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PROGRESS  IN  1912 

THAT  the  year  1912  has  been  unusual  in  many  respects  will 
be  evident  from  a  perusal  of  the  contributions  appearing 
under  this  heading  on  the  following  pages.  These  brief  re- 
views of  progress  represent  the  personal  impressions  of  over  a 
score  of  men,  each  of  whom  is  in  daily  contact  with  the  subject 
he  discusses.  Each  has  presented  in  his  own  way  those  develop- 
ments which  he  considers  important  and  of  general  interest.  While 
it  is  not  claimed  that  this  method  of  presentation  is  ideal  or  that 
the  whole  field  has  been  covered,  it  does  give  a  great  variety  of 
view  points,  from  men  who  are  eminently  qualified  to  speak  re- 
garding their  own  special  lines  of  work,  which  could  hardly  be 
secured  in  any  other  manner. 


A  GENERAL  VIEW  OF  THE  ELECTRICAL  INDUSTRY 

H    P.  DAVIS 

THE  most  striking  development  in  the  electrical  industry  dur- 
ing the  past  year  has  been  the  unparalleled  expansion  and 
activity  which  has  occurred  in  the  business.  In  fact,  the 
beginning  and  end  of  the  year  show  an  entire  reversal  in  these  con- 
ditions. The  year  commenced  in  a  period  of  almost  complete  manu- 
facturing stagnation  and  ends  in  a  period  of  record-breaking  com- 
mercial demand  and  manufacturing  activity.  The  problems  which 
such  a  sudden  expansion  and  accumulation  of  business  im|)ose  on 
the  manufacturer  have,  therefore,  been  those  of  works  organiza- 
tion and  production  rather  than  those  of  apparatus  development. 

Periods  of  business  depression  such  as  'existed  prior  to  tht 
past  year,  drive  tlic  manufacturer  close  to  a  starvation  basis  as  re- 
gards materials  and  stocks,  and  the  working  force  to  a  bare  skeleton 
of  the  organization  required  for  such  high  pressure  conditions  as 
are  now  being  experienced.  To  build  up  a  manufacturing  organiza- 
tion and  to  provide  stocks  to  meet  the  demands  of  production  ex- 
ceeding anything  previously  known,  all  in  the  spare  <^f  ->  frw  months. 
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is  a  proposition  of  no  mean  magnitude,  but  in  addition  the  demands 
of  the  past  year  have  been  more  than  ordinarily  severe  because  the 
selHng  price  of  electrical  apparatus  has  never  been  as  low  as  dur- 
ing the  early  part  of  the  year.  Business  so  taken  has  imposed  the 
closest  scrutiny  and  attention  to  manufacturing  costs. 

This  condition  has  forced  many  manufacturers  to  give  careful 
attention  and  close  study  to  questions  of  conservation  and  et^ciency 
as  relating  to  manufacturing  organization  and  production  in  a  way 
never  called  for  before.  The  past  year  has  been  especially  pro- 
nounced in  this  respect  and  the  study  and  application  of  the  science 
of  management  has  been  so  widespread  and  the  interest  in  it  so 
active  that  it  has  made  marked  progress,  until  as  a  matter  of  fact 
almost  every  up-to-date  and  well-managed  business  has  introduced 
more  or  less  of  these  principles  and  practices.  It  is  a  natural  con- 
sequence, considering  the  nature  of  the  electrical  industry  and  the 
training  of  the  men  connected  with  it,  that  these  doctrines  should 
interest  them,  based  as  they  are  fundamentally  on  scientific  and 
analytical  methods,  and  it  is  not  difficult  to  foresee  that  with  their 
introduction  very  far-reaching  results  are  likely  to  occur,  especially 
as  the  character  of  the  work  and  the  problems  presented  appeal  to 
the  trained  engineering  mind.  It  is  plain  that  an  entirely  new  field 
of  engineering  endeavor,  presenting  new  opportunities  for  the  engi- 
neer and  the  engineering  student,  has  been  opened.  As  this  field 
develops  and  the  principles  of  this  science  become  established,  sci- 
entifically and  specially  trained  engineers  will  become  necessary  in 
the  executive  work  of  the  shop  side  of  all  industrial  organizations. 

Much  has  been  said  and  written  regarding  the  doctrine  of  con- 
servation which,  as  it  is  most  popularly  presented,  has  to  do  mainly 
with  natural  resources ;  but  we  are  now  recognizing  in  the  industrial 
fields  that  it  is  equally  as  important  in  its  application  to  human 
effort  and  property.  Labor  saving  machinery  is  so  familiar  to  us 
that  we  accept  it  as  the  proper  order  of  things,  as  we  should ;  now, 
if  the  same  character  of  study  analysis  and  invention  can  be  applied 
to  the  saving  of  effort  in  pure  labor  operation,  great  economic  de- 
velopments will  result.  Waste  of  time,  eft'ort  and  resources  will 
soon  become  the  emblem  of  bad  and  wasteful  management. 

No  one  becomes  proficient  in  pastimes  or  serious  occupations 
without  constant  application  and  competent  instruction.  The  more 
able  and  experienced  the  instructor,  the  greater  the  possibilities  for 
efficiency  in  the  one  being  taught.  We  are  all  familiar  from  child- 
hood with  this  order  of  things.     Knowledge  is  acquired  by  study/ 
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experience  and  the  teaching  of  others,  but  it  is  not  until  recently 
that  this  has  been  recognized  as  desirable  and  necessary  in  promot- 
ing efficiency  in  industrial  operations,  and  the  importance  of  organ- 
ized teaching  of  workers  by  specialists  been  fully  appreciated.  Cou- 
pled with  it  is  the  recognition  of  the  necessity  for  careful  planning 
and  scheduling,  and  last  and  most  important,  the  close  study  by 
experienced  and  competent  experts  of  ways  and  means  to  perform 
an  operation  or  task  in  the  most  economical  and  efticient  manner, 
and  when  this  is  developed  to  teach  it  to  all  of  the  workers.  More 
and  more  is  it  being  recognized,  as  a  necessary  part  of  up-to-date 
industrial  development  and  activity,  that  it  is  important  to  have 
systems  of  study,  education  and  instruction  in  which  everything  is 
done  according  to  pre-arranged  plans  so  carefully  worked  out  as 
to  conserve  and  control  to  the  greatest  extent  the  materials  of  con- 
struction, the  use  of  equipment  and  the  time  and  effort  of  the 
workers.  The  immediate  results  will  be  methodical  manufacturing 
accuracy  in  setting  and  meeting  deliveries,  and  lower  costs. 

Progress  is  demanding  efficiency  and  with  the  degree  of  its  attain- 
ment in  the  industrial  world  there  will  result  mutual  benefit  to 
employee  and  employer,  not  only  in  general  financial  returns  accruing 
to  each,  but  in  the  advancement  of  industrial  education  and  devel- 
opment, leading  to  better  management,  more  economical  produc- 
tion, pleasanter  and  more  healthful  surroundings  for  all,  and  with 
closer  harmony  and  cooperation  between  the  employee  and  the  em- 
ployer. 


THE  ELECTRICAL  INDUSTRY  IN  GREAT  BRITAIN 

J.  S.   PECK 

IN  spite  of  the  great  coal  miners'  strike,  iqi^  was  a  prosperous 
year  for  almost  all  classes  of  British  industries.  Great  activity 
in  the  steel,  shipbuilding,  textile  and  other  trades  was  naturally 
reflected  in  the  electrical  industry,  and  the  past  year  was,  relatively 
speaking,  a  very  prosperous  one  for  the  electrical  manufacturing 
companies. 

Power  Supply  Companies— The  electrical  power  supply  under- 
takings, which  are  as  a  rule  controlled  by  the  municipalities,  have 
been  trying  to  increase  their  motor  loads,  with  very  satisfac- 
tory results.  As  this  load  has  increased,  load  factors  have  im- 
proved, and  very  attractive  rales  for  power  supply  arc  In-ing  of- 
fered. This  development  on  the  part  of  the  {>ower  companies  has 
created  a  large  demand  for  generating  and  converting  machinery, 
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as  well  as  for  motors  and  control  apparatus ;  while  on  the  other 
hand  the  demand  for  apparatus  for  isolated  plants  has  been  steadily 
decreasing,  except  for  export  trade.  One  noticeable  feature  has 
been  the  rapid  increase  in  the  size  of  generating  units.  Stations 
which  a  few  years  ago  were  laid  out  for  units  of  i  500  to  3  000 
kilowatts  are  now  ordering  units  of  5  000  to  10  000  kilowatts  capac- 
ity, and  the  city  of  Manchester  has  just  ordered  a  15000  kilowatt 
unit. 

Turbo-generator  Sets — The  impulse  type  of  turbine  appears  to 
be  a  strong  favorite,  but  many  machines  of  the  pure  Parsons  type 
and  of  the  disc  and  drum  (combined  Curtis  and  Parsons)  type  are 
still  being  sold.  While  the  great  bulk  of  the  business  has  been  in 
alternating-current  sets,  there  has  been  a  very  coMsiderable  demand 
for  direct-current  sets,  and  machines  of  moderate  size,  when  titted 
with  radial  commutators,  have  operated  very  successfully.  The 
favorite  size  appears  to  be  500  kilowatts,  running  at  2  500  r.p.m. 

Rotary  Converters — The  rotary  converter,  against  which  a 
strong  prejudice  existed  for  so  long  in  Great  Britain,  is  now  being 
almost  universally  adopted,  while  motor-generator  sets  are  seldom 
specified  except  for  very  special  conditions.  Many  of  the  munici- 
palities supply  both  traction  and  lighting  from  the  same  station, 
so  that  a  very  large  voltage  range  is  required  on  the  rotary  con- 
verter. For  this  service,  the  converter  fitted  with  a  series  booster 
is  almost  always  used. 

Electric  Traction — Practically  all  of  the  large  cities  of  Great 
Britain  own  their  own  tramway  systems,  and  as  these  are  being 
extended  very  slowly  there  has  been  little  tramway  business  for 
several  years  past,  but  the  great  increase  in  business  following  upon 
the  electrification  of  certain  suburban  railway  lines  has  brought 
prominently  before  railway  directors  the  many  advantages  of  this 
system  of  propulsion,  and  it  seems  reasonably  certain  that  a  large 
amount  of  suburban  electrification  will  be  done  during  the  next  few 
years.  The  London  &  Northwestern,  London  &  Southwestern, 
London,  Brighton  &  South  Coast  and  the  London  &  Tilbury  are 
all  proposing  to  electrify  their  suburban  service  as  rapidly  as  pos- 
sible. In  addition,  the  Northeastern  Railway,  which  electrified 
some  of  its  suburban  lines  around  Newcastle  several  years  ago, 
is  about  to  electrify  eighteen  miles  of  main  line  for  heavy  freight 
traffic.  Fifteen  hundred  volts,  direct  current,  will  be  used  for  this 
service,  but  for  most  of  the  suburban  lines  about  London,  600  volts 
will  be  used.     Several  small  installations  of  the  trackless  trolley 
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system  have  been  made  and,  while  satisfactory  operation  is  obtained, 
it  does  not  appear  that  this  system  will  ever  be  able  to  compete  suc- 
cessfully with  the  electric  tramway,  except  under  very  exceptional 
conditions. 

Magnetic  Brakes — A  considerable  and  rapidly  growing  export 
trade  is  being  done  with  the  Continent  in  magnetic  brakes  for  elec- 
tric cars.  In  Great  Britain,  where  thousands  of  magnetic  brakes 
are  in  successful  use,  the  track  magnet  is  usually  coupled  to  the 
wheel  brake  shoes,  so  that  the  drag  of  the  magnets  along  the  rail 
also  applies  the  wheel  shoes,  but  on  the  Continent  the  wheel  shoe 
attachment  is  omitted,  and  only  the  friction  between  rail  and  mag- 
net is  depended  upon  for  braking  purposes.  To  meet  this  require- 
ment, very  powerful  though  light  weight  magnets  have  been  devel- 
oped. The  largest  of  these,  weighing  less  than  500  lbs.,  gives  a 
vertical  pull  of  10000  to  13000  lbs.  Four  of  them  are  sufficient  to 
stop  the  heaviest  car  in  an  extremely  short  distance.  In  certain 
cases  these  magnets  are  applied  for  use  as  emergency  brakes,  in 
addition  to  the  usual  air  brake  equipment.  In  many  cases  the  mag- 
nets are  supplied  with  two  windings,  one  for  trolley  current  and 
the  other  for  excitation  from  the  motors  acting  as  generators. 

Electrification  of  Textile  Factories — In  the  textile  trade  the 
individual  driving  of  looms  is  coming  into  great  favor,  and  thou- 
sands of  motors  are  being  sold  for  this  purpose.  The  individual 
drive  for  spinning  machines  is  not  generally  recommended,  and 
group  driving  seems  generally  preferred.  While  there  is  an  increas- 
ing demand  for  electric  motors  for  group  driving,  the  wholesale 
electrification  of  spinning  mills  has  not  yet  begun. 

Szuitcliboards — The  very  stringent  regulations  made  by  the 
Government  departments  for  regulating  the  use  of  electricity  in 
mines  have  brought  about  marked  improvements  in  the  mechanical 
design  of  switchboards  and  control  apparatus.  Iron  clad  switch- 
boards are  used  for  all  classes  of  service,  not  only  underground,  but 
in  mills,  factories,  and  wherever  dust-proof  and  fool-proof  appa- 
ratus is  required. 

Electric  Heating  and  Cooking — The  power  companies  are  mak- 
ing a  strong  eflfort  to  attract  this  class  of  business,  and  are  offering 
very  low  rates  for  current.  One  penny  (2c)  per  kilowatt-hour, 
appears  to  be  the  prevailing  charge,  but  in  several  cities  a  rate  of 
3,4  penny  (ic)  is  otTered.  With  the  inducement  of  the  low  rates, 
it  seems  certain  that  an  enormous  development  will  come  about  in 
this  particular  business. 
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RECENT  CANADIAN  DEVELOPMENTS 

N.   S.    BRADEN 

TTIE  year  1912  not  only  saw  the  completion  of  important  engi- 
neering works  and  the  continuance  of  other  undertakmgs, 
but  also  the  inauguration  of  very  large  new  enterprises. 
in  the  coal  fields  of  the  Maritime  Provinces  important  applica- 
tions have  been  made  for  the  electrical  drive  of  various  machines 
used  in  coal  mining  operations,  which  include  the  installation  of 
larije  turbo-generator  plants  and  distribution  systems  throughout 
the  district  to  the  various  mine  openings  for  operating  air  com- 
pressors, ventilating  fans,  centrifugal  pumps,  water  hoists,  etc. 

Tn  the  Province  of  Quebec  work  has  begun  on  the  develop- 
ment oi  the  water  power  at  Cedar  Rapids  in  the  St.  Lawrence 
River,  which  development,  when  completed,  will  rival  the  largest 
installations  at  Niagara.  At  Shawinigan  Falls,  in  the  same  Prov- 
ince, orders  have  been  placed  for  additional  units  of  15000  k.v.a. 
in  generators  of  the  water-wheel  type.  Each  of  these  plants  will  sup- 
ply power  for  the  city  of  Montreal,  and  the  amount  of  energy  which 
the  city  rcciuires  is  onlv  one  of  the  many  evidences  of  the  wonder- 
ful growth  of  that  city,  and  this  growth  is  also  responsible  for  a 
very  important  undertaking  in  connection  with  the  transportation 
facilities  at  Montreal,  viz.,  the  building  of  a  double  track  tunnel 
three  and  one-quarter  miles  long  under  Mount  Royal,  by  the  Cana- 
dian Northern  Railway,  which  will  give  it  access  to  the  heart  of 
the  city  for  its  passenger  terminal.  This  tunnel  will  be  electrically 
eiiuipix\l  for  freight  and  passenger  as  well  as  suburban  traffic. 

In  the  Chicoutimi  district  of  Quebec  large  water  powers  are 
hciiii^  developed  for  use  in  the  paper  and  pulp  industries,  and  the 
same  is  also  true  in  other  Provinces  of  the  Dominion  where  exten- 
sive timber  tracts  adjacent  to  fine  water  powers  make  ideal  condi- 
tions for  the  manufacture  of  pulp  and  paper. 

In  Ontario  the  Niagara  development  has  proceeded  with  the 
enlargement  of  all  the  plants  on  the  Canadian  side.  The  extensions 
and  development  of  the  distributing  system  of  the  Hydro-electric 
Commission  of  Ontario  has  been  one  of  the  important  and  striking 
features  of  the  year  just  passed;  these  lines  now  serve  nearly  one 
hundred  cities,  towns  and  villages,  and  it  is  gratifying  to  know  that 
the  operation  of  the  high  tension  lines  at  no  000  volts  has  been 
remarkably  free  from  service  interruptions,  a  feature  which  speaks 
highly  not  only  for  the  design  of  the  equipment  supplied  but  for 
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the  engineering  displayed  in  the  design  of  the  transmission  Hne 
and  distributing  system. 

In  central  Ontario  the  series  of  large  hydro-electric  develop- 
ments in  the  Trent  Valley  District  have  been  very  successful,  and 
provide  cheap  power  to  a  section  heretofore  neglected.  Many 
large  towns  and  villages  are  embraced  within  the  distributing  sys- 
tem. One  of  the  most  important  industrial  applications  of  electric 
motors  is  an  installation  which  is  now  being  made  by  the  Steel 
Company  of  Canada  at  their  Hamilton  Works,  which  will  consist 
of  complete  electrical  drive  for  their  new  blooming  mill,  billet  mill 
and  rod  mill.  Every  machine  will  be  driven  by  motors,  from  a 
ten  horse-power  constant  speed  motor  to  the  8000  horse-power 
reversing  blooming  mill  motor.  The  power  for  this  installation 
will  be  supplied  by  one  of  the  large  hydro-electric  power  companies, 
through  suitable  fly-wheel  motor-generator  sets  of  the  latest  design. 

At  Sault  Ste.  Marie,  Ontario,  large  steel,  rail  and  pulp  mills 
are  being  electrically  driven  by  large  motors  of  either  the  reversible 
or  constant  speed  types,  the  energy  being  derived  mainly  from 
large  blast  furnace  gas  engine  generator  units. 

In  connection  with  the  handling  of  coal  which  is  shipped  into 
the  Northwest  through  the  Lake  Superior  ports  in  large  quanti- 
ties, it  is  of  interest  to  know  that  these  coal  handling  plants  are 
electrically  equipped,  using  either  fly-wheel  motor-generator  sets, 
or  equalizing  generators  with  fly-wheels,  the  operation  of  which 
has  been  most  successful,  and  such  applications  were  the  first  to 
be  used  in  this  country. 

In  the  three  prairie  provinces  of  ^Manitoba,  Saskatchewan  and 
Alberta,  the  growth  of  electric  light  and  power  plants  has  been 
rapid  and  continuous,  and  all  the  larger  towns  are  now  either  equip- 
ped with  electric  railways  or  installing  the  same,  this  being  a  truly 
remarkable  showing  for  towns  which,  a  few  years  ago,  were  mere 
villages. 

In  the  far  western  province  of  British  Columbia  the  past  year 
has  witnessed  remarkable  growth  in  electric  railways  in  Vancouver 
and  suburbs,  and  in  A'ictoria.  on  \'ancouver  Island,  and  the  enlarge- 
ment of  power  plants  on  an  extensive  scale  to  provide  for  the  in- 
creased growth  of  these  cities  and.  in  addition,  the  important  water 
power  development  at  Stave  Lake.  B.  C.  has  been  put  in  successful 
operation,  supplying  a  large  amount  of  power  to  \'ancouver  and 
vicinity.  British  Columbia  is  also  to  have  the  first  i  200  volt  elec- 
tric railway  equipment  in  Canada,  which  is  now  being  installed  on 
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a  road  52  miles  in  length,  extending  from  New  Westminster  to 
Chilliwack.  To  indicate  the  business  which  is  offering,  it  is  suffi- 
cient to  say  that  this  road  is  now  operating  with  three-car  trains 
four  times  a  day  in  each  direction,  and  in  addition  is  installing 
several  fifty  ton  i  200  volt  locomotives  to  handle  the  freight  busi- 
ness. 

Vancouver  Island  is  attracting  much  attention  in  connection 
with  its  material  development,  particularly  of  its  water  power  and 
coal  mines.  One  of  the  leading  collieries  is  installing  a  large  hydro- 
electric plant  as  well  as  the  most  modern  type  of  electric  hoists 
and  appliances  for  deep  mining.  When  finished  it  will  be  one 
of  the  most  complete  electrically  equipped  mining  properties  in  the 
world. 

Outside  of  the  electrical  development  in  Canada,  there  is  a 
wonderful  growth  of  the  steam  railroads  and  the  country  is  now 
traversed  by  one  transcontinental  railroad,  the  second  is  nearing 
completion  and  the  third  is  also  building.  Each  of  these  roads  will 
have  its  termini  on  the  extreme  Eastern  and  Western  coasts,  and 
at  least  one  road  will  connect  with  a  Government  railway  now  build- 
ing tO'  the  Western  shore  of  Hudson  Bay. 

Another  gigantic  undertaking  is  the  beginning  of  the  enlarge- 
ment of  the  Welland  Canal,  at  a  cost  of  $45  000  000,  to  enable  large 
lake  vessels  to  proceed  between  Lakes  Erie  and  Ontario. 

In  the  gold  and  silver  mining  districts  of  Northern  Ontario 
extensive  development  of  available  water  powers  has  been  com- 
pleted, and  electrical  energy  is  now  used  by  all  the  large  mining 
companies. 


THE  MEXICAN  SITUATION 

C.   v.   ALLEN 

IN  considering  this  subject  from  all  sides,  as  well  as  electrically, 
it  should  be  borne  in  mind  that  Mexico  has  but  recently  com- 
pleted 'her  second  year  of  revolutionary  troubles.  The  fact 
that  there  is  no  head,  or  organization,  among  the  revolutionists, 
renders  no  easy  solution  to  the  Government,  who  must  now  deal 
with  a  multitude  of  scattered  bandits,  whose  sole  object  is  to  loot 
and  plunder. 

The  wealth  of  Mexico  is  in  its  haciendas  and  mines,  both  lo- 
cated in  remote  places  most  difficult  to  protect  from  molestations 
with  the  small  Federal  military  forces  available.     The  mines  repre- 
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sent  by  far  the  greatest  wealth  of  the  country,  and  are  the  largest 
users  of  machinery,  electrical  included.  It  is  this  industry  which 
has  created  the  large  demand  for  electrical  power,  so  readily  obtain- 
able from  the  natural  water  powers  of  the  country. 

With  copper  and  silver  at  almost  record  high  prices  during 
these  last  two  years,  Mexico  should  have  gone  ahead  with  enor- 
mous strides ;  and  the  electrical  industries  would  have  reaped  their 
share.  As  it  is,  those  companies  which  have  not  been  actually  in- 
terfered with  cannot  see  their  way  clear  to  develop  their  mines  or 
buy  new  equipments  without  some  assurance  of  the  outcome  of  the 
revolution  and  a  stable  government. 

It  is  remarkable  to  note  the  determination  shown  in  the  con- 
tinuing of  operations,  and  the  few  actual  serious  interruptions  that 
have  occurred  under  the  trying  conditions  of  the  last  two  years. 
The  power  companies'  salvation  lies  in  keeping  voltage  on  their 
circuits  for,  although  it  is  easy  for  a  peon  to  climb  a  pole  and  cut 
a  telephone  line  with  a  "machete,"  he  cuts  his  last  wire  when  he 
attacks  the  power  lines  farther  up.  One  power  house  was  raided 
on  two  different  nights,  the  Americans  in  charge  escaping  each 
time  by  jumping  from  a  second-story  window,  leaving  the  plant 
to  be  run  by  the  native  forces  for  many  days.  At  this  writing, 
this  same  plant  is  shut  down  entirely,  the  native  operators  being 
molested  beyond  endurance. 

The  largest  system  in  the  country  has  been  but  little  molested, 
aside  from  threats  if  money  is  not  forthcoming  for  the  rebels' 
maintenance.  In  spite  of  conditions,  some  of  the  more  extensive 
work  already  started  when  the  revolution  began  is  being  continued, 
and  some  new  work  has  since  been  undertaken. 

Considerable  progress  has  been  made  at  the  Tuxpango  Falls 
development.  About  30000  horse-power  is  available  here;  the 
first  installation  having  a  capacity  of  about  12000  kilowatts.  This 
power  plant  is  located  between  Puebla  and  \'era  Cruz,  and  will 
transmit  to  both  cities,  as  both  electric  plants  are  owned  by  the 
same  company. 

The  Conchas  River  proposition,  in  the  State  of  Chihuahua, 
is  controlled  by  the  same  people,  this  plant  comprising  about 
40  000  horse-power.  Work  has  been  somewhat  interrupted,  but 
is  now  progressing.  The  power  company  in  Guadalajara  is  over- 
hauling its  sub-stations,  and  installing  a  large  switchboard,  both 
for  high  and  low  tension  control.  At  Necaxa.  where  power  for 
tlie    Mexican    T.iglit   &   Power  Company   i«;   being  generated,   enor- 
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mous  tunnel  developments  are  being  made  to  bring  water  from 
other  watersheds  to  their  reservoir.  A  great  deal  of  money  is 
being  spent  in  this  work,  and  it  has  progressed  steadily.  A  min- 
ing company  in  Zacatecas  recently  purchased  a  i  ooo  k.v.a.  steam 
turbine  outfit,  with  complete  motor  equipment ;  and  in  Oaxaca  a 
625  k.v.a.  steam  turbine  is  being  installed  by  another  mining  com- 
pany. 

In  the  North,  large  irrigation  projects  are  in  hand,  one  pro- 
viding for  a  million  acres  to  be  irrigated,  with  a  power  house  of 
4000  horse-power,  and  pumps  of  15000  litres  per  second  capacity. 
The  Mexican  Tramway  Company  is  extending  its  railway  circuits, 
to  take  in  interurban  traffic  from  Mexico  City  to  Puebla  and  To- 
luca. 

All  of  this  shows  that  work  has  by  no  means  stopped  during 
the  recent  troubles.  Mexico  has  encountered  but  a  temporary  set- 
back with  its  revolution,  and  cannot  fail  to  recover,  due  to  its  great 
wealth  of  natural  resources.  The  Americans  alone  have  invested 
over  a  billion  dollars  in  Mexico,  comprising:  $644000000  in  rail- 
way stocks  and  bonds ;  $250  000  000  in  mines  and  smelters ;  $223- 
000000  in  national  bonds;  $15000000  in,  the  oil  business,  with  the 
same  in  rubber }  $9  600  000  in  factories,  and  $760,000  in  tramways, 
power  and  electric  plants,  etc.  In  all  of  those  mentioned,  except 
electric  plants,  the  Americans  lead  all  other  nations  combined, 
even  including  Mexico  herself,  in  capital  invested.  England  leads 
all  other  countries  in  investments  in  electric  plants  by  many  mill- 
ions ;  Mexico  herself  owning  between  five  and  six  million.  The 
Mexican  Light,  Power  &  Traction  Company,  with  its  present  load 
of  about  50000  'horse-power,  transmitting  power  171  miles  at 
85000  volts  (the  highest  voltage  in  Mexico),  is  owned  by  English 
capital.  The  large  interests  of  Lord  Cawdray  represent  the  bulk 
of  England's  electrical  holdings  in  this  country. 

All  electrical  apparatus  and  machinery  must  be  imported  into 
Mexico,  as  no  factories  exist  as  yet,  aside  from  a  small  carbon  fila- 
ment lamp  factory,  with  rumors  of  a  tungsten  lamp  factory  to  be 
started  soon  by  an  American  manufacturer. 

A  law  to  increase  all  duties  twenty  percent  is  now  before  Con- 
gress. The  imports  into  Mexico  from  the  United  States  in  191 1 
amounted  to  55.8  percent  of  the  total  (or  $53000000)  ;  Germany 
came  next  with  $12000000;  Great  Britain,  $11000000,  and 
France,  $8000000,  etc.  In  1912,  Mexico  exported  $92000000  of 
gold,   silver   and  other  mineral   products,   with   but  $2  220  000  of 
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manufactured  articles.     The  trade  of  the  United  States  with  Mex- 
ico has  been  trebled  in  the  last  ten  years. 

It  is  doubtful  if  any  other  country  has  a  greater  variety  of 
electrical  machinery  of  different  makes  than  Mexico.  So  far, 
Chinese  and  Japanese  competition  has  not  been  felt.  But  "made 
in  Germany"  is  in  strong  and  increasing  evidence.  Germany  caught 
up  with,  and  displaced  England,  in  its  place  in  exports  into  Mexico, 
in  1906,  and  has  greatly  increased  its  representatives  in  Mexico 
since.  It  is  safe  to  say  that  the  business  done  by  Germany  with 
Mexico,  in  hydro-electric,  gas-electric,  and  other  general  electrical 
machinery,  is  greater  in  proportion  than  the  ratio  referred  to  above 
with  reference  to  total  imports. 

Mexico  is  an  old  country,  it  is  true,  but  quite  new  so  far  as 
development  is  concerned,  as  is  evidenced  by  comparing  its  exports 
and  imports.  The  country  is  too  rich  in  mineral  and  agricultural 
resources  for  the  present  unrest  to  continue  long,  before  political 
confidence  is  restored.  The  American  of  means  knows  Europe,  and 
even  the  Orient  better  than  he  does  his  neighbor,  IMexico,  with  the 
result  that  he  invests  abroad  rather  than  in  ^Mexico,  where  three  or 
four  days  by  train  would  take  him  to  his  property.  The  geograph- 
ical location  of  Mexico,  together  wnth  a  bank  rate  of  interest  of 
8  percent,  and  its  undeveloped  state,  makes  it  the  most  natural  over- 
flow market  for  capital  from  the  States.  Then,  why  is  its  develop- 
ment left  to  foreign  powers,  who  will  surely  buy  their  machinery 
and  needed  materials  at  home,  thus  causing  the  loss  of  a:  good  cus- 
tomer within  easy  reach  of  the  manufacturers  in  the  States?  The 
American  merchant  and  manufacturer  may  have  enough  to  do  at 
home;  if  not,  he  first  seeks  export  business  with  the  country  which 
conducts  business  most  in  line  with  his  methods.  This  does  not 
take  him  to  Mexico.  The  American's  business  failure  in  Mexico 
can  almost  always  be  traced  to  lack  of  conformation  with  local  cus- 
toms and  insufficient  study  of  the  people.  He  rather  expects  (and 
often  demands)  that  Mexicans  change  to  his  ways — and  quickly, 
too.  That  is  where  the  Spanish.  French  and  Germans  score.  Pa- 
tience and  tact  are  two  qualifications  the  American  should  have  in 
going  to  Mexico.  Otherwise  he  will  find  himself  meeting  the  fate 
of  Kipling's  hero,  who  "tried  to  hurry  the  East."  If  he  has  the 
Spanish  language  at  his  command,  so  much  the  better,  as  he  will 
find  it  extremely  useful  in  business. 
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RECENT  DEVELOPMENTS  IN  AIR  BRAKE  PRACTICE 

S.   W.   DUDLEY 

RECENTLY,  and  especially  during  the  past  year  or  two,  there 
has  been  a  growing  change  in  sentiment  on  the  part  of  those 
directly  connected  with  the  operation  of  both  steam  and 
electric  railroads  toward  the  engineering  and  economic  importance 
of  the  train  control  apparatus.  Instead  of  being  an  inconvenient 
and  but  little  understood  safety  device,  the  power  brake  has  grad- 
ually come  to  be  recognized  as  a  possible  time  saver  and  so  a  divi- 
dend earning  asset  capable  of  being  developed  to  an  indefinite  de- 
gree. This  change  in  attitude  was  largely  contributed  to  by  the  in- 
creasingly severe  traffic  requirements  of  congested  districts  in  and 
near  large  centers  of  population  and  long  hauls.  On  the  part  of  the- 
manufacturer,  closely  in  touch  with  the  trend  of  development 
throughout  the  country,  this  rapid  and  general  expansion  was  early 
recognized  and  its  significance  realized.  This  resulted  in  a  period 
of  unprecedented  activity,  culminating  in  the  perfection  of  new 
and  improved  apparatus  which  would  satisfy  the  most  exacting  re- 
quirements throughout  a  wide  range  of  service — marked  by  the 
single  car  or  motor-trailer  city  service  on  the  one  hand  and  the  high 
speed  interurban  multiple-unit  train  service  or  electric  locomotive 
service  on  the  other  hand. 

The  extent  and  permanency  of  Miese  developments  have  been 
evidenced  by  the  extended  introduction  of  the  improved  types  of 
equipment  during  the  past  year.  A  notable  example  is  the  adoption 
of  an  especially  light  and  simple  straight  air  brake  equipment  with 
automatic  emergency  features,  known  as  the  "featherweight"  equip- 
ment, as  practically  the  standard  type  of  apparatus  for  light  trac- 
tion service.  This  equipment  was  especially  designed  to  meet  the 
limitations  of  space,  weight  and  simplicity  in  connection  with  cars 
of  the  double  deck,  center  entrance  and  other  similar  types  of  mod- 
ern light  city  street  cars  operating  normally  in  single  units  or  with 
but  one  trailer  car.  This  apparatus  has  proved  to  be  readily  adapt- 
able to  these  unusual  requirements  and  has  been  received  with 
much  favorable  attention. 

Closely  allied  to  this  equipment  is  a  special  adaptation  of  the 
apparatus  to  permit  the  amount  of  braking  power  to  be  automat- 
ically proportioned  to  the  dififerent  loads  carried  by  the  car  at  dif- 
ferent times.  While  this  form  of  apparatus  was  developed  pri- 
marily for  certain  specific  requirements,  the  fact  that  such  a  form 
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of  mechanism  was  found  desirable  is  a  significant  indication  of  the 
advanced  state  of  the  art  and  the  engineering  consideration  which 
the  situation  has  commanded,  both  on  the  part  of  the  manufacturer 
and  the  users  of  such  apparatus. 

The  development  of  these  equipments,  designed  for  especially 
light  service,  has  been  accompanied  by  a  corresponding  improve- 
ment in  the  detail  apparatus.  As  an  example  may  be  mentioned 
the  development  of  a  special  line  of  motor  driven  air  compressors 
of  light  weight  and  simplified  design,  in  which  particular  attention 
has  been  given  to  the  improvement  of  mechanical  details  tending 
toward  a  higher  mechanical  and  electrical  efficiency,  simplicity  and 
reliability  under  severe  conditions. 

A  further  development  in  motor-driven  air  compressors  has  been 
brought  about  by  the  requirements  of  two-voltage  service.  This 
condition  has  been  provided  for  in  three  ways,  namely,  by  using 
a  double  commutator  motor  for  the  air  compressor,  the  motor  hav- 
ing separate  windings,  suitably  arranged  or  connected  for  the  two 
voltages  to  be  employed ;  by  driving  the  compressor  direct  by  means 
of  a  clutch  from  the  shaft  of  the  dynamotor  supplied  with  the  elec- 
trical equipment  to  take  care  of  lights  and  other  accessory  appara- 
tus and  by  having  two  complete  compressors  mounted  on  the  same 
bed  plate  and  mechanically  connected  (to  insure  equalization)  by 
a  multiple  disc  clutch,  the  motors  being  designed  to  run  in  multiple 
on  the  low  voltage  and  in  series  on  the  high  voltage.  Operating 
and  installation  conditions  determine  which  of  these  arrangements 
will  be  preferable  in  any  given  case,  it  being  usually  found  that  the 
dynamotor  compressor  combinations  are  most  economical,  both  of 
space  and  power,  and  in  general  most  attractive. 

In  the  field  of  heavier  traction  service  the  advantages  of  the 
electro-pneumatic  brake  control  have  been  receiving  more  and  more 
attention.  The  demands  in  this  field  have  been  so  intense  in  cer- 
tain localities  and  have  been  characterized  by  such  well  defined 
local  requirements  that  in  almost  every  case  each  problem  has  had 
its  own  highly  specialized  and  determining  peculiarities.  Conse- 
quently the  successive  stages  in  the  development  of  the  electro- 
pneumatic  brake  have  been  more  in  the  nature  of  the  individual 
applications  of  the  same  general  principles  than  the  general  adop- 
tion of  a  uniform  standard  arrangement  of  apparatus.  The  equip- 
ment of  the  New  York,  Westchester  &  Boston  Railroad  is  a  typical 
instance.  In  this  case  the  type  of  the  cars,  truck  design,  operative 
requirements  and  future  posibilitics  all  present  >iK-h  m.^rkcd,  novel 
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features  as  to  require  a  special  study  and  the  evolution  of  a  com- 
plete equipment  which,  from  operating  valves  and  automatic  mech- 
anisms to  foundation  Ijrake  gear  design,  should  meet  these  re- 
quirements most  efficiently.  The  solution  was  the  adaptation  of  a 
standard  form  of  electro-pneumatic  control  to  the  type  of  pneu- 
matic valve  mechanism  which  had  already  been  perfected  for  use 
on  the  heaviest  types  of  steam  railroad  passenger  car  equipment. 
The  results  have  amply  justified  the  confidences  of  the  manufac- 
turers and  the  expectation  of  the  railroad  regarding  the  all  around 
efficiency  of  this  installation  for  this  particular  service. 

As  a  result  of  the  above  mentioned  tendencies  toward  speciali- 
zation in  individual  electro-pneumatic  installations  it  has  been  re- 
alized that  the  logical  solution  of  the  problem  of  meeting  widely 
diversified  requirements  without  undue  multiplication  of  special 
details  would  be  to  develop  a  composite  equipment  having  a  simple 
form  of  triple  valve  as  a  base,  capable  of  expansion  to  meet  the 
most  complicated  requirements  by  the  addition  of  such  unit  parts 
as  needed  in  each  individual  case.  This  has  been  successfully 
worked  out  and  opens  up  a  wide  and  promising  engineering  and 
commercial    field. 

The  considerable  weight  concentrated  on  the  motor  axle  of 
the  New  York,  Westchester  &  Boston  cars  suggested  the  advisabil- 
ity of  using  twO'  brake  shoes  per  wheel  (clasp  brake  arrangement) 
instead  of  the  single  brake  shoe  per  wheel  almost  universally  used 
in  this  country  until  recently.  The  design  employed  on  these  cars 
presents  several  novel  features  arising  from  the  type  of  truck  con- 
struction employed.  The  installation  marks  a  distinct  advance  in 
efficient  brake  rigging  arrangements  for  modern  service  require- 
ments— an  engineering  improvement  in  which  American  practice 
generally  has  lagged  far  behind  that  of  English  and  Continental 
practice,  where  the  superior  advantages  of  the  "clasp  brake"  have 
been  quite  generally  recognized  and  used  for  years,  even  in  much 
less  severe  service  than  is  common  in  this  country. 

The  growing  length  and  weight  of  trains  in  steam  road  service 
and  the  increasing  demand  for  convenience  and  smoothness  of  op- 
eration, as  well  as  reliability,  in  taxing  to  the  limit  the  capacity  of 
the  purely  pneumatic  brake,  have  naturally  directed  attention  to 
the  advantages  of  the  electro-pneumatic  form  of  control.  Its  suc- 
cessful operation  in  such  service  as  that  of  the  New  York,  West- 
chester &  Boston,  the  Boston  Elevated,  the  New  York  Interborough 
(Subway   division),   the   Hudson   &   Manhattan,   the   Philadelphia 
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Rapid  Transit  Company,  and  elsewhere,  has  fully  demonstrated 
the  superiority  of  this  over  other  forms  of  brake  control  for  train 
service  operation  of  any  character  and  its  future  extension  to  steam 
railroad  service  is  a  logical  consequence.  The  preliminary  and 
developmental  stages,  already  a  matter  of  history  in  electric  rail- 
way service,  enable  this  advanced  step  to  be  taken  with  apparatus 
already  fully  developed  instead  of  involving  experimentation  with 
new  or  untried  principles. 

Progress  in  automatic  connectors  between  cars  has  been  con- 
tinued by  the  incorporation  of  an  automatic  electric  coupler  in  the 
automatic  car  and  air  coupler.  By  this  improvement  a  still  further 
saving  in  time  of  making  up  trains  and  drilling  cars  is  effected 
and  the  safety  and  efficiency  of  the  service  materially  advanced. 

A  similar  progress  has  been  made  in  the  perfection  of  details 
for  safeguarding  and  increasing  the  efficiency  of  the  service  gen- 
erally. Examples  are  the  introduction  of  automatic  interlocking 
mechanisms,  whereby  the  motor  control  circuit  remains  open  and 
the  car  cannot  be  started  until  the  air  brake  mechanism  is  in  the 
proper  condition  for  operation  and  a  sufficient  air  pressure  accumu- 
lated to  insure  safety  in  case  of  emergency;  improved  "dead  man's" 
valves;  sanding  devices  and  automatic  control  of  auxiliary  devices, 
such  as  door  openers,  gongs,  fenders,  trolley,  etc.,  all  interlocked 
with  and  synchronous  with  certain  operations  of  the  air  brake. 

Possibly  one  of  the  most  encouraging  tendencies  of  the  past 
year  has  been  the  increased  attention  on  the  part  of  the  users  of 
air  brakes  to  the  improved  service  and  economy  of  operation  which 
can  be  accomplished  by  a  closer  inspection,  better  maintenance  and 
generally  higher  standards  in  the  care  and  use  of  the  apparatus 
already  in  service.  This  has  been  evidenced  in  greater  expendi- 
tures for  test  apparatus,  enlargement  of  facilities  and  organization 
for  maintenance  work  and  a  free  interchange  of  ideas  and  adoption 
of  new  and  improved  methods  along  broad  and  permanent  lines. 
The  often  repeated  trueism  that  inadequate  apparatus  closely  in- 
spected, well  maintained  and  intelligently  used,  is  better  than  the 
best  if  only  poorly  maintained  and  not  utilized  to  its  fullest  ca- 
pacity, is  gradually  coming  to  be  generally  rccognizetl  and  the  re- 
sultant improvements  have  always  justified  whatever  stejis  have 
been  taken  in  this  direction. 

Broadly  speaking,  the  progress  of  the  past  year  has  been  sj's- 
tematic,  following  logically  the  advancements  of  preceding  years 
in  response  to  corresponding  increases  in  the  requirements  of  the 
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service  which  had  to  be  satisfied.  Such  progress  is  an  evidence  of 
a  normal  condition  in  any  department  of  engineering  practice  and 
is  especially  encouraging  in  the  present  instance,  both  because  it 
indicates  the  continued  healthy  advance  of  the  art  and  as  an  assur- 
ance of  definite  efforts  towards  a  high  degree  of  excellence  in  the 
service  rendered  the  users  of  air  brake  apparatus  and  the  public 
in  general. 


IMPROVEMENTS  IN  INCANDESCENT  LAMPS 

B.  F.    FISHER,  Jr. 

THE  past  year  has  seen  more  startling  changes  and  radical 
improvements  in  incandescent  lamps  than  any  one  year 
since  the  introduction  of  the  tungsten  filament  lamp.  The 
carbon  filament  lamp  which  has  been  the  foundation  of  our  enor- 
mous central  station  lighting  business  has  passed  its  day  of  useful- 
ness and  has  been  relegated  with  the  tantalum  lamp  to  the  oblivion 
of  the  obsolete  classes. 

Metallized  filament  lamps  have  enjoyed  a  day  of  popular  favor 
but  as  the  year  draws  to  a  close  they  are  little  more  than  holding 
their  own,  as  the  tungsten  filament  lamps  are  gaining  so  rapidly 
in  popularity. 

Tungsten  filament  lamps  are  now  used  in  all  classes  of  service, 
and  are  giving  a  good  account  of  themselves  even  in  the  most  se- 
vere service.  From  present  indications  the  time  when  tungsten 
filament  lamps  will  be  the  only  lamps  in  use  is  not  very  distant. 
This  sudden  increase  in  the  use  and  demand  for  tungsten  lamps 
can  be  accounted  for  in  several  ways.  The  lamp-using  public  has 
at  last  realized  that  the  idea  of  extreme  fragility  of  tungsten  lamps 
has  remained  with  us  too  long.  They  have  also  found  that  present 
lamps  are  not  as  fragile  as  those  formerly  made  and  that  with  any 
reasonable  care  there  is  little  risk  of  breakage. 

The  improvements  in  manufacture  during  the  past  year  have 
made  possible  two  radical  reductions  in  price,  so  that  now  the  price 
of  tungsten  filament  lamps  is  not  high  when  compared  with  other 
classes  of  lamps. 

The  average  life  of  tungsten  filament  lamps  has  been  steadily 
increased;  at  first  the  life  was  500  hours;  this  was  increased  to 
800  hours  and  is  now  given  as  i  000  hours.  This  increase  in  life 
indicated  radical  improvements  in  the  lamp,  but  it  does  not  begin 
to  indicate  the  improvements  of  the  last  year,  during  which  the 
lamps  gave  an  average  life  of  from  too  to  200  percent  in  excess  of 
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the  guaranteed  life.  To  keep  the  actual  lamp  life  somewhat  com- 
mensurate with  the  guarantees,  it  has  been  necessary  to  increase 
the  efficiency  of  the  lamps  twice  during  the  past  year,  which  in- 
creases in  efficiency  also  indicate  radical  improvements.  The  effi- 
ciency of  the  25  watt  lamp  has  been  increased  from  1.31  to  1.17 
watts  per  candle,  which  is  an  increase  of  12  percent,  thus  giving 
12  percent  more  light  for  the  same  expenditure  of  energy,  with  an 
average  life  which  continues  to  exceed  that  guaranteed.  These  in- 
creases in  efficiency  in  order  to  keep  the  life  of  the  lamps  commen- 
surate with  the  life  guarantee  have  always  followed  improvements 
in  the  lamps  and  have  never  anticipated  them,  so  that  it  should  be 
expected  that  at  the  present  high  efficiency  the  life  performance 
of  the  lamps  themselves  will  far  exceed  the  guaranteed  perform- 
ance. 

The  most  radical  change  since  the  introduction  of  the  tung- 
sten filament  lamp  has  taken  place  this  year.  It  has  been  generally 
known  that  tungsten  lamps  continue  to  burn  for  a  long  period 
after  they  become  unserviceable,  due  to  blackening,  and  it  has  been 
the  aim  of  the  lamp  manufacturers  to  make  this  life  available  for 
good  service  by  preventing  the  blackening.  It  has  been  found  that 
by  introducing  a  chemical  within  the  bulb  the  appearance  of  black- 
ening could  be  postponed  until  practically  the  ultimate  life  of  the 
lamp  had  been  reached.  This  introducing  of  a  chemical  to  prevent 
blackening  is  the  most  important  invention  since  the  introduction 
of  the  tungsten  lamp. 

In  addition  to  these  improvements  the  ten  watt  lamp  for  100 
to  130  volts  service  has  been  developed,  thus  furnishing  a  lamp 
suitable  for  decorative  work  in  residential  service  as  well  as  for 
sign  service.  This  lamp  makes  the  list  of  tungsten  lamps  for  100 
to  130  volt  service  complete  from  10  to  500  watts,  which  condition 
has  never  been  possible  with  any  other  class  of  lamps. 


DEVELOPMENTS    IN    POWER    GENERATING 

APPARATUS 

H.  A.  RAPELYE 

THE  year  19 12  has  witnessed  the  successful  working  out,  on 
a  large  scale,  of  many  ideas  in  power  generation  which  a 
year  ago  were  scarcely  beyond  the  experimental  stage.  The 
steam  turbine,  as  has  been  the  case  for  several  years  past,  ofTers 
the  best  example  of  this.  Two  years  ago  in  referring  to  a  large 
turbine,  a  unit  of  from  7  500  to  10  000  kilowatts  would  have  been 


i8  THE  ELECTRIC  JOURNAL 

understood.  This  size  is  now  so  thoroughly  standardized  that  to-day 
the  term  "large  turbine"  would  be  much  more  apt  to  refer  to  a  unit 
of  20  000  kilowatts  capacity,  or  greater.  There  are  contemplated  in 
this  country  at  the  present  time  several  stations  involving  the  use 
of  complete  expansion  machines  of  25  000  or  30  000  kilowatts  ca- 
pacity at  their  economic  rating.  The  steam  turbine  has  also  gone 
forward  in  its  various  other  forms  as  rapidly  as  the  complete  ex- 
pansion machines  referred  to  above.  For  instance,  the  automatic 
bleeder  turbine,  a  comparatively  recent  type,  has  been  built  in  sizes 
up  to  4  000  kilowatts,  normal  capacity,  and  it  is  quite  probable  that 
even  larger  machines  than  this  will  soon  be  seen  in  commercial 
service.  Low  pressure  and  mixed  flow  turbines,  while  not  being 
built  im  large  sizes,  with  one  or  two  notable  exceptions,  are  finding 
a  broader  field  of  application  as  the  possibilities  of  their  use  become 
more  generally  known.  However,  two  years  ago  it  was  not  unusual 
to  hear  prophecies  that  the  steam  power  station  of  the  future  would 
consist  of  reciprocating  engines  operating  with  atmospheric  back 
pressure,  expansion  of  the  steam  being  completed  in  low  pressure 
turbines.  In  the  light  of  later  exprience,  this  idea  seems  to  have 
been  generally  abandoned,  and  with  good  cause,  since  the  complete 
expansion  turbine  as  built  today  offers  an  incomparably  superior 
outfit  from  every  point  of  view. 

There  is  noticeable  at  the  present  time  a  more  general  apprecia- 
tion of  the  economies  possible  with  non-condensing  turbines,  where 
designed  for  such  service.  For  instance,  it  is  possible  to  obtain  a 
higher  efficiency  ratio  with  such  a  machine  than  with  one  designed 
for  completely  expanding  the  steam.  Its  performance  is,  therefore, 
about  equal  to  that  of  the  best  non-condensing  reciprocating  engines, 
and  when  the  lower  cost  of  installation  and  the  superior  operating 
characteristics  are  taken  into  consideration,  the  choice  of  the  turbine 
is  quite  clearly  indicated. 

Where  the  output  of  the  turbine,  whether  complete  expansion, 
low  pressure  or  non-condensing,  is  desired  in  the  form  of  direct 
current,  engineering  opinion  quite  generally  inclines  toward 
the  use  of  reduction  gearing,  the  most  modern  and  approved 
type  of  which  has  seen  commercial  service  for  about  two  years,  in 
addition  to  the  original  exhaustive  experimental  work.  Two  3  500 
kilowatt  direct-current  units  of  this  type,  which  are  the  largest  yet 
constructed,  have  passed  through  tests  in  a  most  satisfactory  man- 
ner and  give  promise  of  remarkable  commercial  results. 

The  broadening  of  the  field  of  turbine  application  is  particularly 
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apparent  in  the  case  of  auxiliaries.  This  field  is  so  well  covered  at 
the  present  time  that  practically  every  operation  in  a  power  house 
which  is  not  performed  by  motor-driven  apparatus,  may  be  handled 
by  turbine  outfits.  Boiler  feed  pumps,  forced-draft  fans  and  con- 
denser circulating  and  air  pumps  of  the  turbine-driven  type,  are 
well  standardized,  and  their  performance  has  been  so  satisfactory 
wherever  used  that  there  can  be  no  question  as  to  their  superiority 
and  their  almost  universal  use  in  the  future.  The  advances  in  cen- 
trifugal pump  design  have  been  such  that  it  is  almost  impossible 
to  find  a  pumping  condition  which  may  not  be  economically  met 
by  a  turbine-driven  outfit ;  and  the  small  number  of  cases  where  this 
is  not  true  is  still  further  reduced  by  the  development  of  reduction 
gearing  of  such  high  efficiency  that  the  combination  of  the  turbine 
and  pump  is  made  with  a  gain  rather  than  a  sacrifice. 

Internal  combustion  engines  of  all  types  appear  to  be  finding 
the  proper  level  of  their  application.  Contending  with  the  disability 
of  high  first  cost,  lack  of  flexibility  and  small  overload  capacity, 
they  still  show  marked  economy  where  load  factor  and  fuel  costs 
are  high.  It  is  but  fair  to  say  that  the  mechanical  development  of 
this  class  of  prime  mover  is  very  high,  but  it  is  difficult  to  see  how 
the  use  of  such  equipment  is  justified  in  plants  of  more  than  i  500 
or  2  000  kilowatts  capacity.  There  remains,  of  course,  the  field  for 
the  blast  furnace  gas  engine,  which  is  now  fairly  well  established 
as  a  part  of  any  blast  furnace  plant.  Gas  producers  in  connection 
with  power  work  have  suffered  from  the  same  causes  as  gas  engines. 
The  marked  upward  variation  in  the  price  of  fuel  oil  has  helped  the 
producer  in  a  very  marked  degree  in  another  field,  since  many  plants 
using  oil  in  furnace  work  of  different  kinds  have  turned  to  producer 
gas  as  a  fuel  of  more  uniform  and  perhaps  lower  average  cost, 
with  the  additional  advantage  of  close  heat  control  and  somewhat 
more  desirable  flame  character  for  a  good  many  classes  of  work. 

The  uni-flow  steam  engines  and  small  engines  of  the  locomo- 
bile or  semi-portable  type,  of  which  so  nuich  was  expected  by  many, 
have  rather  failed  to  justify  these  expectations.  It  is  not  found 
that  they  are  making  inroads  upon  any  market  cxcej^t  that  of  the 
recipr(x\iting  steam  engine,  and  it  is  generally  acknowledged  that 
this  market  is  growing  smaller  with  each  successive  year. 

Condensing  apj^aratus  has  seen  no  radical  changes,  except  the 
increasing  use  of  jet  condensers  of  very  large  capacity,  a  field  which 
has  until  recently  been  conceded  to  belong  to  surface  equipment. 
The  arithmetic  of  condensing  plants  is  much  more  familiar  to  the 
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engineer  than  it  was  two  years  ago,  and  this  might  be  said  to  apply 
with  almost  equal  truth  to  the  designer.  This  being  the  case,  and 
the  three  types  of  condensers — barometric,  low  level  jet  and  sur- 
face— having  each  its  own  fairly  well  defined  field  of  application, 
it  is  not  surprising  that  some  of  the  older  ideas  should  be  abandoned. 
The  one  salient  development  along  lines  of  condenser  practice  has 
undoubtedly  been  the  use  of  smaller  amounts  of  surface  to  accom- 
plish a  given  amount  of  condensation.  This  is  possible  simply  and 
solely  because  of  a  better  appreciation  of  the  relation  of  air  pressure 
and  cooling  water  velocity  to  the  rate  of  heat  transfer. 

The  large  steam  boiler  has  not  as  yet  come  into  its  own,  but 
may  be  confidently  expected  to  do  so.  Those  in  use  are  justifying 
in  a  high  degree  the  guarantees  of  their  designers  and  the  hopes 
of  the  engineers  responsible  for  their  installation. 

There  have  been  no  particular  advances  in  stoker  practice  dur- 
ing the  year  1912,  although  it  must  be  considered  a  distinct  gain 
that  stoker  users  appreciate  to  a  larger  extent  that  different  types 
of  stokers  are  necessary  for  fuels  of  widely  varying  character.  The 
result  of  this  will,  of  course,  be  the  gradual  elimination  of  unsuc- 
cessful stoker  plants  and  the  ultimate  disappearance  of  the  hand- 
fired  plant,  except  in  very  small  sizes. 


PROGRESS  IN  RAILWAY  SIGNALING 

LLOYD  V.  LEWIS 

AN  installation  of  railway  signals  constitutes  a  problem  in 
energy  distribution  unique  in  respect  to  the  character  of 
its  load,  distributed  as  it  is  in  small  units  along  a  railway 
line  for  a  space  of  a  hundred  miles  or  more.  The  usual  solution  of 
the  problem  offers  direct  current  with  a  battery  at  each  location. 

If  the  line  is  to  be  electrified  or  even  paralleled  by  an  electric 
road,  the  situation  demands  alternating  current  for  the  track  cir- 
cuits. As  a  result,  the  signal  engineers  of  a  great  many  roads  have 
had  occasion  to  become  familiar  with  alternating-current  signaling 
apparatus  on  their  own  lines  from  installations  made  to  meet  some 
local  condition,  and  their  study  of  the  incidental  operating  econ- 
omies is  leading  to  the  extensive  adoption  of  alternating  current  in 
situations  in  which  direct  current  would  heretofore  have  been  used 
without  any  question.  On  this  account  the  past  year  has  witnessed 
over  one  thousand  miles  of  new  signal  construction  on  steam  roads 
in  which  all  track  circuits,  relays,  motors  and  signal  lamps  have 
been  energized  by  alternating-current  power,  usually  obtained  from 
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one  or  several  local  lighting  companies  along  the  route,  and  distrib- 
uted by  2  200  to  4  400  volt  lines.  It  is  interesting  to  note  that  sin- 
gle-phase transmission  has  been  resorted  to  in  almost  every  case, 
the  added  complication  incidental  to  polyphase  transmission  more 
than  offsetting  the  increase  in  line  economy. 

In  a  typical  installation  of  this  sort  a  3  300  volt  transmission 
line  has  been  laid  underground  between  tracks,  the  energy  being 
obtained  from  a  number  of  alternative  sources.  Additional  insur- 
ance against  power  interruptions  is  obtained  by  energizing  the  sig- 
nals at  interlocking  towers,  which  are  spaced  about  five  miles  apart, 
by  direct  current  obtained  from  storage  batteries  charged  by  mer- 
cury rectifiers  from  the  alternating-current  line.  In  the  instance  of 
complete  failure  of  the  alternating-current  power,  train  movements 
may  still  be  governed  from  tower  to  tower.  Overhead  line  wires 
for  the  control  of  distant  signals  are  almost  entirely  avoided  by 
the  use  of  polarized  track  circuits. 

This  activity  is  naturally  reflected  in  the  development  of  new 
apparatus  and  improveiuents  in  the  direction  of  increased  safety 
and  economy.  The  most  noticeable  achievement  is  a  new  signal 
mechanism  operated  by  a  slow  speed  induction  motor  mounted  at 
the  top  of  the  signal  mast  and  geared  directly  to  the  semaphore, 
friction  being  minimized  by  the  liberal  use  of  ball  and  roller  bear- 
ings. The  signal  is  held  in  the  clear  position  purely  by  induction 
without  contact  between  the  stationary  and  moving  parts  of  the 
holding  device.  By  a  careful  redesign,  the  efficiency  of  the  induc- 
tion motor  type  of  track  relay,  alrcadv  very  economical,  has  been 
greatly  increased.  A  highly  efficient  and  safe  track  relay  has  been 
developed  for  electric  roads  using  alternating-current  propulsion 
in  which  a  small  induction  motor  operates  a  centrifuge,  for  actuat- 
ing the  relay  contacts,  which  is  so  proportioned  as  to  be  inoperative 
by  rotation  at  the  frequency  of  the  propulsion  current.  As  one 
phase  of  the  motor  receives  energy  from  the  track  and  the  other 
from  a  local  source,  an  essential  feature  is  a  design  of  motor  in 
which  damping  and  not  single-phase  rotation  is  secured  with  tlie 
track  phase  short-circuited.  Another  interesting  novelty  is  an  alter- 
nating-current highway  crossing  bell  without  contacts,  containing 
an  oscillating  form  of  induction  motor. 

A  subject  which  has  received  widespread  attention  during  the 
past  year  is  that  of  automatic  train  control.  Distressing  accidents 
hare  occurred  on  lines  having  complete  signal  protection,  from  fail- 
ure of  the  engine  runners  to  see  or  obey  signals,  and  it  is  therefore 
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proposed  to  bridge  the  gap  between  the  signals,  which  are  controlled 
automatically  by  track  conditions,  and,  the  brake  controlling  appa- 
ratus of  the  moving  train.  Automatic  stops  are  familiar  from  the 
installations  in  the  subways  of  New  York.  Boston,  and  Philadel- 
phia, where  their  use  has  greatly  safeguarded  and  expedited  traffic 
under  the  conditions  there  existing.  To  provide  for  the  complex 
conditions  of  the  average  steam  road  is  a  different  matter. 

It  is  not  sufficient  to  place  a  stop  device  at  a  stop  signal ;  the 
train  might  pass  the  signal  at  full  speed,  the  brakes  be  applied,  and 
run  into  the  rear  of  another  train  a  short  distance  beyond.  It 
is  not  allowable  to  place  the  stop  at  the  caution  signal,  as  at  this 
point  no  cause  for  stopping  the  train  exists.  The  solution  adopted 
in  all  cases  where  automatic  stops  have  so  far  been  installed  is  the 
overlap,  i.  e.,  two  stop  signals  or  a  full  block  at  all  times  in  the 
rear  of  the  moving  train ;  but  this  requires  radical  changes  in  exist- 
ing signals  and  decreases  the  permissible  train  spacing  on  the  aver- 
age steam  road  to  an  extent  almost  prohibitive.  It  also  appears 
essential  to  provide  some  means  for  passing  a  stop  signal  in  auto- 
matic territory  after  coming  to  a  stop  and,  as  well,  to  provide  an 
absolute  stop  at  an  interlocking  signal  which  may  for  example  pro- 
tect a  crossover.  There  still  remains  the  necessity  for  protecting 
the  many  situations  in  which  a  medium  speed  may  be  safe  and 
desirable  while  a  high  speed  would  be  a  source  of  extreme  danger. 

The  efforts  of  inventors  in  this  field  have  largely  been  devoted 
to  a  search  for  a  method  of  transmitting  stop  signals  to  a  moving 
train  in  such  a  manner  that  a  failure  of  any  part  of  the  apparatus 
will  result  in  a  stop.  The  safq  alternative,  to  place  a  device  on  a 
train  which  will  permit  it  to  run  only  a  certain  distance,  and  then  to 
transmit  proceed  signals  to  the  train  to  keep  it  moving,  appears  to 
have  been  largely  overlooked. 

Cab  signals,  repeating  the  fixed  signal  indications  within  the 
engine  cab,  have  been  considered,  but  are  open  to  the  objection  that 
their  use  tends  to  distract  the  engine  runner's  attention  from  out- 
side objects  and  because  of  the  probability  of  conflict  between  the 
indication  of  the  fixed  signal  and  cab  signal  if  the  latter  is  not  con- 
tinuously under  the  control  of  its  source  of  energy.  An  application 
of  the  principles  of  wireless  telegraphy  offers  some  promise  in  the 
solution  of  this  proposition. 

Additional  difficulties  exist  in  securing  sufficient  flexibility  in 
the  automatic  control  of  the  brake  apparatus  of  the  train  to  take 
care  of  all  conditions.  An  emergency  application  may  be  essential 
to  stop  a  high  speed  passenger  train  within  a  reasonable  distance, 
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yet  would  prove  a  serious  source  of  danger  if  applied  on  a  hundred 
car  freight  train. 

It  should  be  borne  in  mind  that  a  railway  journey 
is  an  event  which  may  be  disastrously  interrupted  from  a  great 
number  of  causes,  the  occurrence  of  any  one  of  which  may  be  indi- 
vidually very  remote.  Automatic  train  control  eliminates  but  one, 
namely,  the  failure  of  engine  runners  to  obey  signals.  To  be  of 
value  this  must  be  accomplished  without  bringing  in  other  new 
possible  causes  of  accident,  such  as  would  be  represented  by  a  de- 
crease in  responsibility  on  the  ])art  of  the  engine  runner  or  a  false 
sense  of  security  engendered  by  the  stop  device  itself. 

Up  to  the  present  time,  none  of  the  many  control  schemes 
devised  have  succeeded  in  meeting  all  objections  in  a  manner  con- 
vincing to  railroad  operating  officials,  but  it  is  quite  likely  that  the 
real  demand  which  now  exists  will  result  in  bringing  out  one  or 
several  devices  in  the  near  future,  of  such  a  character  as  to  ma- 
terially increase  the  safety  of  railway  travel. 

THE  AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS 

F.  L.  HUTCHINSON. 
Secretary 

THE  year  19 12  has  been  one  of  growth,  activity  and  progress 
in  the  American  Institute  of  Electrical  Engineers.  The 
membership,  the  number  of  meetings  held,  the  number  of 
technical  papers  presented,  the  variety  of  .subjects  covered  and  the 
amount  of  material  issued  to  the  membership  in  the  publications 
of  the  Institute  have  all  had  a  healthy  growth. 

In  January  a  modified  plan  of  nominating  officers  of  tiie  Insti- 
tute was  inaugurated.  Previously,  it  had  been  necessary  to  send  a 
nomination  blank  to  each  member  of  the  Institute,  with  the  request 
that  he  insert  the  names  of  such  members  as  he  desired  to  nom- 
inate for  the  various  offices.  There  was  no  official  way  in  which 
a  group  of  members  could  suggest  to  the  membership  at  large  the 
nomination  of  any  particular  member ;  the  result  was  an  exceed- 
ingly large  scattering  vote.  A  by-law  was  adopted  providing  that 
if  fifty  or  more  members  suggested  in  writing  the  name  of  a  candi- 
date for  any  particular  office  by  a  specitied  date,  these  suggested 
names  would  be  printed  upon  the  n  Muination  blank,  so  tliat  the 
membership  at  large  wouUl  have  the  advantage,  when  making  their 
nominations,  of  having  before  tiieni  the  names  of  several  members 
who  had  been  thus  suggested.      Ihc  result  was  a  greatly  increased 
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nomination  vote  and  a  concentration  of  the  vote  upon  the  candidates 
thus  nominated.  One  result  of  this  method  is  that  it  enables  any 
group  of  members  to  present  the  name  of  their  candidate  for  any 
office  to  the  entire  membership  on  the  official  forms  of  the  Insti- 
tute, thereby  rendering  it  unnecessary  to  issue  circular  letters. 

In  accordance  with  the  provision  of  the  constitution  by  which 
honorary  members  may  be  chosen  from  among  those  who  have  ren- 
dered acknowledged  eminent  service  to  electrical  engineering,  the 
Board  of  Directors,  in  January,  elected  as  honorary  members.  Pro- 
fessor Andre  Blondel,  of  Paris ;  C.  E.  L.  Brown,  of  Baden, 
Switzerland ;  Dr.  Emil  A.  Budde,  of  Berlin ;  Mr.  Sebastian  Z.  de 
Ferranti  of  London,  England,  and  Professor  Antonio  Pacinotti 
(since  deceased),  of  Pisa,  Italy.  These  were  the  first  to  receive 
the  distinction  of  honorary  membership  in  the  Institute  since  1892. 

A  trip  to  the  Panama  Canal  for  members  and  their  guests 
was  arranged  by  the  Institute  and  a  party  of  110  members  and 
guests  visited  the  canal  in  January,  and  all  were  afforded  unusual 
facilities  for  inspecting  everything  of  interest. 

The  Institute's  friendly  relations  with  foreign  electrical  so- 
cieties have  been  augmented  during  the  year  by  the  establishment 
of  visiting  member  privileges  with  the  societies,  which  will  enable 
Institute  members  traveling  abroad  to  have  the  privileges  of  mem- 
bership in  the  foreign  societies  for  a  limited  time,  in  return  for 
which  members  of  the  foreign  societies  visiting  America  are  ac- 
corded similar  courtesies  by  the  Institute. 

Arrangements  for  holding  an  International  Electrical  Congress 
at  San  Francisco,  in  .1915,  are  progressing.  At  the  request  of  the 
Institute,  authority  to  organize  such  a  congress  was  granted  by  the 
International  Electrotechnical  Commission  at  its  meeting  in  Turin, 
Italy,  in  September,  191 1,  and  since  then  the  committee  on  organi- 
zation of  the  Congress  has  been  appointed  by  the  president  of  the 
Institute. 

In  the  month  of  May  constitutional  amendments  were  adopted, 
provided  for  the  classification  of  the  membership  into  three  grades, 
namely.  Associates,  Members  and  Fellows,  in  place  of  the  two 
grades,  namely.  Associates  and  Members,  previously  existing. 
Under  the  old  classification  only  about  ten  percent  of  the  entire 
membership  was  in  the  grade  of  Member,  the  remaining  ninety 
percent,  although  consisting  very  largely  of  professional  electrical 
engineers,  being  Associates.  For  four  successive  years  committees 
had  been  appointed  to  study  the  conditions,  and  to  recommend  such 
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changes  as  were  deemed  desirable.  The  result  was  the  recommen- 
dation of  the  amendments  which  were  adopted  last  Spring  and 
which  are  now  in  force. 

For  admission  to  the  grade  of  Fellow,  at  least  ten  years  pro- 
fessional experience  is  required.  The  grade  of  Member  retains 
the  live  years  experience  but  does  not  retain  the  former  length  of 
time  required  for  responsible  charge  of  work,  providing  the  mem- 
ber is  qualified  to  take  such  responsibility.  The  requirements  for 
the  grade  of  Associate  have  not  been  changed  and,  as  formerly,  it 
is  not  necessary  that  an  applicant  shall  be  an  engineer  in  order  to 
be  admitted  to  this  grade. 

The  Edison  Aledal  for  the  year  1911,  which  was  awarded  to 
Air.  George  \\'estinghouse  "for  meritorious  achievement  in  connec- 
tion with  the  development  of  the  alternating-current  system  for 
light  and  power,"  was  presented  to  i\Ir.  W'estinghouse  at  the  an- 
nual convention  of  the  Institute  held  in  Boston,  in  June. 

The  sections  and  branches  have  been  unusually  active.  One 
new  section  was  added  to  the  list  during  the  year,  known  as  the 
Indianapolis-Lafayette  Section.  Six  new  branches  have  been  or- 
ganized: The  University  of  California  Branch,  Clemson  College 
(S.  C.)  Branch,  Highland  Park  (Iowa)  Branch,  Lafayette  College 
(Pa.)  Branch,  University  of  Oklahoma  Branch,  and  the  University 
of  Virginia  Branch.  This  brings  the  total  number  of  local  organi- 
zations up  to  73,  including  both  the  sections  and  branches,  the  dis- 
tinction being  that  the  sections  are  composed  principally  of  mem- 
bers of  the  Institute  and  are  generally  located  in  large  cities, 
whereas  branches  are  organized  by  members  of  the  Institute  who 
are  professors  or  instructors  in  cDllegcs,  for  the  purpose  of  interest- 
ing the  students  in  the  work  of  the  Institute.  During  the  eleven 
months  covering  the  period  between  January  ist  and  December  ist, 
the  sections  of  the  Institute  have  held  213  meetings  and  the 
branches  270  meetings,  a  total  of  4S3. 

Regular  Institute  meetings  have  been  held  each  month  except 
during  the  summer,  in  New  York.  A  three  day  meeting  devoted  to 
the  subject  of  "Industrial  Power"  was  held  in  Pittsburgh  during 
the  last  week  in  April ;  a  Pacific  Coast  meeting  was  held  in  Port- 
land, Ore.,  during  the  same  month.  An  Institute  meeting  was  also 
held  in  Schenectady  on  May  17th.  At  all  of  these  meetings  tech- 
nical papers  were  presented  and  discussed. 

The  annual  convention  was  held  in  Boston  during  the  latter 
part  of  June,  with  an  attendance  of  about  960.     F"ifty-seven  tech- 
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nical  papers  upon  a  wide  variety  of  subjects  were  presented.  Ad- 
vantage was  taken  of  an  opportunity  to  cooperate  with  other  soci- 
eties by  holding  two  sessions  jointly  with  the  Illuminating  Engi- 
neering Society  and  the  Society  for  the  Promotion  of  Engineering 
Education,  at  which  subjects  of  interest  to  the  members  of  the  so- 
cieties concerned  were  discussed. 

Resolutions  looking  toward  needed  reforms  in  the  American 
patent  system,  prepared  by  President  Mershon,  were  adopted  by  the 
Board  of  Directors  on  November  8th,  with  the  approval  of  the 
Public  Policy  and  the  Patent  Committees.  These  resolutions, 
which  have  been  forwarded  to  the  members  of  the  House  and  Sen- 
ate Committees  on  Patents,  urge  the  suspension  of  action  on  all 
patent  bills  now  pending  and  the  appointment  of  a  commission 
made  up  of  unbiased,  independent,  non-partisan  men  of  national 
standing  to  investigate  the  American  patent  situation,  and  to  rec- 
ommend to  Congress  such  action  as  may  appear  best. 

The  Institute,  through  its  various  sections  and  otherwise,  has 
received  invitations  from  time  to  time  to  appoint  representatives 
to  attend  conferences  and  to  otherwise  participate  in  local  and  na- 
tional civic  affairs  embodying  engineering  features.  Under  the 
guidance  of  the  Public  Policy  Committee  the  Institute  has  accepted 
a  number  of  these  invitations  and  the  policy  of  bringing  the  influ- 
ence of  the  Institute  to  bear  upon  civic  problems  involving  the  in- 
terests of  the  profession  is  being  encouraged. 

The  close  of  the  year  finds  all  branches  of  the  Institute's  ac- 
tivities in  excellent  condition,  and  the  continuation  of  important 
work  is  assured.  For  the  first  time  in  the  history  of  the  Institute 
a  midwinter  convention  has  been  decided  upon,  to  be  held  at  the 
headquarters  of  the  Institute,  on  February  26-28,  1913,  under  the 
auspices  of  the  Standards  Committee.  This  meeting  will  be  devoted 
to  the  general  subject  of  the  rating  and  testing  of  electrical  machin- 
ery and  apparatus. 


THE  NATIONAL  ELECTRIC  LIGHT  ASSOCIATION 

F.  M.  TAIT 
President 

LOOKING  back  over  the  National  Electric  Light  Association's 
past  year  it  is  evident  that  the  work  done  and  future  pros- 
pects are  greater  than  ever  before.  The  Association's  mem- 
bership as  it  enters  the  year  1913  will  be  not  less  than  13000.  The 
expectation  of  the  Association  with  reference  to  the  growth  and 
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development  of  company,  geographic  and  state  sections  has  been 
more  than  fully  realized  and  several  large  company  sections  have 
been  formed  and  are  now  in  full  working  order,  the  Pacific  Gas  & 
Electric  Company  section  being  the  largest  addition  during  the  past 
year.  All  of  the  company  sections  have  had  a  good  year  and  report 
increasing  growth  and  interest  in  the  various  sections'  work. 

The  National  Electric  Light  Association's  lecture  bureau,  em- 
bracing no  less  than  twenty-six  separate  and  distinct  lectures  and 
papers  covering  all  branches  of  the  central  station  business,  has 
been  of  great  help  to  the  company  and  to  the  other  sections  during 
the  year.  These  lectures  have  attracted  considerable  attention  and 
it  is  confidently  expected  that  they  will  be  in  greater  demand  than 
ever  during  the  coming  year. 

The  Association's  monthly  Bulletin  has  been  greatly  enlarged 
and  its  scope  of  usefulness  considerably  enhanced  by  the  addition  of 
new  and  timely  matter  pertaining  to  the  central  station  business 
throughout  the  world,  and  particularly  in  the  United  States  and  Can- 
ada. This  Bulletin  is  filling  a  decided  place  in  the  regard  of  all  cen- 
tral stations  and  their  employees  and  its  regular  monthly  arrival  is 
awaited  with  eagerness.  A  marked  feature  of  the  Bulletin  is  the 
excellent  question  box  conducted,  and  the  high  quality  of  the  infor- 
mation contained  in  the  replies,  usually  from  the  leading  men  in  the 
industry,  makes  the  Bulletin  extremely  valuable. 

The  Public  Policy  Committee  of  the  Association  is  fulfilling  its 
mission,  and  the  scope  and  importance  of  the  work  done  and  in 
hand  for  future  consideraeion  is  extremely  large.  Municipal  own- 
ership and  its  allied  difficulties  are  receiving  careful  attention  and 
consideration  at  the  hands  of  this  committee.  General  welfare  con- 
ditions covering  the  central  station  business  is  being  carefully 
worked  out  and  the  experience  of  the  past  year's  cflforts  along  tiiis 
line  in  actual  practice  in  most  of  the  larger  companies  indicates  that 
the  proposition  is  working  out  very  well. 

The  various  committees  to  consider  all  branches  of  the  central 
station  business  have  been  appointed  ami  these  committees,  embrac- 
ing the  "flower  of  the  industry"  in  the  way  of  talent,  are  busily 
engaged  in  compiling  data,  working  up  reiwrts,  etc.,  to  be  presented 
at  the  next  annual  convention  which  will  be  held  in  Chicago,  111.. 
June  2  to  6,  1913. 

A  number  of  larger  sections,  such  as  the  ci')mmcrcial  and  hydro- 
electric transmission  section,  arc  working  along  the  most  advanced 
lines  in  their  respective  fields  and  by  means  "f  'Mimcrous  commit- 
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tees  and  sub-committees  hope  to  cover  the  entire  field  in  a  masterly 
way  in  their  respective  branches  of  the  central  station  business. 

The  Rate  Research  Committee  of  the  Association  has  been,  and 
is  nov^,  issuing  printed  weekly  bulletins  covering  various  data  relat- 
ing to  the  matter  of  rates,  etc.,  of  great  interest  to  the  Association's 
membership. 

Altogether,  the  Association  and  its  work  at  this  time,  as  it  en- 
ters the  new  year,  is  in  most  excellent  and  complete  shape  to  ac- 
complish the  greatest  possible  amount  of  good  for  the  general  mem- 
bership of  the  National  Electric  Light  Association  in  the  year  to 
come. 


NOTES  ON  POWER  GENERATING  AND  DISTRIBUTING 

APPARATUS 

E.  P.  DILLON 

DURING  the  year  1912  there  has  been  a  considerable  advance 
in  the  development  of  apparatus  and  equipment  for  power 
stations,  transmission  and  distribution  systems.  An  effort 
has  been  made  to  keep  up  with  the  increasing  demand  for  electrical 
apparatus  resulting  from  the  wonderful  growth  and  extensions  in 
the  use  and  application  of  electricity,  and  the  manufacturers  are 
consistently  working  not  only  to  keep  even  with  such  demands  but 
to  anticipate  requirements,  as  far  as  may  be  possible. 

In  power  house  equipment,  as  well  as  that  in  use  on  other  por- 
tions of  the  system,  the  tendency  has  been  towards  units  of  large 
capacity,  in  order  to  simplify  operation,  obtain  higher  economies 
and  reduce  first  cost.  Transmission  systems  are  covering  greater 
territory  each  year,  necessitating  increased  transmission  voltages, 
and  more  general  distribution  of  electrical  energy  from  a  common 
generating  source.  There  is  a  marked  tendency  to  combine  numer- 
ous systems,  resulting  in  the  o])eration  from  a  central  organization 
of  numerous  smaller  systems  of  a  great  diversity  of  character. 

During  the  year  numerous  hydro-electric  stations  have  been 
placed  under  construction  in  which  units  will  be  installed  ranging 
in  capacity  from  small  machines  to  machines  of  17  500  k.v.a..  Many 
stations  having  units  in  excess  of  10  000  k.v.a  in  capacity  are  now 
under  construction  and  several  in  operation.  The  immediate  future 
promises  to  bring  forth  units  of  even  greater  capacity  for  hydro- 
electric work.  These  machines  are  of  either  horizontal  or  vertical 
types,  covering  a  wide  range  of  speeds  required  for  a  variety  of 
conditions  encountered  in  various  hydro-electric  developments.     Im- 
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provements,  due  to  a  wide  experience,  have  been  made  in  mechan- 
ical construction,  ventilation  details  and  armature  construction, 
which  have  resulted  generally  in  relatively  cheaper,  more  ehicient 
and  more  reliable  units. 

GENERATING  STATIONS 
H.  D.  Stephens 

In  steam  practice  similar  progress  is  being  made.  Horizontal 
units  are  being  built  of  15000  and  20000  kilowatts  capacity  for 
speeds  of  i  800  r.p.m.  and  i  500  r.p.m.,  and  even  larger  high  speed 
units  are  contemplated.  Single  turbine  generators  of  30000  kilo- 
watts capacity  for  speeds  of  i  500  r.p.m.  or  i  200  r.p.m.  for  25 
cycle  and  60  cycle  service,  respectively,  are  a  possibility  of  the  near 
future.  Modifications  of  design  have  been  effected  whereby  the 
materials  used  are  not  stressed  materially  harder  than  in  smaller 
units. 

The  remarkable  extension  of  transmission  systems  in  general, 
resulting  in  the  tying  together  of  systems  of  a  variety  of  character- 
istics, has  developed  a  wide  field  for  the  application  of  frequency 
changers  where  two  systems  of  different  frequencies  are  operated 
together.  Such  apparatus  is  built  in  various  capacities  up  to  5  000 
kilowatts  or  larger. 

A  very  interesting  application  of  a  comparatively  recent  devel- 
opment is  the  use  of  synchronous  condensers  floating  on  transmis- 
sion systems  for  the  purpose  of  line  regulation.  An  interesting  ap- 
plication of  the  synchronous  condenser  for  transmission  line  regula- 
tion is  on  a  large  power  transmission  systetm  now  under  construc- 
tion where  synchronous  condensers  of  15000  k.v.a.  capacity  each 
will  be  operated  at  the  end  of  the  line  and  on  which  the  power- 
factor  will  be  automatically  varied  from  zero  leading  to  zero  lag- 
ging as  conditions  may  require. 

SUBSTATIONS 
C.  F.  Lloyd 
The  growth  of  power  systems  has  resulted  in  a  more  general 
application  of  substation  apparatus  for  electric  railway  properties, 
including  both  urlian  and  interurban  service,  due  t«  the  fact  that 
local  power  houses  are  being  superseded  by  large  central  generating 
stations  which  transmit  the  power  over  a  wide  area  by  alternating- 
current,  converting  through  rotary  converter  or  motor  generator 
substations  for  railway  work.  The  problem  of  increased  efficiency, 
simpler  operation  and  proper  application  to  the  service  required.  ha.s 
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been  carefully  studied  and  the  best  experience  and  judgment  fol- 
lowed on  this  apparatus. 

The  progress  in  railway  work  has  made  further  development 
of  rotary  converters  necessary  in  order  to  meet  new  operating  con- 
ditions, as  the  rotary  converter  is  becoming  generally  recognized 
as  the  proper  apparatus  for  converting  alternating  to  direct  current 
for  railway  work.  In  a  great  many  interurban  lines  the  load  factor 
is  very  low  and  at  certain  times  the  momentary  peak  loads  are  ex- 
tremely high  on  acount  of  the  necessity  of  starting  and  accelerating 
a  number  of  cars  at  the  same  time  from  a  given  substation.  This 
momentary  condition  would  ordinarily  require  rotary  converters 
of  much  larger  capacity  than  are  suited  for  normal  operating  serv- 
ice. To  meet  such  conditions  railway  rotary  converters  have  been 
developed,  having  a  momentary  over-load  capacity  of  300  percent 
of  normal.  The  application  of  commutating  poles  has  made  it  pos- 
sible to  meet  this  condition  with  a  very  little  increase  in  cost  over 
the  regular  non-commutating  pole  converter.  Commutating  poles 
have  also  been  incorporated  in  the  design  of  certain  machines  hav- 
ing a  momentary  200  percent  of  normal  load  rating  where  the  de- 
sign could  be  made  so  that  commutating  poles  could  be  used  to  ad- 
vantage. 

For  certain  rotary  converters  the  incorporation  of  commutating 
poles,  in  designs  where  the  output  per  pole  and  the  speed  cannot 
be  increased  over  that  which  is  now  very  successfully  used  for  non- 
oommutating  pole  rotaries,  has  not  been  attempted,  as  the  incorpo- 
ration of  commutating  poles  would  result  in  additional  cost  and  re- 
duction in  efficiency,  not  warranted  by  the  slight  extra  refinement 
resulting  from  their  use.  In  consequence  standard  rotary  convert- 
ers are  commonly  equipped  with  commutating  poles  only  in  the  25 
cycle  sizd  and  the  larger  60  cycle  units. 

The  use  of  i  200  and  i  500  volts  for  interurban  railway  work 
is  rapidly  advancing  in  favor,  and  tO'  meet  this  condition  25  cycle, 
I  500  volt  rotary  converters  of  the  commutating  pole  type  have 
been  developed.  For  60  cycle  service  two  unit  outfits  consisting  of 
two  600  volt  or  two  750  volt  converters  mounted  on  one  bed-plate 
and  operated  in  series  have  been  adopted. 

The  principal  new  development  in  motor-generator  sets  consists 
in  their  application  to  i  200  and  i  500  volt  railway  service.  These 
high  voltage  units  are  built  either  with  two  generators  in  series  or 
with  one  generator.  The  motors  driving  these  units  are  usually  of 
the  self-starting  synchronous  type  and,  where  conditions  warrant, 
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are  arranged  to  have  a  certain  condenser  capacity  for  improving 
power-factor  conditions. 

TRANSFORMERS 

H.  H.  Rudd 

The  great  distances  at  which  power  is  being  transmitted  have 
brought  about  the  development  of  apparatus  for  transmission  line 
equipment  for  higher  voltages  each  year.  There  are  plants  now 
building  and  transformers  have  been  constructed  for  150000  volt 
transmission. 

In  the  tieing  together  of  cities  and  towns  by  transmission  lines 
of  the  various  power  companies,  a  network  of  transmission  systems 
has  grown  up.  passing  through  many  communities  which  had  noc 
heretofore  enjoyed  the  advantage  of  electric  service.  One  of  the 
most  striking  developments  of  the  past  year  has  been  the  use  of 
small  capacity  installations  along  transmission  lines  of  various 
power  companies.  The  outdoor  transformer  and  switching  equip- 
ment recently  developed  contributes  in  a  great  measure  to  the  de- 
velopment of  a  small  community  or  a  farm  load. 

The  success  of  the  transmission  companies  naturally  depends 
on  their  ability  to  give  satisfactory  service.  There  have  been  a 
considerable  number  of  installations  in  which  transformers  have 
been  utilized  for  tie-in  work;  that  is,  so  that  one  transmission  com- 
pany could  supply  power  to  another  company,  in  case  of  interrup- 
tion to  the  service  of  either  one. 

The  development  of  the  oil-insulated  self-cooled  transformer 
for  very  large  sizes  has  been  a  factor  in  the  general  development 
work  of  transmission.  Transformers  of  the  self-cooling  type  are 
now  being  made  in  sizes  as  large  as  it  is  possible  to  transport  by 
railroad  shipment.  The  elimination  of  the  attendance  required, 
auxiliary  piping,  and  the  cost  of  water  has  made  many  an  installa- 
tion feasible  which  otherwise,  on  account  of  the  cost  of  operation, 
would  not  have  been  commercially  practicable. 

The  selection  of  three-i)hase  transformers  or  a  bank  of  single- 
phase  transformers  depends  largely  on  the  choice  of  purchaser. 
Opinion  is  very  closely  divided  on  this  point.  The  old  question  of 
transformers  for  connection  in  star  for  certain  line  voltage  as  against 
transformers  connected  in  delta)  is  still  an  unsettled  one.  The  gen- 
eral tendency,  however,  on  the  part  of  American  engineers  is  to- 
wards the  use  of  transformers  connected  in  star  for  the  transmis- 
sion voltage.  e.specially  if  this  voltage  is  very  high. 

A  verv  interesting  development,  or  phase  in  the  development 
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of  transformers,  is  the  acknowledgment  by  foreign  transmission 
companies  of  the  superiority  of  transformers  of  American  manu- 
facture. An  investigation  of  the  export  business  shows  that  Ameri- 
can made  transformers  are  being  used  for  by  far  the  greatest  part 
of  all  recent  high  voltage  installations  in  foreign  countries. 


PROGRESS  IN  DETAIL  AND  SUPPLY  APPARATUS 

G.   BREWER  GRIFFIN, 
Manager,  Detail  and  Supply  Department,  Westinghouse  Electric  &    Mfg.  Company 

THE  lines  of  electrical  apparatus  that  come  under  the  heading 
of  detail  and  supply  apparatus,  can  best  be  described  as 
those  not  embraced  in  power  motors,  generators,  railway 
equipments  and  turbines  or  transformers  of  over  lOO  kilowatts  ca- 
pacity. A  great  deal  of  this  class  of  material,  commonly  called  "sup- 
plies," is  used  by  the  central  stations  in  the  control  and  distribution 
of  energy,  in  addition  to  the  current  consuming  devices  used  by 
manufacturers  and  residence  customers.  The  growth  of  this  busi- 
ness, so  far  as  the  company  with  which  the  writer  is  connected,  is 
concerned,  has  been  remarkable  and  continuous.  Speaking  gener- 
ally, the  business  today  averages  in  monthly  net  sales  an  amount 
equivalent  to  approximately  four  times  the  net  annual  sales  of  1901. 
During  the  period  between  the  two  dates  there  has  naturally  been 
marked  improvement  in  the  small  devices,  as  well  as  a  considerable 
increase  in  the  lines  produced. 

In  analyzing  the  divisions  of  our  business,  attention  is  called  to 
some  of  the  principal  lines  of  product : — 

The  pressed  metal  type  of  fan  motor  in  the  eight  inch  size  was 
perfected  by  the  company  in  1908,  and  in  1912  an  entire  line  of 
desk  and  bracket  fans  of  this  type  were  placed  on  the  market,  the 
sales  of  which  were  very  large.  Fans  of  this  type  have  the  ad- 
vantage of  high  efficiency  in  air  output,  combined  with  low  current 
consumption  and  their  light  weight  makes  them  easily  handled. 
While  the  past  season  was  extremely  poor,  so  far  as  weather  con- 
ditions prevailing  throughout  the  United  States  was  concerned, 
business  in  this  line  was  up  to  the  normal. 

There  has  been  a  rapid  growth  in  the  use  of  heating  apparatus. 
Two  new  devices  have  just  been  added  to  the  line — namely,  a  "Cozy 
Glow,"  two-unit  luminous  radiator,  and  a  moderate  priced,  but 
highly  efficient  and  durable,  coffee  percolator. 

A  complete  line  of  insulating  material,  used  and  largely  made 
in  our  own  shops,  consisting  of  treated  cloths,  papers,  tapes,  solder- 
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ing  compounds  and  varnishes,  impregnating  materials,  enameled 
wires,  and  numerous  other  similar  products,  has  also  been  placed 
on  the  market. 

In  the  lighting  field  a  new  model  metallic  flame  arc  lamp  has 
been  developed,  as  well  as  a  new  flame  carbon  arc  lamp.  The  metal- 
lic flame  lamp  is,  of  course,  limited  in  its  application  to  street  light- 
ing almost  entirely,  although  some  of  them  have  been  used  with 
marked  success  for  indoor  lighting  on  multiple  circuits.  The  flame 
carbon  lamp  is  rapidly  coming  into  the  street  lighting  field  and  the 
tendency  for  the  coming  year  seems  to  be  an  increased  demand  for 
this  type  of  street  illumination.  This  type  of  lamp  has  been  de- 
veloped for  practically  all  the  commercial  circuits,  both  direct  and 
alternating  current,  and  naturally  meets  with  favor  where  large  in- 
teriors are  to  be  illuminated  at  a  moderate  expense  with  a  well- 
difl:'used  light.  The  new  lamp  is  not  over  34  inches  in  length  and 
has  a  carbon  life  of  about  125  hours.  The  street  series  tungsten 
lighting  system  is  still  popular  for  villages  or  where  the  ornamenta- 
tion of  streets  is  the  prime  factor  in  the  installation  of  the  lighting 
system. 

The  increased  popularity  of  the  electric  vehicle  has  naturally 
brought  about  a  demand  for  a  battery  charging  equipment  which  is 
self-contained  and  simply  operated.  This  demand  has  been  met  in 
a  very  satisfactory  manner  by  the  Cooper-Hewitt  system.  In  addi- 
tion, a  small  mercury  rectifier  outfit  has  been  developed  for  the 
charging  of  ignition  batteries ;  also  a  vibrating  type  of  rectifier  for 
the  same  purpose,  both  of  which  are  eminently  satisfactory,  the 
expense  of  operation  being  low  and  the  life  of  the  bulb  or  the  con- 
tacts being  extremely  long.  The  equipment  of  gasoline  vehicles 
with  electric  lighting  devices  has  increased  the  demand  for  these 
small  charging  equipments,  as  a  great  many  operators  of  cars  do 
not  run  them  a  sufficient  period  during  the  day  to  keep  the  battery 
fully  charged  from  the  car  generator,  and  it  is  desirable  from  time 
to  time  to  give  the  battery  a  gassing  charge  from  an  outside  source. 
These  little  rectifiers  are  ideal  for  this  purpose. 

With  reference  to  watthour  meters:  while  prices  in  the  market 
today  are  extremely  low,  the  same  high  degree  of  electrical  accuracy 
and  mechanical  excellence  has  been  maintained,  and  it  is  only  the 
tremendous  volume  of  production  that  enables  any  profit  whatever 
to  be  secured  by  the  manufacturer. 

During  the  past  year  a  complete  line  of  alternating  and  direct- 
current  seven-inch  round  pattern  switchboard  instruments  were  de- 
veloped  to   the  great  brtiefit   of  centml   stations,   in   that   the  scale 
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length  is  the  same  as  in  the  nine-inch  style,  so  that  the  readability  is 
unimpaired  and  a  higher  degree  of  electrical  accuracy  has  been  at- 
tained in  the  new  design.  The  floor  space  occupied  by  a  given 
switchboard  is  decreased  fully  twenty-five  percent  when  compared 
with  one  using  nine-inch  instruments,  with  a  corresponding  decrease 
in  the  cost  of  the  board,  which  is  thoroughly  appreciated  by  con- 
sulting engineers  and  central  station  men. 

With  reference  to  repairs  and  supplies,  our  company  has  en- 
deavored during  the  past  year  to  increase  its  service  facilities  to  its 
customers,  maintaining  service  departments  in  several  of  the  prin- 
cipal cities  in  the  United  States  with  a  trained  corps  of  men  to  give 
prompt  service  in  repairs,  erection  and  inspection  of  apparatus,  spar- 
ing neither  time  nor  expense  to  see  that  the  best  possible  attention 
is  given  customers,  believing  that  our  duty  does  not  cease  with  the 
sale  of  the  product  but  extends  over  the  field  of  application  and 
service, 

A  special  building  is  now  devoted  to  switchboard  work,  where 
the  shop  men,  mechanical  and  electrical  engineers,  order  clerks,  rec- 
ord men  and  sales  representatives  are  located  in  adjacent  offices, 
together  with  a  drafting-room  covering  the  requirements  of  this 
class  of  work,  so  that  the  most  careful  oversight  is  given  to  this 
business.  From  low  voltage  battery  panels  to  200  000  volt  control 
equipments,  the  department  is  thoroughly  equipped,  and  plans  so 
made  that  this  division  of  the  business  has  room  to  grow  around 
its  present  organization. 

Automatic  voltage  regulators  have  become  almost  a  necessity 
with  up-to-date  central  station  operators  who  desire  to  maintain 
constant  voltage  regulation  on  their  lighting  circuits.  There  has 
been  a  large  amount  of  business  in  apparatus  of  this  type  during 
the  past  year.  There  will  undoubtedly  be  a  considerable  increase 
during  the  coming  year. 

Each  year  the  more  modern  central  stations  are  giving  more  at- 
tention tO'  the  proper  lightning  protective  equipment  on  their  lines, 
looking  upon  the  investment  in  this  respect  as  a  good  insurance 
and  comparable  with  fire  protection  on  plant  and  buildings.  The 
electrolytic  type  of  lightning  arrester,  which  was  introduced  by  the 
company  some  years  ago,  continues  to  give  the  best  protection  ob- 
tainable for  high  tension  apparatus. 

A  great  many  other  classifications  of  apparatus  which  might 
be  termed  special,  and  which  are  at  least  variations  from  standard, 
have  been  developed,  but  the  lines  are  so  extensive  as  not  to  permit 
a  discussion  of  them  in  a  brief  review  of  this  kind. 


PROGRESS  IN  LARGE  GENERA  TORS  35 

PROGRESS  IN  THE  LARGER  GENERATORS  AND 
ROTARY  CONVERTERS 

F.   D.  NEWBURY 

PROGRESS  during  the  past  year  has  been  mainly  along  estab- 
lished lines  rather  than  along  new  lines.  As  an  illustration,  in 
191 1  gear  driven  direct-current  generators,  commutating 
pole  engine-driven  generators  and  commutating  pole  rotary  con- 
verters were  referred  to  for  the  first  time.  In  191 2  the  only  really 
new  development  has  been  the  application  of  the  booster  principle 
to  60  cycle  rotary  converters,  mentioned  as  a  probability  in  191 1, 
and  the  combination  of  the  booster  and  commutating  pole  principles 
to  both  25  and  60  cycle  rotary  converters. 

But  the  progress  in  established  lines  of  apparatus  has  been 
subsftantial.  In  the  gear  driven  direct-current  generators  a  number 
o^  3  750  kilowatt,  250  volt,  180  r.p.m.  machines  have  been  built. 
These  generators  were  small  enough,  in  spite  of  being  the  largest 
direct-current  machines  in  continuous  current  rating  ever  con- 
structed, to  be  completely  assembled  and  tested  under  full-load 
conditions  in  the  factory.  Previously  i  000  kilowatt  units  had 
been  the  largest  constructed. 

In  60  cycle  rotary  converters  the  use  of  commutating  poles, 
in  addition  to  improvements  in  design  proportions,  has  raised  the 
limit  from  i  cx)0  kilowatts  to  any  rating  demanded  by  the  market. 
A  number  of  i  500  and  2  000  kilowatt  commutating  pole  60  cycle 
units  have  been  built  during  the  past  year  and  contracts  have  re- 
cently been  taken  for  seven  2  500  kilowatt,  60  cycle,  500  volt  con- 
verters. 

The  epoch-making  Xew  York  Edison  converters  have  been  put 
in  successful  operation  during  19 12.  The  largest  of  these  machines 
has  a  rating  of  3  500  kilowatts,  25  cycles,  270  volts,  and  can  deliver 
13000  amperes  continuously  and  nearly  20000  amperes  for  two 
hours.  These  machines  are  not  only  unique  in  rating  but  in  tiie 
combination  of  the  booster  and  commutating  pole  constructions. 
This  combination  developed  several  new  and  interesting  problems 
which  have  been  successfully  solved. 

In  turbo-generators,  speeds  and  output  have  climbed  steadily 
upwards.  Some  of  the  highest  ratings  undertaken  during  191 2 
are  5  000  k.v.a.,  3  600  r.p.m. :  19000  k.v.a..  i  Sj^  r.p.m. ;  and  21  000 
k.v.a.,  I  500  r.p.m.  During  the  past  year,  the  position  of  mica  as 
the  most  satisfactory  insulation  for  the  high  temperatures  and  high 
static  strains  inevitable  in  the  larger  high  speed,  high  voltage  ma- 
chines, has  been  greatly  strengthened. 
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THE  YEAR  IN  INDUSTRIAL  ENGINEERING 


J.  M.  HIPPLE 


THE  past  year  has  been  a  notable  one  because  of  the  activity 
in  the  sale  and  application  of  electrical  apparatus  for  indus- 
trial purposes.  The  development  of  apparatus  for  specific 
applications  has  somewhat  overshadowed  the  development  of  com- 
plete lines  of  apparatus,  as  is  always  the  case  where  the  manufac- 
turers' facilities  are  taxed  in  producing  apparatus  to  fill  orders. 

There  have  been  an  unusually  large  number  of  large  alternat- 
ing-current motors  installed  in  steel  mills,  these  motors  with  their 
control  being  in  the  main  of  well  standardized  types.  One  installa- 
tion is  worthy  of  note  in  that  it  is  the  first  application  in  America 
of  electric  drive  to  a  reversing  blooming  mill.  This  equipment, 
which  is  being  installed  by  the  Steel  Company  of  Canada,  consists 
of  two  motors  capable  of  delivering  maximum  peaks  of  lo  ooo 
horse-power  at  70  r.p.m.  Power  is  supplied  to  the  motors  through 
a  separate  generator  and  the  motors  are  reversed  through  the  gen- 
erator field.  This  application  will  arouse  much  interest  among 
steel  mill  engineers  and  will  doubtless  be  the  forerunner  of  several 
similar  ones. 

Considerable  work  has  recently  been  done  toward  electrification 
in  the  logging  industry.  In  certain  localities  in  the  West,  cheap 
electrical  power  is  available  and  motors  have  been  used  to  some 
extent  both  in  the  handling  of  logs  and  to  drive  small  portable  saws. 
For  the  latter  work  a  specially  designedi  motor  has  been  developed, 
particular  attention  being  paid  to  low  weight  and  compactness. 
This  motor,  rated  at  one  horse-power,  3  600  r.p.m.,  has  a  weight 
of  approximately  45  lbs.,  complete  with  self-contained  reduction 
gearing. 

An  application  in  the  milling  industry,  illustrating  the  simplicity 
of  the  design  made  possible  by  the  use  of  electric  motors  is  that 
of  the  drive  of  attrition  mills,  for  grinding  grain  or  similar  uses. 
Two  motors  mounted  on  one  bedplate,  on  either  side  of  the  mill, 
revolve  in  opposite  directions  driving  the  two  revolving  parts  of  the 
mill,  thus  doing  away  with  the  necessity  for  the  use  of  belts  or 
gearing. 

The  importance  of  the  proper  design  and  selection  of  control 
apparatus  for  motors  is  being  more  fully  appreciated,  and  develop- 
ment work  in  this  line  has  been  very  active.  The  indications  of 
previous  years  have  been  fulfilled  in  the  demand  for  a  more  exten- 
sive use  of  automatic  control  features.     This  is  true  of  motors  of 
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small  as  well  as  large  horse-powers.  The  growing  use  of  very  large 
motors  has  necessitated  the  development  of  larger  control  units  and 
more  elaborate  control  schemes.  In  this  connection  automatically 
controlled  water  rheostats  have  been  used  extensively.  Machine 
tool  applications,  especially  planer  control,  are  becoming  more  ex- 
acting and,  in  addition  to  performing  the  automatic  or  semi-auto- 
matic operation,  it  is  now  necessary  for  the  controller  to  keep  the 
machine  up  to  an  basolute  maximum  of  output  as  well  as  to  have 
safety  features  to  protect  the  driven  machine  in  case  of  accident. 
One  of  the  prominent  improvements  in  this  line  has  been  the  devel- 
opment of  the  reverser  planer  motor  and  control. 

The  dominating  tendency  in  design  is  toward  simplification, 
doing  away  as  far  as  pc^ssible  with  extra  connections  and  making 
apparatus  easily  accessible  for  repair  and  for  renewal  of  wearing 
parts. 

One  of  the  most  interesting  developments  of  the  year  in  motor 
drive  has  been  the  sudden  growth  in  popularity  of  the  electric  motor 
for  cranking  gasoline  engines  on  automobiles.  Early  in  the  year 
there  w^as  some  doubt  as  to  how  extensively  the  electric  motor  would 
be  used  in  this  application.  Later  in  the  year,  however,  sentiment 
turned  strongly  in  favor  of  the  electric  starter  and  practically  all 
manufacturers  who  can  possibly  apply  an  electric  starter  to  their 
cars  are  doing  so.  The  positive  driving  of  the  engine  at  a  definite 
speed  for  as  long  as  required  for  starting  the  engine  makes  the  elec- 
tric starter  ideal  in  this  respect.  The  additional  weight  due  to  this 
starter  is  not  excessive.  A  motor  having  ample  power  to  start  an 
engine  of  average  size  has  been  developed  at  a  weight  of  approxi- 
mately ^=^  pounds,  the  nominal  rating  being  one-half  to  one  horse- 
power, depending  on  the  speed.  This  does  not  include  gears,  etc.. 
but  indicates  the  good  results  which  have  been  secured  in  this  re- 
spect by  skilled  design. 

The  close  of  the  year  is  bringing  forward  a  number  of  new 
projects,  most  of  which  indicate  very  forcibly  the  present  tendency 
toward  the  adoption  of  any  means  which  will  increase  the  output 
of  a  given  piece  of  machinery  or  factory.  Tiie  electric  drive  is 
responding  fully  to  these  increased  requirements  and  it  is  confidently 
believed  that  the  coming  year  will  witness  many  n>>t.ihl<'  i-c-rni.^mir 
achievements  in  industrial  lines. 
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THE  SMALL  MOTOR  FIELD 

BERNARD    LESTER 

NO  radical  departure  has  taken  place  during  the  year  of  1912 
in  connection  with  the  general  principles  of  design  employed 
in  small  alternating  and  direct-current  motors.  Marked 
progress  has,  however,  been  made  in  the  details  of  design  and  the 
process  of  manufacture  of  these  motors.  These  improvements  have 
resulted  in  the  production  of  motors  of  a  lighter  weight,  more  com- 
pact construction  and  more  reliable  operation.  A  comparison  of 
the  small  motor  of  today  with  that  which  was  standard  a  few  years 
ago  would  show  what  remarkable  progress  has  been  made  by  using 
materials  to  better  advantage.  Today  it  is  possible  to  obtain  small 
direct-current  motors  and  small  alternating-current,  split-phase  in- 
duction motors  which  are  of  the  same  general  dimensions,  rating 
for  rating,  and  which  may  be  used  interchangeably,  so  far  as  the 
principal  external  dimensions  are  concerned,  in  mounting  the  motor 
upon  the  driven  machine. 

The  single-phase  induction  motor,  employing  a  split-phase  wind- 
ing for  starting  purposes,  continues  to  be  the  standard  type  of  small 
motor  employed  upon  alternating-current  circuits.  Aside  from  the 
reduction  in  weight  and  size  of  the  motor,  those  features  which  have 
limited  its  use  in  years  past,  limited  starting  torque  and  the  use  of 
complicated  switch  and  clutch  mechanism,  have  largely  been  elim- 
inated. Due  to  improvements  in  design,  a  starting  torque  is  ob- 
tained upon  this  type  of  small  motor  when  equipped  without  cen- 
trifugal clutch,  of  sufficient  magnitude  to  take  care  of  the  starting 
condition  encountered  in  the  large  majority  of  small  motor  applica- 
tions. Improvements  in  the  design  of  the  centrifugal  clutch  have 
rendered  motors  so  equipped  thoroughly  reliable  for  use  where 
starting  conditions  are  severe. 

The  engineering  problems  involved  in  the  application  of  small 
motors  to  labor  saving  devices  are  now  analyzed  on  a  systematic 
basis.  The  old  "cut-and-try"  method  of  applying  motors  has  been 
discarded  and  the  applications  are  considered  very  largely  in  the 
same  way  as  the  application  of  larger  industrial  motors  to  such 
machines  as  elevators,  pumps,  compressors  or  machine  tools.  \x\ 
fact,  in  applying  small  motors  almost  every  conceivable  operat-- 
ing  condition  and  cycle  of  operations  is  encountered.  A  large 
amount  of  technical  information  gathered  upon  the  application  of 
small  motors  has  become  available  and  the  principles  involved  have 
been  checl^ed  up  bjl  the  results  Qf  §UQh  applications  in  the  field. 
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Although  there  is  an  increasing  diversity  of  uses  to  which  small 
motors  may  be  put,  the  demand  has  developed  more  during  the  last 
year  in  the  field  of  devices  for  the  home  and  for  the  office.  These 
have  centered  in  a  large  measure  around  washing  ma- 
chines, small  portable  vacuum  cleaners,  tabulating  machines,  dic- 
tating machines,  and  a  large  variety  of  mailing  or  duplicating 
machines  which  form  a  part  of  office  equipments.  The  increased 
use  of  motor-driven  machines  has  obviously  increased  the  output 
very  materially  and  in  turn  cheapened  the  cost  to  the  user. 

The  demand  for  standard  small  motors  from  the  electrical 
dealers  and  central  stations  is  becoming  more  stable.  In  short, 
small  motors  are  being  looked  upon  by  the  public  as  a  commercial 
article,  such  as  the  sewing  machine  or  garden  hose.  The  psycho- 
logical effect  of  the  use  of  power  in  small  units  is  one  which  is 
seldom  borne  in  mind,  probably  on  account  of  the  fact  that  it  has 
come  upon  us  so  recently.  One  fact  is  noticeable,  almost  univer- 
sally, in  connection  with  small  motor  applications,  and  that  is  that 
they  are  used  for  labor  saving  devices,  which  come  in  the  class  of 
necessities,  rather  than  pleasure-producing  devices,  which  come  in 
the  class  of  luxuries.  The  fact  that  the  individual  in  his  daily 
routine  is  spending  less  and  less  of  his  time  in  actual  routine  work 
and  more  of  his  time  in  actual  mind  work,  or  diversion,  compen- 
sates in  a  measure  at  least  for  the  increased  demand  on  the  services 
of  the  individual.  In  short,  the  efforts  in  the  small  motor  field, 
although  carried  out  on  a  commercial  basis,  have  largely  resulted 
in  increasing  the  amount  of  useful  energy  expended  by  individuals 
in  civilized  communities.  Wo.  seldom  stop  to  analyze  the  amount 
of  physical  energy  expended  by  the  individual  which  might  as  well 
be  furnished  by  a  small  motor  at  very  much  reduced  cost.  Experi- 
ments show  that  a  man  can  produce,  say,  from  one-tenth  to  one- 
eighth  horse-power.  The  expense  of  operating  a  motor  of  this 
rating,  including  cost  of  current,  depreciation,  etc.,  will  only  total 
a  few  cents  a  day. 


THE  MINING  FIELD 

W.  A.  THOMAS 

IN  the  mining  field  probably  the  most  imimrtant  advance  as  re- 
gards the  use  of  electricity  has  been  the  remarkable  increase 
in  the  activity  of  central  stations  in  supplying  power  to  coal 
mines.  Not  only  have  existing  central  stations  contracted  for  large 
amounts  of  power  for  this  purpose,  but  large  conijianies  have  been 
developed  almost  exclusively  for  the  serving  of  power  to  coal  min- 
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ing  operations.  Out  of  this  has  grown  another  development  in  the 
appHcation  of  heavy  shaft  hoisting  in  coal  mines,  as  heavy  electrical 
hoists  have  heretofore  been  used  almost  exclusively  in  metal  mines, 
where  fuel  has  been;  comparatively  high  in  cost.  With  central  sta- 
tion power,  however,  the  situation  is  very  different  in  that  the  min- 
ing company  does  not  have  to  purchase  the  necessary  power  house 
equipment  for  electric  hoists,  which  in  an  isolated  plant  makes  the 
use  of  heavy  electric  hoisting  almost  prohibitive  on  account  of  the 
interest  and  investment  feature  and  the  small  amount  of  energy  con- 
sumed in  power  as  compared  with  the  capacity  of  isolated  plant 
necessary. 

Another  important  development  is  a  greater  use  of  electrically- 
driven  air  compressors  in  metal  mines,  of  w'hich  a  large  number 
have  been  installed  with  direct-coupled  slow  speed  motors. 

In  the  construction  of  mine  locomotives  the  cast  bar  steel  frame 
has  become  very  popular,  and  operators  are  even  insisting  upon  this 
construction  in  the  heavier  locomotives,  where  the  advantages  are 
not  so  important  on  account  of  the  greater  proportion  of  weight 
in  the  frame  itself,  which  ordinarily  gives  sufficient  strength  in  cast 
iron.  Notwithstanding  the  large  number  of  these  locomotives  in- 
stalled, there  has  been  no  report  of  failure  of  these  frames. 

The  commutating  pole  motor  has  likewise  become  exceedingly 
popular,  as  this  feature  is  particularly  beneficial  in  this  service, 
where  the  electrical  equipment  suffers  extremely  heavy  overloads 
at  times  and  where  the  care  and  inspection  given  to  the  equipment 
are  a  minimum. 


MOTOR-DRIVEN    CENTRIFUGAL   PUMPS 

W.  F.  PATTON,  Jr. 

ONE  of  the  most  noticeable  recent  developments  in  the  design 
of  centrifugal  pumping  machinery  has  been  the  trend  to- 
ward higher  speed.  Many  of  the  electrical  manufacturers 
are  carrying  on  experiments  and  each  trying  to  outdo  the  other  in 
satisfying  the  pump  builders'  demands.  Quite  naturally  the  pump 
builders  will  desire  higher  speeds  because  it  means  reducing  the 
number  of  stages  on  their  centrifugal  pumps  and  in  this  way  re- 
ducing the  first  cost.  By  the  use  of  higher  speeds,  higher  efficiency 
can  also  be  obtained.  It  is  not  difficult  to  obtain  high  speeds  with 
alternating-current  motors  and  steam  turbines,  but  on  account  of 
commutation  this  becomes  a  more  difficult  problem  with  direct-cur- 
rent motors. 

Several  municipal  pumping  plants  throughout  tbe  country  have 
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installed  self-startingl  synchronous  motors  for  pumping  service. 
The  chief  advantage  of  using  this  type  of  motor  is  the  power-factor 
corrective  effect  and  the  pumping  load  is  ideal  for  this  feature  inas- 
much as  the  load  is  usually  steady  and  constant.  A  careful  study 
of  the  torque  requirements  at  starting  is  most  desirable  to  insure 
the  best  application  of  this  type  of  motor  for  pump  drive. 

The  self-starting  direct-current  motor  is  still  increasing  in  pop- 
ularity throughout  the  mining  regions,  this  motor  being  especially 
designed  so  that  it  can  be  connected  across  the  line  without  the  use 
of  a  starter.  These  motors  can  be  applied  to  any  centrifugal  type 
of  machine,  but  are  most  generally  used  for  mine  pumping.  They 
can  be  placed  at  remote  distances  from  the  power  plant  and  can 
be  started  by  simply  closing  the  circuit  breaker.  While  this  type 
of  motor  is  most  popular  with  mining  companies,  it  can  be  applied 
to  almost  any  service  where  the  conditions  are  thorougbly  known, 
and  it  is  a  noteworthy  fact  that  one  coal  company  alone  has  pur- 
chased over  two  hundred  motors  of  this  type,  showing  conclusively 
that  these  motors  are  giving  satisfactory  service. 

Owing  to  the  low-head,  the  centrifugal  pump  has  many  ad- 
vantages for  dry  dock  pumping,  and  it  is  probable  that  electric- 
ally operated  dry  docks  will  become  still  more  popular.  One  of  the 
most  recent  installations  in  New  York  state  included  twelve  loo 
horse-power  motors  to  be  used  with  a  pontoon  dock.  An  electrically 
equipped  dry  dock  is  very  flexible  in  operation  and,  inasmuch  as  the 
operator  has  complete  control  of  each  unit,  great  saving  in  expense 
over  the  steam-driven  dock  is  possible,  particularly  when  only  a 
part  of  the  dock  equipment  is  in  use  at  one  time. 

In  the  irrigating  field  the  centrifugal  pump  is  deservedly  pop- 
ular. The  farmers  in  the  irrigating  districts  are  unquestionably  in 
favor  of  electric  motor  drive  where  power  can  be  purchased,  and 
in  those  districts  where  power  lines  have  been  extended  the  electric 
motor  is  usually  the  one  type  of  drive  that  the  farmer  will  consider. 
The  squirrel-cage  motor  continues  to  be  the  most  popular  type  for 
this  class  of  service.  As  it  has  satisfactory  starting  characteristics 
and  as  constant  speed  is  usually  required,  its  simplicity  and  relia- 
bility offer  strong  arguments  in  its  favor.  Progressive  central 
power  stations  have  shown  very  much  interest  in  this  class  of  serv- 
ice and  are  investigating  thoroughly  their  undeveloped  fields  so  as 
to  extend  the  power  lines  for  loads  of  this  nature.  With  proper 
water  storage  facilities  pumping  can  be  done  at  times  to  suit  the 
power  stations  and  in  thi'^  wav  increa'^e  their  ]>x\<\  :<f  off  po.nk 
periods. 
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ENGINEERING  DEVELOPMENTS  IN  DETAIL 

APPARATUS 

T.  S.  PERKINS 

IN  looking  back  upon  the  year  1912  with  a  view  of  defining  the 
marked  tendencies  and  the  progress  made,  we  are  confronted  by 
the  difficuhy  that  an  attempt  to  full  enumerate  the  developments 
would  require  a  statement  as  to  practically  every  important  piece 
of  detail  apparatus  made.  Stimulated  by  the  requirements  of  a 
broadened  market  and  greatly  increased  demand,  new  developments 
and  improvements  in  design  have  been  very  rapid.  The  fundamen- 
tal tendency  has  been  to  maintain  and  improve  quality  despite  strong 
demands  for  lower  costs. 

The  Lighting  Field — The  flame  carbon  arc  lamp  has  been  made 
a  commercial  success  with  the  result  that  larger  lighting  units  are 
now  available;  the  cost  of  illumination  has  been  reduced,  and  the 
performance  has  been  made  more  reliable.  With  the  continued 
business  prosperity,  the  municipalities  and  smaller  towns  have  been 
able  to  avail  themselves  of  the  later  developments  in  the  lighting 
field,  with  the  result  that  there  has  been  a  country-wide  movement 
toward  the  installation  of  better  lighting  equipment.  Merchants' 
organizations  and  independent  organizations  have  in  many  cases 
hastened  the  advent  of  the  latest  lighting  devices.  A  marked  result 
of  this  is  the  multiplication  of  the  so-called  "White  Ways,"  which 
have  generally  proven  a  good  investment,  financially  as  well  as  in 
other  ways,  for  the  community  where  they  have  been  installed.  The 
long  life,  high  candle-power  flame  carbon  arc  lamp,  while  one  of  the 
most  important  means  of  securing  increased  illumination,  has  by  no 
means  monopolized  the  field  in  the  development  of  illuminating  en- 
gineering. The  metallic  flame  lamps  have  played  an  important  part, 
and  in  the  smaller  towns  and  in  the  outskirts  of  the  larger  cities 
the  series  tungsten  incandescent  lamp  has  had  its  share  in  the  in- 
creased illumination.  In  the  field  of  tungsten  lighting  the  reflectors 
and  associated  apparatus  have  been  improved  and  cheapened.  This, 
together  with  the  high'  efficiency  of  the  tungsten  incandescent  light, 
makes  this  means  of  illumination  one  of  the  most  satisfactory  for 
the  smaller  towns  and  suburban  districts. 

Heating  Apparatus — The  field  for  electric  cooking  and  heating 
apparatus  continues  to  extend  and  broaden,  as  there  is  a  continual 
increase  in  their  application  for  both  industrial  and  household  uses.  ^ 
As  electric  cooking  has  become  more  common,  a  demand  has  arisen 
for  cheaper  grades  of  utensils  possessing  a  plain  but  serviceable 
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finish,  rather  than  the  elaborate  designs  which  were  first  produced. 
This  wider  demand  also  calls  for  apparatus  which  is  somewhat 
more  fool-proof  in  construction,  as  the  average  electric  cooking  uten- 
sil requires,  even  at  the  present  time,  more  careful  operation  than 
is  the  case  with  the  corresponding  gas  heated  article. 

The  industrial  applications  of  electric  heating  continue  to  extend. 
Electrically  heated  bake  ovens,  and  linotype  and  monotype  printing 
fMDts  are  among  the  latest  applications,  and  it  would  seem  to  be  only 
a  question  of  overcoming  the  conservatism  of  the  operators  of  a 
large  variety  of  industrial  apparatus  before  the  use  of  electricity  for 
special  heating  purposes  becomes  widely  adopted. 

Rectifiers — There  has  been  a  great  expansion  in  the  use  of 
electric  vehicles,  and  this  has  caused  a  proportionately  large  demand 
for  battery  charging  rectifiers.  The  marked  tendency  to  use  larger 
batteries  than  in  former  years,  especially  in  large  trucks  and  other 
commercial  vehicles  which  are  now  becoming  common,  has 
resulted  in  a  demand  for  the  larger  sizes  of  rectifiers  and 
has  brought  the  50  ampere  capacity  into  increased  importance. 
The  designs  now  in  use  have  proved  so  satisfactory  that  the  efforts 
during  the  past  year  have  been  directed  mostly  toward  refinement 
of  details  and  reduction  of  costs  rather  than  to  the  production  of 
new  designs.  The  one  radically  new  feature  of  the  year  has  been 
the  appearance  of  the  vibrating  type  of  rectifier.  So  far,  this  is 
available  only  in  small  sizes  suitable  for  charging  the  ignition  batter- 
ies used  on  gasoline  automobiles,  but  the  wide  introduction  of  elec- 
tric lighting  on  motor  cars  recently  has  created  a  very  large  field 
for  small  rectifiers  for  which  the  vibrating  type  is  especially  suited. 

Lightning  Protective  Apparatus — The  past  year  has  been  a  very 
active  one  in  lighting  protective  apparatus  of  all  kinds.  For  the 
lower  voltage  and  lower  powered  lines,  the  older  shunted  spark-gap 
types  continue  popular  and  successful ;  while  for  the  higher  voltages 
and  large  powered  installations  the  electrolytic  arrester  is  used  al- 
most exclusively.  This  latter  type  is  now  a  perfected  device  of  great 
erectiveness  and  reliability,  especially  since  most  operators  have  be- 
come familiar  with  it  and  have  been  converted  to  the  practice  of 
daily  charging.  The  developments  of  the  past  year  have  been  mostly 
in  the  line  of  refinements  in  design,  leading  to  reductions  in  size, 
weight  and  cost,  and  at  tiie  same  time  improvement  in  quality. 
There  has.  however,  been  a  large  demand  for  electrolytic  arresters 
for  very  high  voltages,  and  arresters  for  no  000  volts  are  now  not 
uncommon,  while  arresters  are  under  construction  for  165  000  volts^ 
the  highest  voltage  yet  employed  commercially. 
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Fan  Motors — The  past  season  was  marked  by  the  advent  of 
the  drawn  steel  construction  for  fan  motors,  greatly  reducing  the 
weight  and  improving  the  appearance.  A  tendency  was  noted  to- 
wards designs  of  lower  speed  fans  for  residence  use,  with  their 
resultant  quieter  operation. 

Ozonizers — The  portable  ozonizer,  one  of  the  new  lines  of  ap- 
paratus, is  increasing  in  popularity,  which  should  materially  add 
to  the  growing  uses  of  electricity  in  offices,  dwellings  and  public 
places.  So  many  useful  applications  of  ozone  have  been  discovered 
that  the  coming  year  will  see  greater  development  along  this  line. 

Resistors — Greater  efficiency  and  increased  refinement  of  oper- 
ating conditions,  safeguards  for  the  operator,  greater  regard  for 
appearance,  and  redesign  for  decreased  costs  characterize  the  de- 
velopment of  rheostats.  Finer  regulation  is  being  demanded  by 
central  stations,  together  with  better  appearance,  and  all  field  rhe- 
ostats are  now  being  made  with  an  increased  number  of  steps  and 
more  particular  regard  for  the  exact  operating  conditions. 

Measuring  Instruments — The  low-priced  watt-hour  meters 
placed  upon  the  market  the  year  previous  were  of  limited  applica- 
tion, as  they  were  made  for  low  capacity  and  60  cycle  service  only. 
The  year  1912  has  seen  these  lines  extended  to  cover  all  commer- 
cial frequencies  and  capacities. 

An  interesting  new  line  of  portable  meters  has  been  developed, 
based  upon  the  moving  coil  principle,  distinguished  by  very  light 
movements  and  completely  shielded  against  external  fields.  A  line 
of  low-priced,  small  size  portable  and  switchboard  graphic  meters 
has  been  perfected.  These  operate  upon  the  solenoid  and  iron-core 
principle  and  have  a  continuous  straight  paper  chart,  instead  of  the 
circular  charts  used  with  the  previous  cheaper  graphic  meters.  The 
die  casting  process  has  been  applied  to  pole-piece  construction  of  per- 
manent magnet  indicating  instruments,  making  possible  the  design  of 
highest  grade  meters  at  a  very  low  cost,  mounted  in  very  small  cases 
for  use  in  connection  with  automobile  starting,  ignition  and  lighting 
outfit  work.  There  has  been  further  development  in  the  seven-inch 
type  of  switchboard  indicating  instruments  first  introduced  the  year 
before.  The  present  demand  for  these  meters  exceeds  that  of  .any 
other  size.  They  have  been  adopted  as  standard  for  many  new 
switchboard  designs,  as  they  occupy  practically  half  the  space  of  the 
previous  nine-inch,  round-type  meters  and  result  in  more  compact 
switchboards.  Vertical  edgewise  meters,  due  to  their  curved  scales 
vvhich  are  read  with  difficulty,  are  less  in  favor,  except  for  extensions 
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to  previous  installations.  Meters  with  black  dials  and  white  figures 
and  pointers  are  being  used  extensively,  particularly  where  good 
readabilitv  under  conditions  of  artificial  illumination  is  desirable. 


THE  IRON  AND  STEEL  INDUSTRY 

BRENT  WILEY 

DURING  the  past  year  there  has  been  practically  a  universal 
endorsement  of  the  commutating  pole,  direct-current  motor, 
including  various  classes  of  industries  but  more  espe- 
cially the  iron  and  steel  industries.  Many  improvements  in  the  me- 
chanical features,  such  as  frames,  bearings  and  shafts,  insulation, 
types  of  winding,  etc.,  have  been  devised,  but  the  commutating  pole 
is  one  of  the  most  important  improvements.  At  the  present  time 
this  feature  is  incorporated  in  motors  for  machine  tool  drives  and 
similar  applications,  and  for  the  more  severe  classes  of  intermittent 
service,  such  as  street  railway  and  steel  mill  applications  where 
the  work  is  of  a  widely  varying  and  often  of  a  reversing  nature. 
In  machine  shop  work  the  commutating  pole  motor  is  capable  of 
wide  ranges  of  speed  variations  with  heavy  overloads,  and  the  inter- 
mittent rated  motor  gives  greatly  improved  commutation  through 
a  wide  range  of  load  conditions  which,  as  a  rule,  include  high  accel- 
erating peak  loads  and  even  higher  loads  during  reversing  for 
crane  and  general  mill  service. 

The  use  of  commutating  poles  results  in  greater  continuity  of 
service,  less  supervision  of  apparatus  and,  in  many  cases,  increased 
working  capacity  of  machinery.  The  net  result  is  increased  plant 
efficiency  and,  in  addition,  there  is  much  to  be  gained  by  the  inci- 
dental advantages  which  become  more  definitely  established  as  the 
user's  experience  with  this  design  of  motor  is  increased. 

A  number  of  new  steel  mills  have  been  started  during  the  last 
several  months  and,  in  almost  every  case,  electric  drive  has  been 
considered  for  the  main  rolls.  In  many  cases  it  has  been  adopted 
in  preference  to  steam  engine  drive.  The  larger  steel  companies 
have  existing  electric  power  jilants  which  deliver  power  at  a  cheaper 
rate  than  steam  power  can  be  generated  for  an  isolated  mill  engine, 
the  advantages  being  obtained  by  the  use  of  gas  engine  or  turbine 
drive.  In  the  latter  case  the  plants  may  include  low-pressure  steam 
turbines,  using  exhaiist  steam  from  existing  mill  or  power  engines, 
or  may  include  turbines  using  steam  from  the  blast  furnace  plant, 
where  steam  can  be  generated  very  economically  by  burning  blast 
furnace  gas  under  the  boilers. 
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The  water  power  companies  and  central  station  companies  are 
fast  realizing  the  mutual  advantages  which  contracts  with  the  vari- 
ous steel  plants  afford.  During  the  past  five  years  there  have  been 
approximately  140  000  horse-power  in  main  roll  motors  installed  in 
the  United  States,  including  about  75  units.  The  results  obtained 
by  the  motor  operated  plants  have  been  carefully  analyzed  and  the 
operating  conditions  and  requirements  definitely  established.  This 
is  a  decided  point  of  advantage  offered  by  motor  drive  as  compared 
with  steam  engine  drive,  for  accurate  records  over  long  periods  of 
operation  can  easily  be  obtained. 

With  the  conditions  outlined,  the  power  companies  have  a  defi- 
nite basis  on  which  to  establish  their  proposals,  and  they  are  finding 
that  in  a  majority  of  cases  they  can  well  afford  to  make  a  rate  for 
power  which  is  advantageous  to  the  steel  plants.  Included  in  these 
advantages  are  the  following  points : — 

The  rate  is  advantageous  to  the  customer. 

The  first  cost  of  steel  plants  with  motor  drive  is  cheaper. 

The  depreciation  charge  on  power  apparatus  is  greatly  reduced. 

The  up-keep  charge  on  the  mills  is  less. 

The  operator  is  relieved  of  the  supervision  of  an  adjunct  to 
his  business. 

The  reliability  of  the  service  is  greater  than  with  the  isolated 
power  plant. 

The  reliability  and  many  incidental  advantages  of  motor  drive 
for  steel  mills  are  well  established,  and  it  has  received  the  indorse- 
ment of  many  prominent  steel  mill  engineers.  The  first  and  prac- 
tically only  question  regarding  the  majority  of  the  applications  is 
"cheap  electric  power"  and,  as  the  central  stations  are  doing  much 
to  solve  this  question,  it  is  safe  to  predict  that  motor  drivd  will  be- 
come more  universally  adopted  ini  steel  mills,  even  for  the  more 
severe  classes  of  service,  such  as  reversing  mills,  etc. 

Hydraulic  power  as  used  in' steel  plants  has  many  disadvantages, 
especially  in  cold  weather,  when  the  difficulty  of  preventing  freezing 
reciuires  great  precaution  and  extra  expense.  Motor  drive  is  super- 
ceding hydraulic  drive  in  many  of  the  applications.  A  practice 
which  is  becoming  quite  general,  is  the  use  of  motors  for  lifting  the 
doors  of  the  open  hearth  furnaces.  The  mechanical  features  are 
simple  and  a  practical  design  is  to  make  a  separate  a,nd  complete 
unit,  including  motor,  control,  gearing,  etc.,  for  each  door. 

Several  coal  dock  equipments  have  been  installed  during  the 
past  year  at\d  though  ste^m  operated  rigs  were  estimated  on  origin,-- 
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ally,  the  majority  of  the  plants  will  be  motor  operated  throughout. 
Power  will  be  furnished  by  central  station  companies.  As  com- 
pared with  steam  drive,  the  first  cost  of  the  dock  equipment  is  less, 
and  the  operating  costs  are  much  less. 


THE  ELECTRIC  VEHICLE 

BERNARD  LESTER 

AT  the  beginning  of  19 12  those  familiar  with  electric  vehicle 
progress  looked  for  the  greatest  advances  in  the  field  of 
commercial  electric  trucks.  On  the  contrary,  although  the 
use  of  electric  trucks  has  advanced  in  an  almost  remarkable  degree, 
the  progress  of  electric  pleasure  vehicles  has  attracted  greater  at- 
tention on  the  part  of  the  public.  As  to  types  of  construction,  the 
coupe  body  continues  to  be  by  far  the  most  popular  for  the  electric 
pleasure  vehicle.  The  electric  coupe  of  a  few  years  ago  has  been 
transformed  from  a  lofty  box-like  conveyance  with  short  wheel 
base,  into  a  low.  roomy,  smooth  running  car.  The  entire  appear- 
ance has  been  changed  and  the  electric  coupe  of  today  is  one  of  the 
most  attractive  and  comfortable  conveyances  to  be  found. 

Certain  distinct  features  are  responsible  for  the  increased  suc- 
cess of  the  electric  pleasure  vehicle : — 

I — Improved  operating  characteristics  of  the  car  as  a  reliable 
transportation  agent.  This  has  been  brought  about  largely  by  im- 
provements in  the  motor,  controller,  battery  and  method  of  trans- 
mitting the  power  to  the  drive  axle.  The  improvements  in  details 
of  motor  constructidii  have  been  characterized  by  increased  efti- 
ciency,  quieter  operation,  more  rugged  construction,  combined  with 
lighter  weight.  Chain  drive  has  largely  been  replaced  by  some  form 
of  gear  drive,  with  which  the  motor  is  either  mounted  rigidly  on 
the  rear  axle  or  suspended  from  the  chassis  and  connected  to  the 
rear  axle  by  a  jointed  shaft. 

2 — A  marked  improvement  in  the  constructi(^n  of  the  chassis 
and  body  of  the  car.  This  has  led  to  a  greatly  improved  appear- 
ance, convenience  in  getting  into  and  out  of  the  car.  and  added  com- 
fort while  riding.  The  modern  electric  is  invariably  beautifully  up- 
holstered and  highly  finished. 

3 — Imjiroved  facilities  for  taking  care  of  the  electric  car.  1  he 
number  of  garages  which  are  in  a  j^osition  to  supply  the  needs  of 
the  electric  is  constantlv  being  increased.  The  contra!  station  inter- 
ests, too.  are  establishing  charging  ]u>ints.  not  only  in  the  down- 
town    districts     but     also     in     the     suburban    districts.     Charging 


48  THE  ELECTRIC  JOURNAL 

equipments  suitable  for  the  individual  private  garage,  which  are 
both  inexpensively  maintained  and  simply  operated,  have  greatly 
eliminated  objections  which  have  been  made  against  the  use  of  the 
electric.  These  factors,  combined  with  the  fact  that  due  to  im- 
proved construction,  the  electric  of  today  has  a  much  larger  field 
of  operation  than  formerly,  have  greatly  reduced  the  trouble  and 
expense  of  maintenance. 

The  objections  which  have  often  been  raised  against  the  elec- 
tric car,  i.  e.,  limited  capacity,  as  to  speed  and  range  of  travel,  are  to 
a  large  measure  being  eliminated.  The  electric  is  not  a  complete 
competitor  of  the  gasoline  car,  nor  is  the  gasoline  car  a  complete 
competitor  of  the  electric.  The  electric  is  not,  and  perhaps  never 
will  be,  a  touring  car,  but  as  a  serviceable  city  and  suburban  car 
it  has  many  points  of  advantage.  Fortunately,  the  manufacturers 
of  these  cars  are  realizing  that  record  tours  with  the  electric  mean 
little,  and  place  this  type  of  car  in  an  entirely  wrong  light  before 
the  public.  The  speed  craze  has  naturally  brought  about  legisla- 
tion against  high  speed  in  residence  and  city  districts.  The  electric 
vehicle  will  invariably  be  found  capable  of  equaling  or  exceeding 
the  legitimate  speed  limit,  and  in  crowded  and  congested  districts 
the  thoroughly  simple  manner  in  which  the  electric  is  controlled 
gives  it  a  distinct  advantage. 

Activity  in  the  field  of  commercial  electric  vehicles  continues 
to  grow  at  a  remarkable  rate.  One  factor  that  is  particularly  no- 
ticeable is  that  the  large  companies,  such  as  wholesalers,  depart- 
ment stores,  express  companies,  etc.,  who  have  tried  out  electric 
trucks  in  individual  cases  are  employing  them  now  in  large  fleets. 
The  difficulties  in  obtaining  reliable  operators  and  intelligent  su- 
pervision are  being  overcome  by  the  rapid  accumulation  of  a  laj-ge 
amount  of  data  pertaining  to  the  operation  of  electric  vehicles, 
which  is  being  disseminated  by  manufacturers  and  central  station 
interests. 

The  electric  vehicle  business  as  a  whole  is  being  greatly  helped 
by  the  increased  cooperation  between  the  three  large  interests  which 
derive  profit  fromi  this  field,  i.  e.,  the  manufacturers  of  the  electric 
vehicle,  the  manufacturers  of  its  component  parts,  and  the  central 
stations  interests  who  supply  the  power.  The  Electric  Vehicle  As- 
sociation of  America  and  several  of  the  largest  central  power  sta- 
tions have  also  done  a  great  deal  along  broad  publicity  lines  to  pro- 
mote the  use  of  electric  vehicles. 
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PROGRESS  IN  RAILWAY  CONTROL  APPARATUS 

G.  M.  EATON 

DURING  the  year  1912  there  has  been  a  notable  increase  in 
the  use  of  indirect  control  on  small  cars,  even  where  multi- 
ple-unit operation  was  not  contemplated.  The  excellent  re- 
sults obtained  from  control  of  this  type  during  1910  and  191 1,  led 
to  this  wider  application  in  1912.  The  closing  of  a  year's  operation 
for  fifty  equipments  of  this  control  on  one  of  the  largest  city  sys- 
tems showed  remarkable  results  with  respect  to  reliability  and  low 
cost  of  maintenance.  The  year  is  noticeable  also  for  the  first  appli- 
cation of  field  control  to  cars,  to  any  considerable  extent.  This  con- 
trol was  tried  out  on  the  Pennsylvania  locomotives  and  on  a  few 
sample  car  equipments,  but  it  was  not  until  19 12  that  considerable 
numbers  of  equipments,  including  this  feature,  were  put  in  service. 
The  widespread  adoption  of  commutating  pole  motors  has  also  been 
noteworthy.  As  a  part  of  this  extended  use  of  the  field  control 
principle,  a  drum  type  controller  for  operating  commutating-pole 
motors  in  this  way  has  been  developed. 

The  first  large  installation  of  automatic  unit-switch  control 
using  trolley  power,  was  completed  during  the  year  and  put  in  serv- 
ice in  the  Cambridge  Subway. 

In  the  field  of  single-phase  equipments,  the  year  has  seen  the 
beginning  of  operation  of  the  New  York,  Westchester  &  Boston 
system,  the  largest  single-phase  motor  car  installation  which  has 
ever  been  undertaken.  This  road  employs  a  simplified  type  of  con- 
trol, using  only  seven  switches  for  handling  double  equipments  of 
170  horse-power  motors  with  automatic  acceleration,  which  aft'ords 
the  simplest  system  of  controlling  motors  of  this  output  which  has 
ever  been  produced. 

For  use  on  i  200  and  i  500  volt  equipments,  with  occasional  op- 
eration on  600  volts,  a  combined  unit  for  supplying  high  pressure 
compressed  air  for  the  brakes,  low  pressure  air  for  forced  ventila- 
tion, and  a  600  volt  circuit  for  lighting  and  control  circuits,  on  the 
dynamotor  principle,  has  been  developed,  to  save  both  space  and 
initial  cost.  The  i  200-1  500  volt  equipments  have  been  strength- 
ened in  a  number  of  features.  One  of  the  distinct  developments 
for  both  direct  and  alternating-currents  has  been  a  locomotive  lay- 
out, with  all  the  control  apparatus  in  an  easily  accessible  l<icatton 
in  the  center  of  the  cab,  protected  by  a  grounded  screen,  and  the 
location  of  blowers,  compressors,  etc.,  in  end  hoods,  outside  the  cab. 


50  THE  ELECTRIC  JOURNAL 

In  the  matter  of  high  voUage  direct-current  operation,  a  sys- 
tem of  indirect  control  has  been  developed  for  use  on  single  cars 
using  trolley  current  for  operating  the  control  circuits,  and  thus 
rendering  the  use  of  a  dynamotor  unnecessary.  This  makes  possi- 
ble the  employment  of  indirect  control  for  single  car  operation  on 
high  voltages,  with  all  of  the  advantages  in  the  way  of  removing 
the  heavy  current  carrying  circuits  from  the  car  platform,  which 
this  control  carries  with  it,  without  the  necessity  of  employing  a 
dynamotor. 

In  general  also,  the  year  has  seen  a  reduction  in  the  weight 
and  size  of  control  equipments  for  all  sizes  of  motors  for  high 
voltage  operation. 

During  the  year  developments  of  control  of  dimensions  suitable 
for  use  on  low  frame  cars  have  been  undertaken,  and  a  general 
lightening  of  the  mechanical  structures  of  control  apparatus  has 
also-  been  brought  about. 

One  interesting  development  in  the  field  of  mining  locomo- 
tives is  an  electrically  driven  gathering  reel,  for  gathering  locomo- 
tives. This  reel  is  in  efTect  an  electrical  spring,  in  that  it  main- 
tains a  fairly  constant  torque  at  all  times,  whether  the  reel  is  being 
unwound,  or  is  winding  uj)  the  cable.  Sufficient  resistance  is  kept 
in  series  with  the  motor  so  that  it  may  remain  connected  across  the 
line  indefinitely  without  injury  while  at  a  standstill. 


SEARCHING  FOR  THE  UNKNOWN 

C.  E.  SKINNER 

IT  may  be  that  "there  is  nothing  new  under  the  sun,"  but  when 
we  come  into  contact  with  the  unending  requirements  for  ma- 
terials, processes  and  principles  in  our  modern  civilization  we 
are  forced  to  the  conclusion  that  our  knowledge  of  old  things  is 
indeed  limited.  Compared  to  a  like  period  a  century  ago  we  have 
made  marvelous  progress  in  the  last  year.  Compared  to  our  re- 
quirements and  desires  we  have  all  Init  stood  still.  We  have  made 
marvelous  progress  in  medicine  and  surgery,  but  cancer  is  still  on 
the  list  of  incurables.  The  science  of  aviation  has  grown  up  as  in  a 
night,  but  the  list  of  fatalities  is  still  very  great.  We  have  ocean 
vessels  which  must  surpass  the  wildest  imaginations  of  our  fore- 
fathers, but  the  "Titanic"  was  lost.  Heavy  electric  traction  has 
become  a  reality,  but  trunk  lines  are  not  yet  generally  electrified. 
We  transmit  electric  currents  at  a  pressure  of  150000  volts,  but  we 
cannot  be  sure  that  we  can  operate  through  all  storms.     We  have 
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many  metals  in  daily  use  that  a  few  years  ago  were  considered  cu- 
riosities, but  there  are  still  many  that  are  not  yet  commercialized 
and  we  fail  to  control  as  we  wish  many  of  the  properties  and  com- 
binations of  those  which  are  commercialized.  We  have  had  iron 
and  steel  since  the  dawn  of  history,  and  yet  study  and  research 
into  iron  and  seeel  was  never  more  active  than  at  present.  If  we 
have  accomplished  much,  it  is  only  to  find  that  for  every  success 
there  are  many  failures,  and  for  every  epoch-making  invention  or 
discovery  there  are  ten  thousand  details  that  must  be  patiently  and 
carefully  worked  out  to  make  such  inventions  of  general  use. 

If  we  have  failed  to  cure  cancer,  if  we  lost  the  "Titanic,"  if 
travel  by  aeroplane  is  not  safe,  all  these  things  are  but  additional 
stimuli  to  still  greater  and  better  effort.  Our  failures  often  indi- 
cate the  way  to  success,  and  each  success  gives  us  new  tools  with 
which  to  attack  the  unsolved  problems.  No  startling  and  epoch- 
making  invention,  such  as  X-rays  or  wireless  telegraphy,  has  been 
announced  during  the  past  year,  yet  there  has  probably  never  been 
a  year  of  greater  achievement  in  all  lines  of  research  than  during 
the  last  twelve  months.  This  statement  is  based  on  the  fact  that 
we  have  better  tools,  better  methods,  and  there  are  more  workers 
than  ever  before,  and  the  present  almost  universal  prosperity  has 
given  new  problems  to  solve  and  new  rewards  for  their  solution. 
With  all  the  accumulated  methods  and  tools  and  principles  should 
we  not  expect  still  greater  and  more  startling  inventions  and  discov- 
eries than  those  with  which  we  are  now  familiar? 


TRANSFORMER  PROGRESS 

W.  M.  McCONAHEY 

ASL'R\'EV  of  the  field  of  transformer  development  for  1912 
shows  a  general  trend  towards  the  adoption  of  voltages  of 
100  000  volts  or  higher  for  power  transmission  purposes. 
In  fact,  "trend"  is  scarcely  a  strong  enough  term  because  most  of 
the  new  plants  that  have  been  planned  or  constructed  have  been 
designed  to  transmit  power  at  voltages  exceeding  100  000  volts.  It 
is  natural  to  expect  this  as  undeveloped  waterfalls  become  more 
and  more  remote  from  the  points  of  power  consumption.  The  gen- 
eral factors  that  contribute  to  the  use  of  these  falls  for  generating 
power  to  be  transmitted  over  distances  not  hitherto  considered  eco- 
nomical, are  the  increased  cost  of  fuel  and  the  advances  and  im- 
provements that  have  been  made  in  electrical  power  transmission 
apparatus.     Among  these,   transformers  occupy  a  very   important 


52  THE  ELECTRIC  JOURNAL 

place.  Special  investigations  dealing  with  the  problems  of  high  volt- 
age have  been  carried  out  and  the  knowledge  gained  therefrom  has 
been  made  use  of  in  the  design  of  150000  volt  transformers  that 
should  be  just  as  reliable  as  were  the  first  no  000  volt  transform- 
ers that  have  stood  the  test  of  service  so  well.  In  fact,  the  step  to 
1 10  000  volts  at  the  time  it  was  made  was  almost  as  great  a  step 
so  far  as  the  transformer  is  concerned  as  the  step  to  15  000  volts. 

It  is  becoming  generally  recognized  now  that  where  large 
amounts  of  power  are  concentrated  in  one  generating  station  it  is 
necessary  to  design  the  transformers  as  well  as  the  generators  so 
that  they  will  not  be  injured  by  mechanical  stresses  due  to  external 
short-circuits.  In  some  cases  protection  against  trouble  of  this  kind 
has  been  secured  by  the  use  of  air  core  reactances.  In  the  case  of 
large  25  cycle  apparatus  the  air  core  reactances  may  be  necessary 
but  for  50  or  60  cycles,  experience  seems  to  show  that  with  care- 
fully designed  generators  and  transformers  they  are  not  necessary. 

The  great  saving  that  can  be  made  in  the  cost  oi  large  high 
voltage  sub-stations  by  the  use  of  outdoor  instead  of  indoor  appa- 
ratus is  being  appreciated  more  and  more.  Outdoor  apparatus  has 
now  been  developed  to  that  point  where  it  is  becoming  standardized. 
Stations  are  simple  and  of  low  cost,  and  can  be  extended  easily  at 
any  time.  The  special  suitability  of  large  self-cooling  transformers 
for  such  stations  is  being  more  generally  understood  and  a  large 
number  of  them  have  been  installed  during  the  past  year. 

There  are  many  transmission  lines  of  from  22  000  to  44  000 
volts  passing  by  towns  where  small  amounts  of  power  can  be  used 
for  lighting  or  for  manufacturing  purposes.  In  such  cases  the  in- 
come generally  will  not  warrant  the  building  of  an  indoor  sub-sta- 
tion. It  is  here  that  the  small  outdoor  sub-station  becomes  available 
as  a  means  of  enabling  the  power  company  to  secure  this  class  of 
business  at  a  profit.  The  outdoor  sub-station  can  be  constructed  at 
small  cost  by  erecting  a  few  extra  poles  and  a  platform.  During 
the  past  year  much  has  been  done  in  the  development  of  apparatus 
for  this  class  of  service  and  its  use  has  been  widely  extended. 

The  use  of  dis  tributing  transformers  has  been  largely  extended 
for  6  600  volt  and  1 1  000  volt  service.  These,  as  well  as  the  stan- 
dard 2  200  volt  transformers,  have  not  undergone  any  radical 
change  in  the  design  but  have  been  improved  in  details  wherever 
improvements  were  found  possible. 


THE  GASOLINE-ELECTRIC  AUTOMOTRICE 

FRANCIS   E.   DRAKE 

NEARLY  every  distinct  forward  movement  in  industrial  prog- 
ress comes  after  a  cycle  of  efforts  and  failures  to  make  of 
practical  use  new  and  progressive  ideas.  These  cycles  usu- 
ally represent  the  premature  introduction  of  devices,  their  ex- 
tremely slow  economic  development  or  utter  failure  and  abandon- 
ment, then  a  later  resurrection  and  adoption.  The  self-propelled 
passenger  carrying  car  for  railways  is  a  striking  example  of  a  much 
needed  unit,  which  for  many  years  eluded  the  best  efforts  of  rail- 
way authorities  and  engineers,  but  which  at  last  emerges  in  a  thor- 
oughly evolved  and  practical  condition. 

The  gasoline-electric  car,  or  "automotrice,"  as  it  is  termed  in 
Europe  where  the  first  important  developments  took  place,  began 
to  receive  serious  attention  in  the  early  nineties.  The  advent  and 
phenomenal  success  of  the  trolley  car  seemed  to  urge  pioneers  in 
the  development  of  the  gasoline-electric  car  to  a  prompt  introduc- 
tion on  steam  roads  of  their  much  heralded  independent  unit,  de- 
signed to  give  steam  road  passengers  the  comfort  and  modern  con- 
venience of  electric  traction.  But  in  spite  of  unlimited  financial 
and  railway  support,  and  the  sympathy  and  encouragement  of  an 
expectant  public,  this  forerunner  of  a  later  necessary  and  successful 
type  passed  into  oblivion.  \^arious  other  solutions  were  sought 
and  tried  out ; — high  pressure  steam  cars,  coal,  coke  and  oil  fired  ; 
gasoline  engines  with  direct  mechanical  transmission  ;  storage  bat- 
tery cars — all  have  been  designed  and  offered  for  trials  in  dift'erent 
forms.  Such  trials  have  proven  conclusively  that  electricity  must 
play  its  part  in  the  independent  railway  unit,  since  no  other  means 
has  been  found  which  assures  a  proper  and  sufficient  torque  in 
starting  and  accelerating,  together  with  a  progressive  and  conveni- 
ent speed  control.  Thus  about  two  decades  have  elapsed  between 
the  first  introduction  and  the  definite  successful  approval  and  adop- 
tion of  the  gasoline-electric  car. 

The  pioneer  types  of  gasoline-electric  cars  all  depended  upon 
storage  batteries  as  auxiliaries  to  insure  the  continuous  movement 
of  the  car  even  though  the  engine  should  fail,  and  also  as  a  load 
for  the  engine  which  at  that  epoch  was  crude  and  could  only  be 
operated  at  or  near  normal  speed.  It  is  undoubtedly  due  to  the 
undeveloped  condition  of  the  internal  combustion  engine  that  the 
early  gasoline-electric  car  failed  to  find  a  regular  place  in  the  trac- 
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tion  development  of  the  times.  Automobile  engine  development  and 
progress  placed  the  internal  combustion  engine  in  a  preferred  posi- 
tion for  its  employment  in  solving  economically  the  automotrice 
problem. 

To  engineers  engaged  in  electric  traction  along  existing  lines 
where  large  units,  heavy  trains  and  high  speeds  are  the  usual  con- 
ditions, the  gasoline-electric  automotrice  may  seem  an  unwelcome, 
if  not  an  impossible  aspirant  for  a>  position  in  the  railway,  or  more 
broadly  speaking,  traction  field.  In  the  electrical  engineer's  opin- 
ion, its  limited  power  and  apparently  restricted  capacity  limit  it  to 
a  comparatively  insignificant  field.  An  awakening  sense  in  traction 
engineering  and   operation   is,   however,    rapidly   developing   along 


FIG.    I — GASOLINE-ELECTRIC    AUTOMOTRICE    "DRACAR 

On  the  Missouri,  Oklahoma  &  Gulf  Railway. 

the  lines  of  efficiency  and  more  attention  is  being  paid  to  the  choice 
of  proper  elements  or  machines  to  perform  given  work.  The  same 
sentiment  and  judgment  which  governs  the  elimination  of  heavy 
grades,  causes  electrification  of  terminals  and  difficult  sections 
should  equally  control  the  lesser  traction  elements  and  those  to 
which  the  automotrice  more  strictly  is  applicable. 

Any  large  railway  system,  when  spread  out  in  plan,  represents 
a  network  with  feeders  or  branches  diverging  or  radiating  from 
main  or  chief  arteries  of  travel.  It  is  indeed  a  fortunate  railway 
system  whose  passenger  receipts  from  feeder  and  branch  lines  show 
a  profit  over  cost  of  operation.  Yet  the  public  must  be  served  even 
though  a  deficit  results  from  such  service. 

The  average  branch  line  service  on  the  steam  roads  does  not  fill 
a  steam  train,  nor  can  it  justify  the  expense  of  running  one.     Usu- 
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ally  these  trains  are  composed  of  engines  and  equipment  considered 
obsolete  for  the  main  line  service.  The  locomotives  are  notoriously 
wasteful  and  often  in  very  bad  condition.  This  branch  line  traffic 
thus  ordinarily  represents  the  most  expensive  per  mile  service  on  the 
entire  road,  while  the  receipts  are  often  less  than  operating  costs. 
For  such  cases  the  gasoline-electric  automotrice  is  a  wonderful  re- 
lief .  The  actual  operating  costs  are  much  less  than  with  locomo- 
tives, without  considering  the  collateral  expense  attached  to  steam 
service,  such  as  round-house  and  terminal  service,  water  tanks, 
coaling  chutes  with  attendants,  etc. 

The  first  successful 
or  important  installation 
of  the  gasoline-electric 
automotrice  was  begun 
on  the  Arad  -  Csanad 
Railway  in  Southeastern 
Hungary.  A  service  be- 
gun in  1905  has  grown 
from  seventeen  pairs  of 
trains  daily  under  steam 
operation  to  seventy-two 
pairs  with  automotrice 
operation.  The  fares 
were  reduced  about  one- 
ihird.  but  the  receipts 
have  constantly  grown. 
Where  a  severe  deficit 
existed  under  the  old 
way.  the  new  service 
i)rings  a  net  surjjlus  of 
between  forty  and  fifty 
thousand  d  o  1 1  a  r  -^  per 
annum. 
( )tlicr  luiropean  successes  have  likewise  been  recorded  in  Ger- 
many, Holland,  Sweden,  France  and  l-'ngland.  .\  very  great  variety 
of  service  has  been  experienced,  from  the  summer  excursion  type 
to  main  express  trains.  The  European  experience  and  practice 
has  recently  become  available  on  this  side  of  the  Atlantic  and  sev- 
eral cars  have  been  built  chiefly  for  Western  railway  conditions. 

P.riefly  described,  the  car  may  be  compared  with  a  modern  in- 
terurban  trolley  car,  but  with  trolley  removed  and  a  |)owcr  plant 
installed  in  the  forward  end  of  the  car.     The  car  IkxIv,  trucks  and 
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traction  motors  are  essentially  such  as  are  regularly  adopted  in 
interurban  work.  The  power  plant  consists  of  a  multi-cylinder  gas- 
oline engine  direct-coupled  to  a  500  volt  electric  generator.  These 
two  units  are  mounted  on  one  constant  sub-base  which  in  turn  is 
bolted  to  the  car  floor  or  frame.  From  this  group,  the  energy  gen- 
erated is  conducted  to  a  control  system  comprising  series-parallel 
connection  of  traction  motors  with  field  regulation  of  generator 
and  a  varying  carburettor  throttle.  The  gasoline  supply  is  carried 
in  two  tanks  cross-connected  and  arranged  so  that  either  may  de- 
liver fuel  to  carburettor  by  gravity.  The  cylinder  jackets  are  sup- 
plied with  cooling  water  which  is  circulated  by  a  positive  geared 

pump,  driven  by  the  cam 
shaft.  The  cooling  ef- 
fect is  obtained  by  pass- 
ing the  hot  water 
through  a  copper  tube 
radiator  placed  on  the 
roof  of  the  car.  In 
winter  a  portion  of  the 
jacket  water  is  circula- 
ted in  the  radiating 
pipes  of  the  car  heating 
system. 

Straight  and  auto- 
matic air  brakes  are  in- 
stalled in  a  manner  usu- 
al to  interurban  electric 
cars.  A  full  comple- 
ment of  whistles,  foot 
gongs  and  conductors' 
signals  are  provided. 
The  series-parallel  control  is  essentially  the  same  as  used  in 
tramway  practice.  The  contacts  for  ten  steps  of  field  resistance 
are  incorporated  with  the  series  and  parallel  sections  of  the  con- 
troller. The  control  lever  is  also  arranged  to  open  or  close  the  gas 
admission  mechanically,  thus  permitting  a  wide  range  in  the  accel- 
erating and  running  speeds. 

The  motors  are  usually  mounted  on  the  forward  truck  and  are 
chosen  from  standard  types  according  to  duty  required.  One  of  the 
features  of  the  gasoline-electric  automotrice  which  appeals  strongly 
to  the  practical   railway  manager  is  that   the  traction  motors  are 


FIG.  3 — INTERIOR  VIEW  OF  56   FT.   "dRACAR" 
ON   M.   0.   &   G.  RY 
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standard,  the  controllers  are  of  usual  type,  with  but  slight  altera- 
tions, and  the  generator  of  such  type  as  to  insure  long  life  and  mini- 
mum repairs.  The  only  portion  of  the  equipment  for  which  com- 
parative maintenance  figures  are  not  available  is  the  engine.  This 
unit  in  turn  has  now  been  so  revised  and  refined  in  the  several  years 
severe,  though  successful  European  operation,  that  the  matter  of 
maintenance  may  be  safely  estimated. 

The  engine  is   designed    nominally   for    950    to    i  000  r.p.m. 
Equipments  of  90  and  140  horse-power  rating  are  supplied  with 


FIG.   4 — PORTION   OF   POWER  GROUP  OF  yO       HoRSE-POWER   .\fTOMOTRKE 

standard  cars  seating  from  44  to  72  passengers,  depending  upon  the 
fl(X)r  plan  and  seating  arrangement  adopted.  The  smaller  of  these 
eciuipments  is  intended  for  use  where  the  schedule  speed  is  appro.xi- 
niately  25  miles  per  hour  and  the  maximum  on  level  tangents  is  35 
miles  per  hour.  The  larger  equipment  is  for  use  where  the  schedule 
is  based  on  approximately  30  miles  per  hour  and  a  maximum  speed 
of  40  miles  per  hour  with  capacity  for  hauling  a  trailer  suitably  de- 
signed for  40  to  60  passengers.  A  daily  mileage  of  150  to  175  miles 
may  readily  be  taken  as  an  average  under  ordinary  conditions. 
Local  conditions,  however,  always  control  total  mileage. 

The  car  and  equipment  here  illustrated  is  the  "Dracar,"  adopted 
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by  the  Missouri,  Oklahoma  &  Gulf  Railway.  This  car  has  the  ad- 
mirable feature  possessed  alone  by  this  particular  type  of  automo- 
trice,  i.  e.,  possibility  of  operating  from  either  end  in  either  direc- 
tion. Duplicate  controllers  and  instruments  are  placed  in  the  vesti- 
bule and  farthest  from  the  engine.  When  it  is  desired  to  reverse 
the  direction  of  the  car,  the  motorman  leaves  the  gasoline  engine 


FIG.    5 — FLOOR  PLAN  LAYOUT  OF   GASOLINE-ELECTRIC  AUTOMOTRICE 

running  under  reduced  speed,  takes  his  controller  handles  to  the 
other  end,  as  in  trolley  practice,  and  takes  up  the  control  at  the  dis- 
tant end. 

The  engine  and  complete  group  have  been  so  carefully  worked 
out  and  balanced  that  distant  control  is  entirely  satisfactory.  In 
stations  where  only  limited  stops  are  made,  the  engine  is  throttled 
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-FKONT  OR   DRIVING  TRUCK   EQUIPPED   WITH   TWO 
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down  and  not  stopped.  The  engine  is  started  by  "cranking"  just 
as  an  automobile  motor,  the  compression  being  reduced  momentarily 
during  starting.  Magneto  ignition  is  employed.  The  magneto  is 
mounted  upon  an  extension  of  the  shaft  serving  the  automatic  stop- 
governor. 

The  M.,  O.  &  G.  Ry.  Dracar  is  56  feet  long  over  bumpers  and 
9  feet  6  inches  wide  over  all.  It  is  divided  into  four  compartments : 
engine  room,  baggage,  "jim-crow"    and    first-class    compartments. 
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Very  attractive  individual  reversible  plush  seats  have  been  provided. 
The  latest  form  of  arch  roof  and  plain  but  well  finished  interior 
conduces  to  attractiveness.  It  is  obvious  that  any  form  of  car  or 
suitable  interior  can  be  adopted  for  use  with  this  combination.  It 
is  equally  obvious  that  different  classes  of  service  may  be  performed. 
The  growing  need  of  office  cars,  as  the  railway  officials'  former  pri- 
vate cars  are  now  designated,  makes  the  automotrice  extremely  at- 
tractive. Instead  of  the  office  car  being  attached  to  a  passenger  train 
with  only  certain  schedule  stops,  or  being  expensively  hauled  "spe- 
cial" by  a  locomotive,  the  automotrice  office  car  is  operated  by  a  lim- 
ited crew  with  the  fullest  possibility  of  stopping  at  will  for  inspec- 
tion or  conference.     It  would  be,  in  fact,  absolutely  independent. 


FIG.    7 — STANDARD   RAILWAY    MOTOR    USED    OX    GASOLINE-ELECTRIC 

AUTOMOTRICE 

Its  cost  of  operation  is  at  a  minimum  for  such  service.  Such  a  car 
in  the  service  of  the  technical  department  of  railways  can  be  equip- 
ped with  various  recording  instruments  for  track  inspection,  even 
indicating  variations  in  rail  height  and  other  irregularities  and  im- 
perfections that  are  most  difficult  to  secure  with  existing  means. 

In  the  field  of  electric  traction  the  automotrice  may  successfully 
perform  the  service  of  owl  cars.  In  case  of  projected  extensions 
it  may  be  utilized  to  develop  or  demonstrate  the  traffic,  that  later 
electrification  may  follow.  By  certain  trackage  arrangements  the 
automotrice  could  usefully  serve  as  a  unit,  operating  partially  on 
steam  railway  tracks  and  then  enter  and  penetrate  to  civic  centers 
for  the  accommodation  of  an  entirely  new  traffic  thus  created. 

Within  the  limits  of  40  tons  total  weight  and  a  maximum  speed 
of  forty-five  miles  per  hour,  the  automotrice  will  be  a  most  potent 
factor  in  making  possible  greater  conveniences  for  the  public  and 
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splendid  economies  for  the  lines  operating.  To  secure  greatest  effi- 
ciency in  serving  the  railways  where  they  now  have  greatest  need, 
a  minimum  weight,  coupled  with  simplicity  and  low  cost  of  mainte- 
nance, must  be  the  watchword.  A  high  speed  automotrice  would  need 
more  power,  hence  greater  weight  and  resultant  increased  operating 
and  maintenance  expense.  Within  the  lighter  limits  advocated, 
two  and  one-half  to  three  car  miles  per  gallon  of  combustible  may 
be  insured.     At  this  economical  point  there  is  no  danger  of  aggra- 


ABLE    I— .4UT0M0TRICE    OPERATING    EXPENSES  ON  THE  ARaD-CSANAD  RAILWAY,  HUNGARY 

Dollars 


Details  of  Operating  Expenses  in  Dollars 
per   train   mile 
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vated  operating  costs  from  threatened  high  price  of  combustible.  So 
long  as  the  mileage  costs  of  crew  are  fifty  or  more  percent  higher 
than  the  cost  of  combustible,  the  automotrice  has  an  enonnous 
growing  field  before  it.  The  oft  repeated  query  as  to  maintenance 
costs  has  been  thoroughly  answered  by  the  Hungarian  road  which 
has  a  mileage  record  total  of  5  300  000  car  miles,  covering  seven 
years  with  maintenance  costs  of  lo>^s  than  three  rents  per  car  mile. 


SHOP  TESTING  OF   ELECTRICAL  APPARATUS 

I— GENERAL  INSTRUCTIONS 

This  is  the  first  of  a  series  of  articles  under  this  heading,  describing  in 
detail  present  day  practice  in  the  testing  of  various  types  of  electrical  ap- 
paratus.—  [Ed.] 

TESTS  are  made  on  electrical  apparatus  for  two  reasons, 
namely,  to  demonstrate  or  ascertain  the  efifectiveness  or  cor- 
rectness of  design  and  to  prove  the  quality  of  materials  and 
accuracy  of  workmanship.  The  tests  required  on  electrical  appa- 
ratus are  divided  into  four  general  sections : — Experimental  tests, 
commercial  tests,  acceptance  tests  and  special  tests. 

Experimental  Tests  are  made  on  all  machines  of  new  design. 
While  the  design  of  electrical  apparatus  is  based  primarily  on  theo- 
retical formulae,  the  designer  would  be  hopeless  without  the  con- 
stants derived  from  and  based  on  extensive  tests  under  actual  op- 
erating conditions.  Tests  of  this  kind  have  been  conducted  over 
a  period  of  many  years  on  the  various  types  of  electrical  machinery 
and  it  might  seem  as  if  the  machines  would  be  so  standardized  that 
it  would  not  be  necessary  to  repeat  such  tests.  Electrical  machinery 
is  changing  so  rapidly,  however,  that  it  is  necessary  to  continue 
tests  and  make  new  ones.  As  an  example,  the  commutating  pole 
machine,  which  is  rapidly  replacing  the  older  types  of  machines,  has 
revolutionized  the  testing  of  direct-current  motors  and  generators. 
The  development  of  high  speed  turbines  has  produced  a  similar  con- 
dition with  alternating-current  generators. 

Commercial  Tests  comprise  the  routine  tests  which  are  made 
on  all  electrical  apparatus  to  determine  whether  the  characteristics 
of  the  standard  line  are  maintained  in  each  individual  machine  and 
to  be  sure  that  no  apparatus  is  sold  which  is  defective  in  any  part. 
It  is  much  more  expensive  to  correct  defects  due  either  to  poor 
workmanship  or  defective  material  after  the  machinery  has  been 
shipped  than  it  is  on  the  test  floor,  in  addition  to  which  the  manu- 
facturing company  is  liable  to  sufi^er  loss  of  prestige  by  failures  of 
apparatus  which  might  have  been  prevented  by  thorough  tests.  In 
general,  commercial  tests  are  not  as  elaborate  as  experimental  tests. 

Acceptance  or  Witness  Tests — A  great  deal  of  electrical  appa- 
ratus is  sold  under  guarantees  as  to  temperature,  efficiency,  power- 
factor,  etc.  In  order  to  be  certain  that  such  guarantees  have  been 
met  on  large  orders  of  apparatus,  many  operators  either  test  elec- 
trical apparatus  themselves  after  its  purchase  or  send  witnesses  to 
oversee  tests  run  by  the  manufacturers.     Such  tests  are  usually 
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somewhat  similar  to  commercial  tests,  but  include  such  additional 
tests  as  are  necessary  to  satisfy  the  requirements  of  the  individual 
case. 

Special  Tests  are  run  at  the  request  of  the  manufacturer's  engi- 
neers to  determine  special  data.  Such  tests  are  indispensable  to 
designing  engineers,  for  new  problems  are  continually  being  worked 
out,  and  improvements  can  be  made  only  after  tests  on  experimental 
designs.  Empirical  constants,  based  on  the  results  of  such  tests, 
are  in  every  day  use  by  the  designer. 

THE  USE  OF   METERS 

Since  the  whole  value  of  any  series  of  tests  depends  upon  their 
accuracy  it  is  important  not  only  that  accurate  and  reliable  measur- 
ing instruments  shall  be  used  but  also  that  their  characteristics  and 
limitations  be  thoroughly  understood,  so  that  they  may  be  used  only 
under  such  circumstances  that  their  accuracy  will  not  be  in  any 
way  impaired  by  surrounding  conditions.  The  meters  for  each  test 
should  be  selected  and  connected  so  as  to  give  a  deflection  on  the 
most  accurate  part  of  the  scale,  which  is  usually  from  25  to  75  per- 
cent of  the  full  scale  capacity.  All  meters  should  be  in  good  work- 
ing order  with  no  tendency  for  needle  to  bind,  and  with  the  calibra- 
tion recently  checked.  Meters  in  general  use  should  be  calibrated 
on  all  scales  at  least  once  a  month,  or  oftener  as  the  work  may  re- 
quire, and  should  bear  a  card  showing  the  date  of  the  last  calibra- 
tion and  the  corrections  to  be  made.  The  serial  number  of  all  the 
meters  used  on  a  test  should  be  recorded  on  all  test  data. 

When  using  a  voltmeter  with  two  or  more  scales,  always  first 
connect  the  leads  for  the  high  scale  before  placing  the  leads  on  the 
low  scale.  This  will  very  often  avoid  damaging  the  meter  in 
case  the  voltage  should  be  higher  than  expected.  Be  very  careful 
not  to  ground  either  of  the  leads,  as  this  will  frequently  throw  the 
full  line  voltage  on  the  meter.  Meters  should  always  set  level,  since 
they  are  calibrated  in  this  position;  in  any  other  position  they  may 
work  sluggishly  and  may  possibly  read  incorrectly,  due  to  unbal- 
anced moving  parts.  Nearly  all  meters  are  afTected  by  stray  fields 
unless  especially  built  so  as  to  be  immune,  and  they  should  be  placed 
at  least  six  inches  apart  and  at  a  sufficient  distance  from  circuit.*; 
carrying  power  so  that  they  will  not  be  afTected  by  stray  fields.  This 
can  be  determined  by  taking  a  reading  of  the  meter  and  then  turning 
the  meter  around  180  degrees  and  taking  another  reading  under  the 
same  conditions.    The  meter  must  be  so  located  that  it  will  show  the 
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same  deflection  for  a  given  power  in  all  positions  before  readings 
are  taken.  Where  it  is  impossible  to  so  locate  the  meter  that  the 
same  power  will  show  the  same  deflection  in  all  positions  of  the 
meter,  readings  should  be  taken  with  the  instrument  set  first  in  one 
position  and  then  turned  i8o  degrees,  and  the  average  of  the  two 
readings  should  be  considered  as  the  correct  reading. 

Stray  fields  from  ammeter  leads  can  freqently  be  nullified  by 
twisting  the  leads  around  one  another.  In  order  to  get  really  satis- 
factory results,  the  operator  should  study  the  characteristics  of  his 
instruments  and  the  principles  involved,  as  no  set  rules  can  be  ap- 
plied to  all  cases. 

Direct-Current  Voltmeters  and  Ammeters — Most  portable  di- 
rect-current meters  are  of  the  permanent  magnet  moving  coil  or 
D'Arsonval  type.  Such  meters  have  a  uniform  scale  reading  and 
are  free  from  residual  errors.  The  readings  are  dead  beat,  and  the 
accuracy  of  calibration  may  be  made  extremely  good  over  the  entire 
scale.  Due  to  the  fact  that  they  are  of  the  permanent  magnet  type, 
such  instruments  cannot  be  used  on  alternating-current.  They  must 
not  be  used  in  close  proximity  to  other  meters  or  to  current  carrying 
leads,  on  account  of  stray  fields.  Where  it  is  absolutely  necessary 
to  have  two  such  meters  near  together,  they  should  be  placed  end  to 
end,  with  the  scale  ends  adjacent,  rather  than  side  by  side.  Either 
magnetic  or  pneumatic  damping  is  provided,  what  is  known  as  crit- 
ical damping  being  considered  best ;  that  is,  damping  sufficient  to 
bring  the  pointer  to  rest  in  the  shortest  possible  time  when  the  volt- 
age or  current  is  suddenly  applied.  Ordinarily  a  meter  in  which 
the  needle  makes  one  and  one-half  complete  swings  before  coming 
to  rest  meets  this  condition. 

Alternating-Current  Voltmeters  and  Ammeters — The  alternat- 
ing-current instruments  in  most  common  use  may  be  divided  into 
four  general  types,  namely,  the  induction  type,  the  Kelvin  balance 
type,  the  moving  coil  type  and  the  moving  iron  or  magnetic  vane 
type.  With  the  exception  of  the  induction  type  these  instruments 
are  all  suitable  for  use  with  direct  as  well  as  alternating-current. 
In  the  induction  and  Kelvin  types  the  deflection  of  the  needle  is  in 
proportion  to  the  square  of  the  current,  making  the  scale  quite  con- 
densed for  the  first  ten  percent  of  the  full  scale  reading  but  quite 
open  over  the  rest  of  the  scale.  With  the  moving  coil  and  moving 
iron  types  the  scale  is  quite  condensed  at  both  ends  and  sufficiently 
open  for  accurate  readings  only  between  25  and  75  percent  of  full 
scale.     As    previously  stated    most    meters    need    to   be    carefully 
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shielded  from  the  effects  of  external  fields ;  the  Kelvin  balance  and 
the  induction  types  are,  however,  almost  entirely  free  from  such 
effects.  The  general  characteristics  of  these  types  of  meters  are  in- 
dicated in  Table  I.  In  the  case  of  alternating-current  instruments 
which  are  liable  to  be  placed  on  circuits  where  there  is  a  tendency 
towards  "pumping,"  there  is  an  advantage  in  having  the  movements 
"'over-damped,"  that  is,  having  the  damping  so  strong  that  it  consid- 
erably increases  the  time  required  for  the  pointer  to  come  to  rest 
beyond  that  obtained  by  critical  damping.  Such  a  meter  indicates 
the  average  of  rapidly  fluctuating  voltages  or  currents  and  elimi- 
nates the  effect  of  the  pumping.  Another  advantage  of  over-damp- 
ing is  the  protection  aft'orded  during  short-circuits,  as  the  movement 
is  retarded  sufficiently  to  greatly  reduce  the  "kick"  on  the  moving 
element.     It    should    be    remembered    that    in    alternating-current 

TABLE    I — ALTERNATING    CURRl^'T  AMMETERS  AND  VOLTMETERS 


Type. 


Initial    A'.Turacj 
Ratio     of     Tor(|iii 

Weight  .... 
Ru^edness  .  .  . 
Pemianeiioe  .  .  . 
Frefiuency  Errors  . 
Temperature  Errors 
External  Fields    .    . 


Convenience  . 
Scale  .... 
Scale  Reading 
Repairs  .  .  . 
Use  on  D.C.    . 


Induction. 


Good 

High 

Rugged 

Mest 

Slightt 

Slight 

\  ery    t-lightly 

affected* 
(iood 

(;reat   length 
Direct 
Simple 
Impossible 


Kelvin 
Balance. 


Highest 

Hifeh 

Rugged 

Best 

None 

Slight 

Not  afifectcd} 

Poor 

Great  length 

Zero 

Simjile 

Correct 


Moving  Coil. 


High 

I  ow 
Good 
Kair 
None 
Slight 
Heavy 
ing 
Good 
Short 
Direct 
Not  easy 
Conect 


Moving  Iron  or 
Magnetic   Vane. 


shield- 
required 


Gocd 

Low 

Good 

Fair 

Slightt 

Slight 

Heavy     shielding 

required*  * 
Good 
Sl.ort 
Direct 

Conditional"* 


f  Meter  can  be  adjusted  for  accuracy  at  two  frequencies,  as  'Z5  and  60  cycles,  but  if 
liable  to  be  inaccurate  at  other  frequencies.  Or.ly  slightly  affected  by  small  variations  in 
frequency. 

JNot  affected  by  any  stray  field  which  influences  all   its  coils  cqiuilly. 

•Affected  by  stray  fieldti   of  same   frequency  only. 

•* Affected    by   any   alternating   or   continuous   stray  field. 

•••Two  readings  must  be  taken,  reversing  the  polarity  between  reading!  and  taking 
the  average  as  the  correct  reading. 

meters,  the  torque  of  which  is  proportional  to  the  sciuarc  of  the  cur- 
rent, the  effect  of  overload  is  much  more  important  than  it  is  with 
the  D'Arsonval  type  meters  whose  tonjue  increases  only  directly 
with  the  current. 

Wattmeters  in  ordinary  commercial  use  arc  of  the  induction, 
the  Kelvin  balance  and  the  moving  coil  or  dynamometer  typo.s. 
With  the  exception  of  the  induction  type  they  arc  equally  accurate 
on  alternating  or  direct-current,  and  their  characteristics  are  in  c:cn- 
eral  quite  similar  to  the  similar  types  of  alternating-current  volt- 
meters and  ammeters  except  that  the  scale  divisions  arc  uiiif  rm. 
being  proportional  to  the  pnxluct  of  ^hc  volts  and  amperes. 
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Special  Meters — Portable  frequency  meters  are  used  to  a  great 
extent  for  determining-  speeds  of  synchronous  alternating-current  ap- 
paratus, any  type  of  frequency  meter  being  suitable  for  this  purpose. 
The  vibrating  reed  frequency  meter  can  also  be  used  on  any  ma- 
chine by  having  a  make  and  break  device  mounted  temporarily  on 
the  shaft  in  series  with  a  direct-current  circuit  through  the  meter. 
For  over-speed  testing  such  an  arrangement  is  especially  useful  as 
the  instrument  can  be  mounted  at  a  distance  from  the  machine  being 
tested  and  all  possible  injury  to  the  operator  is  avoided.  Power- 
factor  meters  and  graphic  recording  volt,  ampere  and  wattmeters 
are  frequently  used,  and  the  oscillograph  is  invaluable  for  much  of 
the  special  testing. 

In  testing  large  machines  the  losses  involved  in  the  shunt  and 
series  coils  of  the  meters  from  so  small  a  percentage  of  the  total 
power  involved  that  they  can  be  neglected  entirely.  In  the  testing 
of  machinery  of  less  than  five  horse-power  capacity,  the  losses  oc- 
casioned by  the  instruments  may  become  appreciable,  however,  and 
it  is  necessary  to  take  them  into  consideration.  Since  the  voltmeter 
loss  is  usually  constant  in  any  given  test,  it  is  in  most  cases  easier 
to  connect  the  voltmeter  behind  the  ammeters  thus  measuring  the 
loss  in  the  shunt  coils,  which  can  later  be  subtracted  from  the  total 
power  measured.  In  a  similar  manner  the  shunt  coils  of  a  watt- 
meter should  be  connected  on  the  load  side  of  the  series  coils  and 
the  loss  involved  subtracted.  Certain  types  of  wattmeters  have  au- 
tomatic compensation  for  their  own  shunt  losses.  For  ordinary 
work  it  is  entirely  satisfactory  to  make  use  of  this  automatic  com- 
pensation, but  where  exact  results  are  desired  the  compensating  coil 
should  be  cut  out  and  the  proper  correction  made  in  calculating  the' 
results,  as  it  is  very  seldom  that  the  automatic  compensation  is 
exact.  The  correction  for  meter  losses  is  much  more  important  on 
transformer  testing  than  on  tests  made  on  rotating  machinery,  not 
only  because  the  quantities  involved  are  usually  smaller,  but,  as  the 
load  is  of  a  non-fluctuating  character,  more  exact  results  are  pos- 
sible. 

Instrument  Transformers — Current  transformers  should  be 
selected  so  that  their  rated  amperages  correspond  as  nearly  as  pos- 
sible to  the  currents  with  which  they  are  to  be  used ;  the  current 
should  never  be  less  than  one-fourth  or  more  than  one  and  a  half 
times  the  rated  amperage  of  the  transformer  where  accurate  read- 
ings are  required.  The  secondary  load  at  rated  amperage  should 
not    exceed    the    volt    ampere    rating,  owing    to    ratio    and    phase 
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angle  errors  introduced.  Current  transformers  must  not  he  used 
on  circuits  of  more  than  ten  percent  below  their  rated  frequency, 
unless  specially  calibrated  for  each  frequency. 

\'oltage  transformers  should  not  be  used  on  circuits  of  more 
than  35  percent  above  their  normal  voltage,  nor  of  more  than  ten 
percent  below  their  normal  frcciuency.  \\  hen  using  voltage  trans- 
formers on  frequencies  more  than  ten  percent  below  normal,  use 
two  transformers  of  the  rated  voltage  with  their  primaries  and 
secondaries  each  connected  in  scries.  ]Meter  transformers  should 
never  be  used  on  a  test  unless  their  correct  ratio  is  known,  since 
they  are  sometimes  built  with  compensated  secondaries  for  special 
meters. 

TEMPERATURE  TESTS 

Temperature  tests  are  measured  by  one  of  two  methods,  by 
thermometer  and  by  increase  in  resistance.  General  temperature 
rises  of  conductors  can  be  determined  by  a  thermometer,  which  is 
usually  much  preferable,  as  the  rise  of  resistance  method  only  gives 
average  values,  and  the  temperature  at  some  particular  point  may 
be  somewhat  higher  than  that  indicated  by  this  method.  However, 
for  large  coils  in  which  the  conductor  is  deeply  imbedded  in  the 
coil,  and  for  high  voltage  armature  coils  in  which  the  conductor 
is  covered  with  a  thick  mass  of  insulation,  the  temperature  of  the 
outside  of  the  coil  is  not  a  good  indication  of  that  at  the  conduct- 
or, and  hence  the  rise  of  resistance  method  is  more  applicable.  If 
the  resistance  of  the  circuit  is  quite  low,  however,  thermometer 
measurements  are  frequently  more  reliable  than  measurements  by 
the  resistance  method.  The  temperature  should  he  measured  after 
a  run  of  sufficient  duration  for  the  apparatus  to  reach  a  practically 
constant  temperature.  This  may  be  from  two  to  twenty-four  hours, 
according  to  the  size  and  construction  of  the  apparatus.  It  is  per- 
missible, however,  to  shorten  the  time  of  the  test  by  running  on 
over-load  in  current  and  voltage  for  a  period  of  time  not  (juitc  suf- 
ficient to  bring  the  apparatus  to  its  normal  operating  temperature, 
then  reducing  the  load  to  normal  and  maintaining  it  thus  until  the 
temperature  has  become  constant.  In  certain  cases,  such  as  shunt 
field  circuits  without  rheostats,  the  current  strength  will  be  changed 
by  a  change  of  room  temperature.  The  heat  pniduction  may 
thereby  be  affected.     Correction  for  this  should  be  ni.idc  by    '       - 

ing  the  observed  rise  in  temperature  in  proportion  as  the  I  - 

in  the  resistance  of  the  apparatus  is  altered  owing  to  the  difference 
in  room  temperature,  ^ 


I 
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Thermometers  should  be  carefully  checked  against  each  other, 
and  examined  for  broken  mercury  columns  before  being  placed  on 
a  machine.  After  examination,  care  should  be  taken  that  the  ther- 
mometers are  not  inverted,  as  this  is  liable  to  break  the  column 
again.  Never  place  the  thermometer  with  the  bulb  higher  than  the 
other  end.  In  placing  thermometers  on  any  part  of  a  machine  while 
the  power  is  on,  care  should  be  taken  that  the  natural  ventilation 
of  the  machine  is  not  interfered  with,  either  by  closing  up  the  venti- 
lating space  or  by  placing  too  much  packing  over  the  bulb  of  the 
thermometer  and  thereby  preventing  the  radiation  of  the  heat  gen- 
erated inside  of  the  coil  or  core.  A  general  rule  to  follow  is  to 
allow  one-eighth  inch  air  space  between  the  packing  on  the  bulb  of 
the  thermometer  and  the  part  of  the  winding  adjacent  to  it ;  for  this 


FIG.    I — THERMOMETERS    MOUNTED   ON    GENERATOR    FRAME — 
BULB   PROTECTED   BY   BALL   OF   CLAY    (AT   LEFT)    AND   FELT 
PAD    (at  right) 

purpose  a  pad  made  of  one-eighth  inch  felt  or  a  small  ball  of  about 
three-quarters  cubic  inch  of  a  paste  made  of  oil  and  clay  or  gum, 
can  be  used  to  cover  the  bulb  to  protect  it  from  the  air. 

When  placing  thermometers  on  the  stationary  armature  copper 
of  alternating-current  machines  or  field  coils  of  direct-current  ma- 
chines care  should  be  taken  that  the  felt  pad,  when  used,  is  tied 
closely  to  the  coil  with  string  (not  tape)  in  such  a  way  that  air 
from  the  machine  cannot  blow  on  the  bulb.  Where  the  curvature 
or  the  closeness  of  the  coils  prevents  fastening  the  felt  pad  on 
the  machine,  use  a  small  ball  of  gum,  or  a  paste  made  of  oil  and 
clay,  or  a  felt  pad,  as  shown  in  Fig.  i,  to  cover  the  bulb.  The  sur- 
face of  the  bulb  must  be  in  contact  with  the  coil  and  entirely  pro- 
tected from  the  air,  and  yet  the  natural  ventilation  of  the  machine 
must  not  be  obstructed. 

.       "^^ .^  '■ 
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Two  thermometers,  one  on  each  side  at  the  top  of  the  winding, 
should  be  placed  on  the  stationary  armature  copper  of  all  machines 
under  ten  horse-power.  On  all  machines  of  over  ten  horse-power, 
at  least  four  thermometers  should  be  used,  one  on  each  side  of  the 
winding  and  on  both  sides  of  the  yoke.  Good  locations  for  gen- 
eral usage  are  shown  in  Fig.  2. 

At  least  one  thermometer  should  be  placed  on  the  top  of  each 
of  two  field  coils  located  above  the  horizontal  center  line  and  on 
opposite  sides  of  the  machine,  as  these  are  likely  to  be  hotter  than 
coils  in  the  lower  part  of  the  machine.     The  thermometers  on  the 


FIG.    2 — GENtkAfOR   ON   TEST,    SHOWING   LOCATION    UF    THERMOM  hi  KKS. 

stationary  laminated  iron  should  be  protected  from  the  air  by  gum 
or  clay  or  a  felt  pad.  The  bulb  should  never  be  placed  in  the  venti- 
lating ducts  while  the  machine  is  running,  as  the  windage  of  the 
machine  will  give  very  unreliable  results.  On  a  running  test  do 
not  place  thermometers  on  the  laminations  too  near  the  ribs  holding 
the  iron,  since  at  times  these  ribs  arc  iiottcr  than  the  laminations 
themselves. 

On  machines  up  to  100  horse-power,  at  least  two  ihcrmouic- 
ters,  one  on  each  side,  should  be  used  on  the  laminated  iron. 
Where  it  is  impossible  to  put  them  directly  on  the  iron,  put  them 
on  that  part  of  the  frame  which  most  nearly  represents  the  tempera- 


70  THE  ELECTRIC  JOURNAL 

ture  of  the  laminations.     On  the  larger  machines  use  five  or  more 

thermometers,  placing  two  on  each  side,  one  on  the  top,  and  as  many 

more  as  may  be  required. 

Place  thermometers  in  all  bearings  during  running  tests  on  all 

machines  over  75  kilowatts,  being  careful  that  the  movement  of 
the  oil  rings  is  not  interfered  with.  On  machines  under  this  rating 
feel  the  bearings  by  hand  and  note  results  on  the  test  sheet.  A  limit 
of  35  degrees  C.  rise  is  allowed  on  all  bearings,  except  on  small  en- 
closed machines  where  a  rise  of  40  degrees  C.  is  permissible. 

In  taking  the  air  temperature  use  the  average  of  the  tempera- 
tures taken  during  the  last  quarter  of  the  run  of  tests  of  more  than 
two  hours  duration,  and  the  average  of  the  last  three  readings  on 
runs  of  less  than  two  hours,  as  the  final  temperature  to  be  used  in 
calculating  the  temperature  rise  and  also  for  correcting  the  hot  re- 
sistance. 

On  small  machines,  place  two  thermometers,  one  on  each  side 
of  the  machine,  so  as  to  get  the  average  temperature  of  the  air  going 
into  the  machine.  On  the  larger  machines  place  four  or  more  ther- 
mometers around  the  machine  in  such  positions  as  will  give  the 
temperature  of  the  air  entering  the  machine.  These  thermometers 
should  not  be  placed  over  five  feet  from  either  side  of  the  revolving 
part  of  the  machine  and  should  be  in  the  same  horizontal  plane  as 
tlie  shaft  and  not  over  one  foot  from  each  side  of  the  bearings.  Any 
peculiar  conditions  in  the  air  circulation  should  be  noted  on  the  test 
sheet.  The  ingoing  air  should  be  explored  with  a  thermometer  to 
see  if  any  of  the  hot  air  coming  from  the  windings  is  going  directly 
back  into  the  machine  again.  Usually  the  ingoing  air  will  be  along 
the  shaft.  On  machines  with  enclosed  end  bells,  the  temperature 
of  the  ingoing  air  should  be  taken.  The  positions  of  the  thermom- 
eters should  be  determined  by  the  tester  so  as  to  get  as  nearly  as 
possible  the  average  temperature  of  the  air  entering  the  machine. 

Temperatures  After  Shut-Down — Since  there  is  no  heat  being 
generated  in  the  machine  after  the  power  is  cut  off,  the  bulbs  of  all 
thermometers  on  any  part  of  the  machine,  including  those  on  during 
the  running  test  must,  after  the  shut-down,  be  covered  with  warm 
waste  and  well  protected  from  adjacent  parts  of  the  machine  so  as 
not  to  be  influenced  by  the  temperatures  of  those  parts.  Enough 
waste  must  be  used  to  cover  the  bulb  and  that  part  of  the  machine 
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within  two  inches  of  the  bulb.     Take  readings  of  all  thermometers 
every  two  minutes  until  they  reach  a  constant  temperature. 

Thermometers  on  the  shunt  or  separate  field  coils  should  be 
placed  on  the  top  of  at  least  two  coils  located  above  the  horizontal 
center  line  and  on  opposite  side  of  the  machine,  in  as  close  contact 
with  the  actual  copper  as  possible  without  disturbing  the  insulation 
on  the  coil ;  on  machines  with  stationary  fields  these  two  thermom- 
eters are  put  on  for  the  running  test.  Two  additional  thermometers 
should  be  placed  on  the  coils  at  spots  which  are  likely  to  be  the 
hottest.  When  coils  are  of  the  sectional  type,  thermometers  should 
be  placed  on  the  edge  of  the  first  section  next  to  the  yoke  and  also 
between  the  first  and  second  sections. 

Place  thermometers  on  series  and  comniutating  pole  field  coils 
in  the  best  manner  possible,  getting  as  much  of  the  bulb  in  contact 
with  the  coils  as  possible.  The  thermometers  should  be  placed  on 
at  least  two  coils  above  the  horizontal  center  line  of  the  machine 
on  opposite  sides  of  the  yoke.  When  coils  are  of  the  ventilated 
type,  place  a  thermometer  between  adjacent  turns.  Do  not  place 
thermometers  too  close  to  the  joints  of  the  coil,  as  these  are  usually 
uninsulated  and  are  likely  to  be  cooler  than  any  other  part  of  the 
coil  on  account  of  the  better  ventilation. 

Place  two  thermometers  on  the  revolving  armature  copper  of 
all  armatures  under  75  kilow-atts,  one  in  the  front  and  one  in  the 
rear,  being  careful  to  get  in  as  close  contact  with  the  coils  as  pos- 
sible, and  pack  well  with  waste.  In  machines  over  75  kilowatts, 
use  four  thermometers,  two  in  front  and  two  in  the  rear,  if  possible 
getting  those  in  the  rear  in  between  the  coils.  Do  not  put  these 
thermometers  too  close  to  the  armature  iron,  as  the  interchange  of 
heat  between  the  windings  and  the  iron  is  very  rapid. 

On  the  revolving  copper  of  induction  motor,  use  two  thermom- 
eters for  machines  under  50  horse-power.  These  must  be  placed 
as  the  motor  comes  to  rest,  as  the  rotor  cools  very  rapidly.  The 
bulbs  should  be  in  contact  with  the  copper  and  well  packed  witii 
waste.  On  machines  of  over  50  horse-power  capacity  use  four  ther- 
mometers, placing  one  on  each  side  of  the  machine.  Place  two  ther- 
mometers on  the  revolving  armature  iron  of  all  machines,  one  in 
front  and  one  in  the  rear,  being  very  careful  to  get  them  on  the  iron 
and  not  on  the  fibre  wedges  holding  the  armature  coils:  pack  well 
with  waste.  Place  an  additional  thermometer  on  the  armature  iron 
from  the  inside  of  the  spider  when  it  is  easy  accessible.  Pack  all 
around  thermometers  on  the  stationary  armature  iron  with  warm 
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waste  after  the  machine  is  shut  down.  Whenever  possible  place  an 
additional  thermometer  on  the  iron  in  the  air-gap. 

In  addition  to  the  above  thermometers  it  is  advisable  to  take 
the  temperature  of  the  iron  in  the  ventilating  ducts,  since  at  times 
this  part  of  the  iron  is  hotter  than  at  any  other  point.  On  field  pole 
tips  and  dampers,  and  on  squirrel  cage  dampers,  take  careful  tem- 
peratures as  these  at  times  show  a  higher  rise  than  the  field  coils. 
These  temperatures  are  hard  to  get  accurately,  except  on  machines 
with  large  air-gaps,  so  that  considerable  care  must  be  used  in  plac- 
ing thermometers ;  pack  well  with  waste  and  protect  them  as  much 
as  possible  from  the  other  parts  of  the  machine. 

For  the  commutator  temperatures,  waste  should  be  well  packed 
under  the  back  of  the  carbon  holders  with  the  bulb  of  the  thermom- 
eter placed  under  this  waste,  getting  as  close  contact  between  bulb 
and  commutator  as  is  possible  without  touching  the  brushes.  On 
machines  of  under  ten  horse-power  rating  use  one  thermometer; 
on  machines  rated  from  lo  to  lOO  horse-power  use  two  thermom- 
eters, and  on  machines  of  over  lOO  horse-power  use  as  many  as 
may  be  necessary,  placing  them  equidistant  across  the  face  of  the 
commutator.  Place  thermometers  on  collector  rings  as  carefully 
as  possible  and  pack  well  with  waste. 

Speed  Indicators — Numerous  direct  reading  tachometers  and 
speed  indicators  are  on  the  market  which  give  varying  degrees  of 
satisfaction.  No  one  of  them,  however,  can  be  considered  quite  as 
accurate  as  carefully  counting  the  revolutions  in  a  given  time  by 
means  of  a  reliable  speed  indicator,  and  all  of  them  are  dependent 
upon  a  speed  counter  for  calibration.  The  speed  counter  is 
quite  familiar  and  its  use  is  quite  simple.  A  few  precautions  are 
necessary,  however,  in  order  to  secure  the  best  results.  Care  should 
be  exercised  that  the  axis  of  the  speed  counter  is  held  in  alignment 
with  the  shaft,  as  erratic  results  may  be  secured  by  holding  it  at 
an  angle.  A  stop  watch  is  not  necessary,  nor  is  an  extremely  accu- 
rate watch  required.  Any  time  piece  which  does  not  vary  more 
than  one  minute  per  day  should  be  satisfactory.  Speeds  should  be 
counted  through  some  definite  period  of  time,  one-quarter  or  one- 
half  minute  if  only  approximate  results  are  desired,  but  not  less 
than  on©  minute  for  greater  accuracy.  It  is  not  advisable  to  hold 
the  point  of  the  speed  counter  away  from  the  shaft  and  endeavor  to 
force  it  into  contact  at  a  given  instant,  as  great  accuracy  is  not  pos- 
sible in  this  way.  The  point  of  the  speed  counter  should  instead 
be  placed  in  actual  contact  with  the  center  of  the  shaft,  but  held 


SHOP  TESTING  OF  ELECTRICAL  MACHINERY      73 

from  rotation  by  the  thumb  and  finger.  It  is  then  possible  to  release 
the  hold  at  any  given  instant  with  much  greater  accuracy.  At  the 
end  of  the  given  period  the  speed  counter  is  at  once  pulled  away 
from  the  shaft  and  its  rotating  element  gripped  with  the  fingers, 
this  serving  as  a  double  check. 

For  fluctuating  speeds  some  type  of  tachometer  is  quite  con- 
venient if  not  necessary.  A  standard  form  consists  of  a  small 
magneto  which  is  positively  driven  from  the  rotating  apparatus 
through  gears,  a  chain  or  flexible  shaft.  By  inserting  a  suitable  re- 
sistance in  series  with  a  voltmeter  connected  across  its  terminals  the 
reading  of  the  voltmeter  may  be  made  some  even  multiple  of  the 
revolutions  per  minute.  This  combination  must  be  calibrated  with 
a  speed  counter  both  before  and  after  each  test  to  insure  accuracy, 
as  the  voltage  of  magneto  is  subject  to  fluctuations. 

In  the  smaller  portable  tachometers  that  which  is  actuated  by 
a  single  balance  weight  operated  by  centrifugal  force  is  quite  sat- 
isfactory and  the  calibration  is  much  more  permanent  than  in  the 
types  equipped  with  a  double  balance  weight.  The  instrument  is 
light  and  easy  to  handle,  and  if  calibrated  daily  with  a  speed  coun- 
ter gives  very  satisfactory  results.  Liquid  tachometers  consist  of 
a  small  centrifugal  pump,  pumping  a  light  and  usually  colored  fluid 
into  a  vertical  calibrated  glass  tube,  the  static  head  being  in  pro- 
portion to  the  speed  of  the  rotor.  Like  all  other  tachometers,  this 
instrument  is  satisfactory  only  if  calibrated  quite  frequently.  It 
is  not  readily  portable,  and  must  be  positively  driven. 

Testing  Tables — Where  tests  are  being  repeatedly  made,  as  in 
the  testing  department  of  a  large  factory,  special  testing  tables  wired 
with  switches  and  instrument  leads  in  convenient  locations  greatly 
facilitate  routine  testing. 


THE    ELECTRO-PNEUMATIC    BRAKE    SYSTEM 

FOR  STEAM  ROAD  SERVICE 

WALTER  V.  TURNER  and  P.  H.  DONOVAN, 
Chief  Engineer  Mechanical  Engineer 

Westinghouse  Air  Brake  Company 

This  is  tha  first  installment  of  an  admirable  description  of  the  latest 
practice  in  the  design  and  operation  of  electro-pneumatic  brakes,  based  on  a 
paper  read  before  The  Franklin  Institute  by  Mr.  Turner,  to  whom  was 
awarded  The  Elliott  Cresson  Medal  by  the  Institute. — Ed.) 

IT  has  long  been  known  that  electricity  could  add  to  the  flex- 
ibility and  efficiency  of  a  compressed-air  brake,  but,  so  far 
as  steam  road  equipment  is  concerned,  there  are  four  chief 
reasons  why  it  has  not  heretofore  been  employed  for  this 
purpose : — 

I — Electric  current  has  not  been  available  without  special 
provision  being  made  for  it. 

2 — We  have  not  had  sufficient  knowledge  or  material  at 
hand  to  insure  a  reliable  ciuTent  and  connections. 

3 — The  present  air  brake  has  been  sufficiently  flexible  and 
near  enough  to  being  simultaneous  for  the  conditions  up  to  quite 
recently. 

4 — The  pneumatic  brake  had  not  been  brought  to  such  a 
degree  of  perfection  as  would  warrant  the  application  of  elec- 
tricity to  it. 

Now,  however,  current  is  available  on  practically  all  the 
steam  trunk  lines,  as  well  as  on  electric  railways,  as  nearly  all 
first  class  trains  are  lighted  by  electricity.  The  art  has  developed 
into  a  science,  in  that  reliable  information  and  data  are  at  hand  with 
which  to  make  practicable  applications,  and  jumper  connections  have 
been  brought  to  such  a  state  of  simplicity  and  reliability  that  there 
is  no  longer  need  for  fear  in  these  respects. 

As  alTecting  the  action  and  results  of  the  operation  of  the 
pneumatic  brake,  at  least  two  serious  changes  in  conditions  have 
occurred ; — the  use  of  heavier  vehicles  and  longer  trains. 

In  addition  to  this,  time  has  ibecome  much  more  important 
than  heretofore  because  of  the  congestion  of  traffic,  particularly 
in  and  adjacent  to  large  cities,  and  because  the  time  lapse  as  a 
factor  in  controlling  trains  composed  of  heavy  vehicles  with  the 
pneumatic  brake  has  become  quite  serious.  The  time  element  in 
the  'brake  operation  is  very  important  in  two  ways.  In  one,  it 
is  very  necessary,  and  in  the  other  very  undesirable.  For  service 
operations  a  time  interval  is  necessary  in  some  steps  of  the  oper- 
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ation ;  for  instance,  while  it  is  important  that  the  l)rakc  com- 
mence to  apply  on  each  vehicle  of  a  train  simultaneously,  it  is 
equally  important  that  the  development  of  the  force  be  obtained 
gradually  and  both  for  the  same  reason,  namely,  the  elimination 
of  damaging  shocks  and  discomforting  surges  to  or  in  the  train. 
The  simultaneous  application  prevents  the  slack  from  first  run- 
ning in  and  then  out,  and  so  on ;  while  the  slow  rise  of  cylinder 
pressure  prevents  a  too  sudden  and  rapid  change  of  motion,  that 
is,  deceleration  with  its  consequent  disagreeable  etTect  upon  the 
passengers.  In  emergencies  the  time  element  is  very  undesir- 
able, as  to  stop  is  then  the  only  consideration,  the  rcciuirements 
being  that  the  consequences  be  less  disastrous  than  if  the  acci- 
dent had  not  been  avoided. 

With  regard  to  time  so  far  as  trafific  is  concerned,  every 
second  saved  between  stations  means  an  increase  in  the  num- 
ber of  passengers  it  is  possible  to  carry  on  the  same  track,  as 
well  as  a  reduction  in  the  schedule  time,  and  consequently  greater 
realization  of  the  object  of  running  a  railroad. 

With  regard  to  the  time  affecting  results  of  pneumatic  brake 
operation,  this  is  manifested  with  long  trains  in  the  increase  of 
time  necessary  to  get  the  brake  applied,  and  l)y  shocks  and 
stresses,  due  to  the  different  designs  of  brake  apparatus,  or  force 
at  the  front  and  rear  of  the  train,  at  the  same  instant,  and  the 
more  rapidly  it  is  attempted  to  apply  the  l)rakes  (when  rapitlity 
does  not  include  simultaneous  action)  the  greater  will  be  the 
shocks  and  stresses.  Moreover,  with  passenger  rolling  stock  de- 
veloped to  its  present  state  or  condition  for  the  comfort  of  trav- 
elers, any  shortcomings,  or  lack  of  improvements  in  this  respect 
stand  out  very  prominently  by  contrast,  and  this  is  particularly 
true  of  what  is  probably  the  only  remaining  two  improvements  to  be 
made  in  modern  trains,  namely,  eliminating  the  discomforts  pro- 
duced hy  the  starting  and  stopping  of  these  trains. 

The  application  of  electric  current  to  the  brake  will  not  only 
eliminate  the  shocks  and  surges  that  occur  with  even  the  present 
slow  service  rate  of  brake  application,  but  will  permit  the  appli- 
cation to  be  made  more  rapidly  throughout  the  train  as  a  whole. 
This  will  be  understood  when  it  is  considered  that  a  train  in  mo- 
tion is,  in  effect,  a  power  plant,  having  kinetic  energy,  the  utilization 
of  which  can  be  spread  over  many  minutes,  on  the  one  hand,  or 
condensed  into  a  few  seconds,  on  the  other.     That  is,  the  train 
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may  be  permitted  to  dissipate  its  energy  in  minutes  or  compelled 
to  do  it  in  seconds. 

With  regard  to  the  fourth  proposition  namely,  that  the  pneu- 
matic brake  has  not  until  recently  reached  such  a  stage  as  would 
warrant  its  being  actuated  electrically,  electricity  would  not  add 
to  the  braking  force,  its  purpose  being  to  produce  simultaneous 
operation ;  the  application  of  the  brake,  in  other  respects,  being 
identical   with   the   ordinary   pneumatic   operations.     The   chief 
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FIG.    I — SPEED-TIME   AND  BRAKING  CURVES,    SERVICE   APPLICATION 

purpose  in  adding  electricity  to  a  pneumatic  brake  is  to  transmit 
the  intent  of  the  engineer  or  operator  instantly  to  each  vehicle 
of  the  train,  thus  eliminating  shocks  and  stresses,  both  in  serv- 
ice and  emergency,  and  to  shorten  the  emergency  stop  somewhat 
by  producing  instantaneous  application  of  the  brakes  on  all  ve- 
hicles in  the  train. 

In  the  last  year  or  two  vehicles  have  become  so  large  and 
heavy  and  trains  so  long  because  of  large  locomotives  that  the 
time  element  between  the  application  and  release  of  the  brake 
from  the  engine  to  the  last  car  has  become  a  quite  serious  factor, 
since  it  permits  the  slack  to  run  in  or  out,  producing  discomfort- 
ing and  sometimes  dangerous  shocks.  Operating  the  service 
brakes  electrically  under  such  conditions  will  eliminate  this,  while, 
in  emergency,  it  will  serve  the  twofold  purpose  of  preventing  shocks 
and  shortening  the  stops. 

Before  going  into  the  design  of  the  electro-pneumatic  brake, 
it  may  be  well  to  show  some  of  its  advantageous  features  and  to 
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emphasize  the  importance  of  improving  the  pneumatic  brake  to 
its  highest  degree,  before  adding  electric  features,  by  showing  a 
few  curves  illustrative  of  the  characteristics  of  the  various  im- 
provements or  changes  in  results.  The  advantages  of  the  electro- 
pneumatic  equipment  over  the  strictly  pneumatic  equipment  for 
service  and  emergency  operation  are  shown  in  Figs,  i,  2,  and  3. 

The  results  shown  on  these  curves  represent  service  and 
emergency  stops  made  from  a  speed  of  40  miles  per  hour  with 
a  ten  car  train  equipped  with  the  electro-pneumatic  brake  and  an 
eight  car  train  equipped  with  the  old  style  equipment.  Curves 
/  and  2  on  each  figure  illustrate  the  relative  decrease  in  speed  as 
the  stop  is  approached,  and  curves  j  and  4  show  the  relative  per- 
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riC.    2 — SPEED-DISTANCE   AND   BRAKING   CURVES,    EMERGENCY    APPLICATION 

centage  of  braking  power  developed.  The  full  line  curves  in  each 
case  represent  the  improved  equipment,  the  dotted  line  curves 
the  old  equipment. 

Fig,  I  represents  comparative  stops  made  with  a  typical  ser- 
vice application  of  the  brakes  in  each  case.  These  curves  are 
plotted  on  a  time  base  to  permit  of  more  directly  representing  the 
time  saved  and  economy  factor  of  the  electro-pneumatic  equipment 
as  compared  with  the  old  pneumatic  equipment.  It  will  be  seen 
that  with  the  average  manipulation,  characteristic  of  the  two 
types  of  equipment,  there  is  a  saving  of  20  seconds  in  the  time  of 
stop,  in  favor  of  the  electro-pneumatic  equipment.  It  will  be  evi- 
dent that  this  shortening  of  time  of  the  stops  is  due  to  the  fact  that 
a  higher  braking  power  is  obtained  in  a  shorter  time,  and  that  the 
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service  action  is  started  simultaneously  on  each  car,  as  compared 
with  the  old  pneumatic  equipment. 

The  high  percentage  of  braking  power  is  permissible  with 
the  electro-pneumatic  equipment  by  reason  of  the  great  flexibility 
of  this  equipment;  that  is,  the  simultaneous  action  permits  of  a 
high  braking  force  at  the  start,  while  the  speed  is  high,  and  by 
means  of  the  graduated  release  feature  the  braking  force  can  be 
gradually  reduced  as  the  speed  of  the  train  decreases.  With 
the  old  pneumatic  equipment  not  having  the  graduated  release 
feature  the  serial  action  in  applying  the  brake,  required  different 
manipulations  and  would  not  permit  of  the  use  of  high  braking 
force  if  smoothness  of  stop  was  to  be  considered. 

The  maximum  braking  power  with  the  new  equipment  (as 
shown  'by  Curve  3,  108  percent)  was  obtained  in  about  4^^  sec- 
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FIG.   3 — SPEED-DISTANCE   AND   BRAKING   CURVES,   EMERGENCY   APPLICATION 

onds,  an<i  was  retained  for  about  11  seconds  longer,  or  until  the 
speed  of  the  train  had  been  reduced  to  about  14  miles  per  hour, 
after  which  the  brake  was  graduated  ofif,  the  train  coming  to  a 
stop,  with  the  braking  power  reduced  to  29  percent.  This  curve 
may  then  'be  considered  as  a  typical  braking  power  curve  show- 
ing the  graduated  release  stop. 

The  maximum  braking  power  with  the  old  equipment,  (as 
shown  by  Curve  4,  67.5  percent)  was  obtained  after  a  lapse  of  16 
seconds  and  was  retained  for  about  13  seconds  longer,  or  until 
the  speed  of  the  train  was  reduced  to  about  14  miles  per  hour, 
at  which  time  the  brake  valve  was  moved  to  release  and  back  to 
lap,  and  then  a  second  application  was  made,  the  train  coming 
to  a  stop  with  the  braking  power  about  33.75  percent.  This  curve 
may  then  be  considered  a  typical  braking  power  curve  showing 
the  usual  two-application  stop,  which  is  the  nearest  approach  to 
the  graduated  release  possible  with  the  old  equipment. 
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It  will  be  noted  that  at  the  time  the  ten  car  (electro-pneuma- 
tic) train  has  come  to  a  stop,  the  eight  car  (old  equipment)  train 
is  still  moving  at  a  speed  of  25  miles  per  hour  (62.5  percent  of 
its  initial  speed),  with  about  39  percent  of  its  original  energy  still 
remaining  to  be  overcome  before  it  can  be  brought  to  a  stand- 
still. This  shortening  in  the  time  of  stop  makes  possible  higher 
speeds  and  shorter  schedules,  with  consequent  increased  traffic 
capacity  w^ith  the  same  number  of  cars  and  power  consumption; 
or  the  same  traffic  capacity  with  fewer  cars;  or  the  same  average 
speeds,  schedules  and  traffic  capacity  with  less  power  consump- 
tion, since  the  power  may  be  shut  off  sooner  and  the  train  al- 
lowed to  drift  or  coast  for  11  seconds  (645  feet)  before  applying 
the  brakes  to  make  the  stop  at  the  same  point. 

Even  with  this  possibility  of  making  service  stops  in  a  much 
shorter  time,  and  thus  increasing  the  traffic  capacity  of  the  sys- 
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tern,  there  still  remains  the  necessity  of  keeping  the  signals 
spaced  the  same  distance  as  before,  unless  the  emergency  fea- 
tures of  the  brake  are  improved  as  well  as  the  service.  P.ut  with 
the  emergency  brake  improved,  and  the  ability  to  stop  the  train 
in  a  much  shorter  distance,  as  shown  by  the  curves  in  I'ig.  3. 
it  is  possible  to  decrease  the  distance  between  signals  ami  still 
maintain  even  greater  safety  than  before. 

Tt  is  possible  then  to  not  only  run  on  a  much  less  headway, 
and  in  some  cases  double  the  number  of  trains  operating,  but 
also  longer  trains  may  be  operated,  since,  by  the  simultane(ins 
and  uniform  action  of  the  brakes,  shocks  and  stresses  are  reduced 
to  a  minimum. 

Fig.  2  represents  comparative  stops  made  with  an  emergency 
application  of  the  brakes  in  each  case.  These  curves  arc  plotted 
on  a  distance  base  to  compare  the  loujth  of  stop  and  relative  safety 
factor  of  the  two  equipments.     It  will  be  seen  that  the  stop  with 
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the  train  having  the  electro-pneumatic  equipment  is  made  in  a 
much  shorter  distance  and  less  time  than  that  with  the  old  equip- 
ment. At  the  530  foot  mark  where  the  electro-pneumatic  train 
stopped,  the  other  is  moving  at  a  speed  of  28.3  miles  per  hour 
(71  percent  of  its  initial  speed),  with  50  percent  of  its  original 
energy  still  remaining  to  be  overcome  before  the  train  comes  to 
a  standstill.  At  the  time  the  electro-pneumatic  train  stopped, 
the  old  equipment  train  has  run  140  feet  farther  and  is  still  mov- 
ing at  a  speed  of  20.2  miles  per  hour,  representing  25.5  percent 
of  its  original  energy.  This  shortening  of  the  stopping  distance 
with  the  electro-pneumatic  train  results  from  the  increased  per- 
centage of  braking  power  over  that  obtained  with  the  old  equip- 
ment train  and  also  from  the  fact  that  simultaneous  emergency  ac- 
tion is  obtained  throughout  the  train,  as  against  serial  action  with 
the  old  equipment. 

The  maximum  braking  power  in  the  old  equipment  train 
was  only  79  percent,  and  was  obtained  at  about  150  feet  from  the 
point  where  the  brakes  were  applied;  while  120  percent  braking 
power  was  obtained  in  the  electro-pneumatic  train  after  it  had 

ELECTRIC  SERVICE 


T 


Or:  Nos.  I  and   10  Coincide 
I  1  I 1 1 1 1 

12  3  4  5*' 

PNEUMATIC  SERVICE 


14      Seconds 


1 4      Seconds 


FIG.   5 


run  about  40  feet  from  the  point  where  the  brakes  were  applied. 

Fig.  3  represents  comparative  stops  made  with  an  emer- 
gency application  of  the  brakes  on  an  eight  car  old  equipment 
train  and  a  ten  car  train  equipped  with  the  most  improved  elec- 
tro-pneumatic brake  (main  reservoir  pressure  used  in  emer- 
gency). 

The  maximum  'braking  power  obtained  with  the  improved 
electro-pneumatic  equipment  is  175  percent,  as  against  79  percent 
with  the  old  equipment.  The  latter  train  ran  650  feet  before 
coming  to  a  stop,  while  the  former  train  was  brought  to  a  stand- 
still in  275  feet.  As  the  old  equipment  train  passed  the  point 
where  the  improved  electro-pneumatic  equipment  train  stopped, 
it  was  running  at  a  speed  of  31.9  miles  per  hour  (79.75  percent 
of  the  initial  speed,  with  63.5  percent  of  its  original  energy)  and 
at  the  time  the  improved  electro-pneumatic  train  was  brought  to 
a  stop,  the  old  equipment  train  was  still  running  at  the  rate  of 
22.8  miles  per  hour  (57  per'cent  of  its  initial  speed)  with  37.5 
percent  of  its  original  energy  remaining). 

By  comparing  the  curves  for  the  electro-pneumatic  equip- 
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merit  and  tlie  improved  electro-pneumatic  equipment,  it  will  he 
seen  that  the  braking  power  for  the  latter  is  greater  than  the 
former  by  35  percent  and  its  stopping  distance  is  75  feet  shorter. 
This  is  due  to  the  fact  that  main  reservoir  pressure  (approxi- 
mately 100  pounds)  is  obtained  in  emergency  operations,  thus 
giving  the  high  braking  power. 

To  further  show  the  immense  value  and  powerful  effective- 
ness of  the  improved  form  of  electro-pneumatic  brake,  the  fol- 
lowing might  be  added: — The  ten  car  train,  weighing  331  tons 
and  running  at  a  speed  of  40  miles  per  hour,  has  a  kinetic  or 
"wrecking"  energy'  of  17800  foot-tons,  equivalent  to  raising  a 
ton  weight  to  the  height  of  17800  feet,  or  to  raising  the  whole 
train  to  a  height  of  54  feet.  This  energy  is  entirely  dissipated 
by  the  brake  and  the  train  brought  to  a  stop  in  9.25  seconds,  and 
in  a  distance  of  275  feet  from  the  point  where  the  brakes  were 
applied. 

I  illustrates  the  great  difference  in  the 
rate  of  brake-pipe  reduction  between  a  5 
car  and  a  100  car  train  when  making  a 
pneumatic  service  application.  Comparing 
the  results  obtained  from  the  two  trains, 
it  will  be  seen  that  with  the  5  car  train  the 
brake  pipe  reduction  started  immediately, 
and  in  six  seconds  time  a  20  pound  re- 
duction was  obtained ;  while  with  the  100 
car  train  the  reduction  did  not  start  until 
20  seconds  time,  and  it  required  75  sec- 
onds to  obtain  a  20  pound  reduction. 
Diagram  2  shows  the  rise  in  brake  cylin- 
der pressure  resulting  from  the  brake  pipe 
reduction  shown  in  Diagram  /.  and  is 
proportional  thereto.  Diagram  •;  shows  the  drop  in  brake  pipe 
pressure,  and  Diagram  ./  shows  the  rise  in  brake  cylinder  j)ressure 
resulting  from  an  electro-pneumatic  service  application.  Since  the 
clcctro-j)ncumatic  operation  is  sinniltancc^us.  the  same  brake  pipe 
and  brake  cylinder  cards  would  be  obtained  on  every  car  in  tlic 
train,  regardless  of  the  length  of  the  train. 

The  advantages  of  the  elcctro-j^ncumatic  equipment  arc 
clearly  shown  here,  as  the  time  clement  is  entirely  eliminatcil, 
resulting  in  each  car  starting  to  do  its  share  of  braking  sim- 
ultaneously. This  simultaneous  action  of  the  brake  eliminates 
the  disastrous  results  due  to  the  slack  between  the  cars. 

Two  diagrams  are  shown  in  Fig.  5,  the  upper  diagram  illus- 
trating an  electro-pneumatic  service  brake  application,  showing 
the  start  of  rise  in  brake  cylinder  pressure  in  1.9  seconds  and  the 
maximtmi  cylinder  pressure  obtained  in  5.5  seconds,  and  all 
brakes  applying  simultaneously.  The  lower  diagram  shows  the 
results  obtained  from  a  pneumatic  service  brake  application  on  a 
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ten  car  train.  The  time  for  starting  the  rise  in  'brake  cylinder 
pressure  was  2.75  seconds,  and  the  time  for  obtaining  the  max- 
imum brake  cyHnder  pressure  was  ii  seconds.  The  difference  in 
time  between  the  first  and  tenth  cars,  in  start  of  rise  in  brake 
cylinder  pressure,  was  one  second. 

Two  diagrams  are  shown  in  Fig.  6,  the  upper  diagram  illus- 
trating the  results  obtained  from  an  electro-pneumatic  emergency 
application  on  a  ten  car  train.  The  lower  diagram  shows  the  re- 
sults obtained  from  a  pneumatic  emergency  application  on  a 
ten  car  train.  Comparing  these  diagrams,  it  will  be  seen  that  the 
only  difference  is  in  the  time  of  transmission. 

In  the  diagrams  shown  in  Fig.  7,  the  upper  curves  il- 
lustrate the  results  obtained  from  a  pneumatic  emergency  appli- 
cation with  the  "PC"  equipment.  The  maximum  brake  cylin- 
der pressure  was  obtained  in  2.8  seconds,  resulting  in  a  braking 
power  of  180  percent.  The  lower  curves  show  the  results  ob- 
tained from  a  pneumat- 
ic emergency  application 
with  a  double  "PM" 
equipment,  (a  complete 
brake  equipment  for  each 
truck.)  The  maximum 
brake  cylinder  pressure 
was  obtained  in  5.6  sec- 
onds, resulting  in  a  brak- 
ing powef  of  114  percent. 
These  curves  graphically 
illustrate  the  great  differ- 
ence that  exists  between 
different  equipments,  and 
that  greater  gain  can  be 
had  by  imiproving  the 
pneumatic  portion  of  the 
brake  than  by  adding  the 
electric  features  to  the  old  equipment. 

In  order  to  compare  the  two  equipments,  the  stopping  of 
two  ten  car  trains  running  at  60  miles  per  hour  will  be  consid- 
ered, the  energ}'  in  these  trains  being  120  foot  tons  per  ton 
weight.  The  train  equipped  with  "P  C"  equipment  will  stop  in 
575  feet  shorter  distance  than  the  train  equipped  with  the  "P  M" 
equipment.  If  the  train  having  the  "P  M"  equipment  had  the 
electric  features  added,  without  any  other  improvement,  the  stop 
would  be  shortened  only  about  70  feet;  therefore,  the  stopping 
distance  would  still  be  500  feet  longer  than  with  the  train 
equipped  with  the  latest  improved  automatic  features.  This  is  be- 
cause adding  the  electric  features  merely  eliminates  the  time  of 
transmission,  the  greater  benefit  being  the  prevention  of  serious 
shocks  and  break-in-twos. 

{To  he  Continued) 
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SWITCHBOARDS  FOR   ALTERNATING-CURRENT 
POWER  STATIONS— GENERAL 

C.  H.  SANDERSON 
General  Engineer.  Switchboard  and  Power  Station  Design.  Wesllnghouse  Electric  &  Mfg.  Company 

TllERi^  are  three  distinct  classes  of  switchboards  which  are 
suitable  for  alternating-current  stations: — The  "self-con- 
tained" panel  type,  hereinafter  called  "Class  i",  the  "remote 
mechanically  controlled"'  called  "Class  2",  and  the  "electrically  op- 
erated", called  "Class  3." 

Class  /  includes  those  switchboards  in  which  all  apparatus  is 
mounted  on  the  panels ;  Class  2,  those  in  which  the  main  current 
carrying  parts  are  mounted  apart  from  the  board  with  main 
switching  devices  mechanically  controlled  by  means  of  levers  on 
the  panels ;  Class  5,  those  in  which  the  switching  devices  are 
operated  by  solenoids  or  motors,  or,  in  a  few  cases,  by  a  combina- 
tion of  solenoids  and  compressed  air,  known  as  electro-pneumatic 
operation.     The  classes  are  illustrated  in  Figs,  i,  2  and  3. 

The  question  often  arises  as  to  the  dividing  line  between  these 
three  classes.  This  can  only  be  answered  in  a  general  way.  There 
are  many  instances  in  which  but  one  of  the  three  classes  seems  ap- 
plicable. There  are  also  many  instances  in  which  any  one  of  the 
three  could  be  applied  with  good  results.  In  a  large  number  of  in- 
stances, however,  the  advantages  are  so  equally  balanced  that  the 
dividing  line  becomes,  in  reality,  a  broad  belt  of  uncertain  width, 
increasing  in  advantage  for  one  class  or  the  other  near  the  edges. 

The  principal  factors  influencing  a  choice  of  one  over  the  other 
two  classes  are : — Power  to  be  handled,  essential  operating  features, 
space  required,  and  permissible  cost.  A  comparative  discussion  of 
the  three  classes  as  regards  these  factors  may.  therefore,  be  of 
some  assistance  to  those  who  have  to  make  a  choice. 

CAPACITY  TO  BE  HANDLED 

The  capacity  of  a  station  determines  the  class  of  switching 
devices  which  may  be  used,  which  in  turn,  u.«ually  determines  the 
class  of  switchlxtard  to  be  cmi)loycd.  Oil  switches  and  circuit 
breakers  are  given  an  ultimate  breaking  capacity  rating  just  as 
they  are  given  a  current  and  voltage  rating.  These  ratings  are  de- 
termined by  three  characteristics;  namely,  the  insulation  for  a  given 
voltage,  the  size  and  arrangement  of  the  current  carryitig  parts  for  a 
given  current  rating,  and  the  ability  to  withstand  the  severe 
mechanical  stresses  due  to  the  explosive  eflfects  of  short-circuit.s. 
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fiiln         rrUn         nihn         rrlh     ^ 


FECOER  PANEL 


FIG.    I — SWITCHBOARD   OF   SELF-CONTAINED   TYPE    (CLASS    NO.    l)    FOR   TWO 
EXCITERS,  THREE  GENERATORS  AND  TWO  FEEDERS 

All  apparatus  except  rheostats  mounted  directly  on  panels. 
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tfcg^w*  C— -^'b*-*^ 


FIG.  2— MKCHANMCALLY  OPKRATKD  RKMOTE  CONTROL  SWITCHBOARD.  CLASS   NO.  2 

All    alternating-current    control    apparatus    is    mounted    apart    from    the 
switchboard.    When  this  class  of  board  is  of  the  remote  c  '^ 

ing  type,  the  apparatus  can  be  mounted  on  a  separate  trair.  K^hmH  the 

ihe  li)ard.  and  can  be  located  in  a  ^^P^'^'^  1°^""  .^t'^-J'Zt.^  ^f^Z^  ^,1 
switchboard,  the  distance  being  limited  by  the  weight  and  mert.a  me 

chanical  connections  to  the  circuit  breaker 
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The  ultimate  breaking  capacity  of  a  circuit  breaking  device,  there- 
fore, depends  primarily  on  the  dimensions  and  proper  association 
of  those  parts  which  must  bear  the  stresses  due  to  opening  under 
short-circuit.  The  amount  of  power  which  the  circuit  breaker  set 
for  instantaneous  tripping  must  interrupt,  in  case  of  short-circuit,  is 
not  that  indicated  by  the  nominal  rated  capacity  of  the  station,  but 
the  maximum  instantaneous  power  which  the  generators  are 
capable  of  delivering.  Modern  high  speed  generators  give  from  ten 
to  twenty  times  full-load  current  for  the  first  few  cycles  of  a  short- 
circuit.  Some  manufacturers  permit  even  higher  values,  instances 
of  fifty  times  full-load  current  on  short  circuit  being  reported. 

The    ultimate    capacity    ratings    of    circuit    breakers    are    now 


FIG.    3 — ELECTRICALLY   OPERATED   REMOTE   CONTROL   SWITCHBOARD,   CLASS    NO.    3 

This  board  is  arranged  for  controlling  one  more  generator  than  the  board 
shown  in  Figs,  i  and  2,  but  the  switchboard  is  much  shorter.  The  remote 
controlled  structure  for  switchboards  of  this  type  and  capacity,  when  similar 
switching  equipment  is  used,  look  very  much  like  the  remote  controlled  struc- 
ture shown  in  Fig.  2.  The  electrically  operated  board,  however,  is  usually  of 
much  greater  capacity  than  either  of  the  other  types  and  the  switching  equip- 
ment is  therefore  usually  mounted  in  a  separate  masonry  or  concrete  com- 
partment. 

usually  based  on  automatic  instantaneous  overload  tripping  in  con- 
nection with  turbogenerators  having  approximately  six  percent  in- 
herent reactance,  and  of  the  maximum  rated  voltage  given  for  the 
circuit  breaker.  The  circuit  breakers  are  considered  as  connected 
direct  and  close  to  the  source  of  power.  If  the  reactance  of  the 
generators  is  lower  than  six  percent,  external  reactance  should  be 
supplied  to  limit  the  flow  of  current  on  short-circuit  unless  there 
are  but  a  few  machines  of  moderate  capacity  connected  to  the  sys- 
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tern.  As  the  reactance  of  slow  speed  engine  type  machines  is  usually 
at  least  double  that  of  the  turbo-generators,  the  breaking  capacity 
rating  of  circuit  breakers,  when  used  in  connection  with  them,  may 
be  doubled. 

Oscillograph  records  show  that  the  first  rush  of  current  on  a 
short-circuit  falls  off  to  about  two  or  three  times  full-load  current 
at  the  end  of  one  and  one-half  to  two  seconds.  Therefore,  a  circuit 
breaker  provided  with  relays  having  a  definite  time  limit  setting  of 
two  or  more  seconds  may  be  given  double  or  triple  its  normal  rating, 
depending  on  whether  the  units  are  turbo-generators  or  slow  speed 
engine-type  generators.  Non-automatic  circuit  breakers  may  be 
given  two,  or  three,  or  even  four  times  the  rating  given  for  instan- 
taneous automatic  tripping,  depending  on  the  nature  of  the  units,  as 
the  first  rush  of  current  will  be  over  before  the  station  attendant 
can  trip  the  circuit  breakers. 

■         iCurrent  Trans. 

1 — I — I — I — r"^ 
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FIG.    5 — SINGLE   BUS    SYSTEM 

Used   for  small  stations  where  simplicity  and  economy  are  of 
primary  importance. 

The  protection  of  sub-stations  or  tie  lines  between  stations  pre- 
sents still  another  problem  in  rating.  As  in  the  case  of  added  react- 
tance  for  generators  in  the  shape  of  reactance  coils,  all  reactance 
added  by  transmission  lines,  transformers  or  in  any  other  manner, 
will  increase  the  circuit  breaking  capacity  rating  in  direct  proportion 
to  the  reactance  on  which  the  maximum  rating  of  the  circuit  breaker 
is  made.  For  example,  nine  percent  reactance  in  a  transmission  line 
with  its  step-up  and  step-down  transformers  will  permit  a  rating  two 
and  one-half  times  normal  for  the  low  tension  sub-station  circuit 

breakers. 

When  circuit  breakers  are  to  be  used  on  the  secondary  of  a 
step-down  transformer  some  distance  from  the  source  of  supply,  and 
the  capacity  of  the  transformer  is  small  in  comparison  with  that  of 
the  source  of  supply,  the  reactance  of  the  transformer  and  the  char- 
acteristics of  its  secondary  circuits  are  the  only  factors  which  need 
be  considered  in  determining  the  breakage  capacity  required. 

When  circuit  breakers  are  used  on  lower  voltages  than  the 
maximum  at  which  they  are  rated,  the  ultimate  current  breaking 
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capacity  niay  be  increased  one  percent  for  each  percent  decrease  in 
voltage. 

Reactance  Coils — By  the  use  of  current  limiting  reactance  coils 
at  various  points  in  the  system  the  ultimate  capacity  ratings  of  the 
circuit  breakers  at  those  points  may  be  decreased  in  direct  propor- 
tion to  the  reactance  employed.  It  is  possible  in  this  way  to  use  cir- 
cuit breakers  on  a  system  whose  ultimate  capacity  is  far  in  excess 
of  their  rating.  It  may  be  advisable  in  some  cases  to  use  the  com- 
bination of  reactance  coil  and  small  circuit  breaker  rather  than  a 
larger  breaker  because  of  space  and  cost  considerations,  and  in  or- 
der to  reduce  the  strains  on  all  parts  of  the  system  due  to  great 
rush  of  current  to  a  short-circuit.  Moreover,  without  the  use  of 
the  coils  there  is  always  present  the  danger  that  a  heavy  short-cir- 
cuit will  open  up  the  main  circuit-breakers,  instead  of  the  individual 
feeders  aflfected,  thus  shutting  down  possibly  an  entire  system.  It 
is  this  selective  action  obtained  by  the  use  of  reactance  coils,  cutting 
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FIG.   6— DOUBLE-BUS    SINGLE   CIRCUIT  BREAKER   SYSTEM 

This    arrangement    greatly    increases    the    chances    for 

continuity  of   service   over   that   shown   in   Fig.    i.     One 

bus-bar  may  be  used  as  an  auxiliary  only,  or  one  may 

feed  a  lighting  load  while  the  other  feeds  a  power  load. 

out  only  the  feeder  affected,  wliich  makes  for  ideal  operating  con- 
ditions. 

Reactance  coils  are  frequently  placed  in  the  generator  circuits 
to  limit  the  flow  of  current  on  short-circuit  and  thereby  to  decrease 
the  harm  done  to  a  machine  from  internal  short-circuit  by  the  re- 
maining machines  connected  to  the  bus-bars,  as  well  as  to  limit  the 
station  output  in  case  of  external  short-circuit.  This  disposition  of 
the  reactance,  however,  does  not  eliminate  the  drain  on  the  system 
caused  by  a  short-circuit,  does  not  provide  the  selective  operation 
above  mentioned  and  does  not  materially  decrease  the  strains  on  the 
circuit  breakers. 

The  ideal  location  of  these  coils  is  shown  at  A,  Fig.  14.  If.  how- 
ever, the  cost  is  prohibitive  or  space  will  not  permit,  coils  may  be 
located  at  B,  which  will  protect  the  group  of  feeders.  The  third 
alternative  would  be  to  locate  them  at  C  or  at  D. 
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Classification  of  Circuit  Breakers,— The  usual  classification  of 
circuit  breakers  in  general  commercial  use  is  shown  in  Table  I.   Any 


TABLE  I 


Cost, 
Percent* 


5.4 
7.6 


9.8 


12 


49 
19 
16 


54 

28 
25 
23 


33 
25 
20 


Volts 

4  500 
7  500 

7  500 

15  000 

2  500 

6  600 

13  200 

66  00 
12  000 
IG  500 
25  000 

6  COO 

li  000 
15  000 

76 
65 

54 
49 
43 

100 
95 
95 


260 
216 

136 
126 

116 
116 


73 

107 
176 
259 
500 


Amperes 


300 
300 


500 


300 


15  000 
15  000 
15  000 
25  000 
35  000 


15  000 


13  000 
15  COO 
25  000 


2  000 

1  200 

600 


K.v.a. 

Capacity  t 


2  600 


5  OOO 


5  000 


7  500 


000 
200 
600 
300 


12  00 
600 
300 


12  500 


12  500 


3  000 

2  000 

1  200 

600 

300 

1  200 
600 
300 


Type 


Switchboard   mounted 


Switchboard  mounted 
or  remote  mechau- 
ical   control 


Design 


Switchboard  mounted 
or  remote  mechan- 
ical control 


44  000 

66  000 

S8  000 

110  000 

150  000 


000 
000 

000 
200 

600 
300 


25  000 


40  000 


Remote  mechanical 
control  or  electric- 
ally operated 


Electrically    operated 


Sing-le    frame.      Single 
tank   for   all   poles 


Single  frame.  Sepa- 
rate tank  for  each 
pole 


Each  pole  a  separate 
unit  with  its  own 
frame  and  tank. 
Designed  for  wall 
or    cell    mounting. 


60  000 


300 


6  600  to 
25  000 


60  000 


Electrically    operated 


Electrically    operated 


Single  frame  or  base 
for  operating  mech- 
a  n  i  s  m.  Separate 
tank  per  pole.  Cell 
mounting 


Each  pole  a  separate 
unit.  Designed  for 
open  mounting  on 
floor 


1  200 
600 


44  000 

66  000 

88  000 

110  000 


600 
and 
300 


200  000 


200  000 


I  Single    base,    separate 
Electrically    operated  '       tanks,     reactance 

coil   per   pole.     Cell 
mounting 


Electrically    operated 


Each  pole  a  separate 
u  wA  t.  Reactance 
coil  per  pole.  De- 
signed for  open 
mounting  on  floor 


*  Approximate   relative   cost    for    3 -pole   circuit-breakers    witJiout   relays    or    transformers. 

t Ultimate  breaking  capacity  in  k.v.a.  three-phase.  Fcr  single-phase  use  70  percent  and 
for  two-phase  use  140  percent  of  values  given. 

The  last  two  designs  given  in  the  above  table  are  known  as  the  reactance  type  break- 
ers Their  great  ultimate  breaking  capacity  is  obtained  by  opening  the  circuit  on  react- 
ance coils,  by  means  of  an  auxiliary  contact,  just  before  the  main  contacts  open.  There  is 
no  apparent  reason  why  this  type  of  circuit  breaker  camiot,  by  properly  proportioning  the 
reactance,  be  made  to  open  any  capacity  safely. 
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circuit  breaker  given  in  the  Table  may  be  obtained  in  the  remote  me- 
chanical control  design,  or  arranged  for  electrical  operation,  or  both, 
but  they  are  here  classified  according  to  the  usual  practice. 

Rating  of  Switchboards. — The  capacity  which  a  switchboard 
will  safely  handle  depends  upon  the  capacity  of  the  circuit  breakers 
employed,  and  the  association  of  the  various  items,  circuit  breakers, 
bus-bars,    instrument    transformers,    interconnections,    etc.,    which 
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FIG.   7 — DOUBLE   BUS,  DOUBLE  CIRCUIT  BREAKER   SYSTEM 

This  arrangement  gives  the  same  advantages  as  Fig.  6, 
with  double  assurance  against  shut-down  from  circuit  breaker 
trouble. 

comprise  the  switching  equipment.  Experience  has  demonstrated 
that  there  are  certain  limits  of  capacity  above  which  automatic  cir- 
cuit breakers  should  not  be  mounted  directly  on  switchboards. 
These  limits  vary  considerably,  according  to  the  conditions  of  the 
installation,  but  in  general  it  is  recommended  that  no  circuit  breaker 
in  capacities  above  600  amperes,  or  above  2  500  volts,  be  mounted 
lirectly  on  the  switchboard  and  that  no  self-contained  type  of  "Doard 


s. 


1 — I — I — r-^.H>r-? — I — J 


S<c.    c 

— r 


-X-5- 


5».      I- 


§'? 


t  ?  ? 


F<cd(rt 


FIG.    8 — RING    BUS    SYSTE.M,    BUS    SECTION.\LIZED 

Suitable  for  stations  of  medium  size  where  great  flexibility  and 
ma.ximum  economy  in  cost  is  desired.  This  arrangement  retiuircs 
a  very  small  amount  of  copper  in  the  l)us-bars. 

be  employed  for  a  station  who.<;c  capacity  is  more  than  2  500  k.v.a. 
three-phase  in  high  speed  turbogenerators,  or  the  eciuivalent  in  low 
speed  generators  or  other  source  of  supply. 

The  remote  mechanical  control  switchboard  is  limited  in  capacity 
by  the  physical  rather  than  the  electrical  characteristics.  Practical'y 
all  high  capacity  circuit  breakers  arc  arranged  for  mechanical  as  well 
as  electrical  operation,  but  the  mcciianical  control  switchboard  is  con- 
fined to  the  use  of  those  circuit  breakers  whose  size  is  such  that  the 
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individual  mechanical  parts  ,and  the  mechanical  arrangement  as  a 
whole,  conform  with  good  engineering  practice.  Therefore,  it  is 
recommended  that  this  type  of  switchboard  be  confined  to  the  use  of 
circuit  breakers  of  3  000  amperes  or  less,  and  of  35  000  volts  or  less, 
and  to  stations  whose  capacity  does  not  exceed  25  000  k.v.a.  in  high 
speed  turbogenerators  or  the  equivalent  in  other  means  of  supply. 
The  electrically  operated  board  is,  of  course,  unlimited  as  to  capacity. 

ESSENTIAL  OPERATING   FEATURES 

The  capacity  of  a  power  station,  present  and  future,  having  been 
determined,  the  next  step  is  the  decision  as  to  the  number  and  size  of 
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FIG.  9 — SINGLE   SECTIONALIZED    BUS    SYSTEM 

This  system  gives  great  flexibility  of  operation  with  minimum  cost 
and  is  suitable  for  medium  sized  plants.  Dependence  is  placed  on  single 
circuit  breakers.  The  station  may  be  operated  in  separate  independent 
halves,  local  feeders  being  fed  from  either  half. 

units  to  be  used,  and  the  scheme  of  switching  connections  which  will 
give  the  desired  operating  features.  Figs.  4  to  17  illustrate  a  num- 
ber of  the  more  important  and  more  commonly  used  arrangements 
with  explanations  of  their  principal  features.  A  single  line  diagram 
of  the  main  connections  should  be  made,  similar  to  one  of  those 
shown,  with  every  machine,  transformer  and  feeder  shown  con- 
nected in.  This  diagram  will  serve  as  a  basis  for  the  switching 
equipment  specifications. 

In  any  switchboard  installation  many  refinements  in  methods 
and  in  apparatus  for  switching  and  measuring  energy  may  be  made, 
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and  many  safeguards  against  possible  troubles  may  be  installed. 
Many  of  these  are  justified  because  of  their  convenience  and  the  time 
and  trouble  they  save  the  operator.  Each,  however,  adds  to  the 
complication  of  the  equipment,  and  it  should  be  remembered  that 
usually  the  simplest  scheme  which  will  accomplish  the  purpose  is 
safest  and  most  reliable,  and  represents  the  best  engineering. 

The  disposition  to  be  made  of  the  electrical  output  materially 
influences  the  choice  of  instruments  and  meters.  It  also  determines 
to  what  extent  the  service  should  be  guarded  against  failure.  A 
small  station,  for  example,  which  is  maintained  by  an  industrial  plant 
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FIG.    10 — SINGLE   HIGH   TENSION  BUS   SCHEME 

The  generator  and  transformer  are  treated  as  a  unit,  and  all 
low  tension  switching  is  thereby  omitted.  The  station  auxiliaries 
are  fed  from  any  generator  or  transformer  circuit  by  means  of 
Ithe  auxiliary  bus.  Scheme  used  by  the  Homestake  Mining 
Company. 

and  whose  entire  output  is  used  in  the  manufacturing  proces.s,  sel- 
dom requires  more  than  enough  instruments  to  secure  safe  oporj- 
tion.  An  ammeter  for  each  generator  circuit  and  a  voltmeter,  which 
may  be  connected  to  any  generator  circuit  by  means  of  receptacles 
and  plug,  with  a  second  voltmeter  for  permanent  connection  to  the 
bus-bars,  are  commonly  used.  Non-automatic  oil-switches  may  be 
used  throughout,  with  enclosed  fuses  for  feeder  protection.  An  oc- 
casional shutdown  of  one  or  more  of  the  circuits  for  a  few  minutes, 
to  replace  blown  fuses  or  make  quick  repairs,  would  not  be  seriously 
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objectionable  in  this  type  of  plant.     One  totalizing  watthour  meter 
will  give  a  satisfactory  check  on  the  station  output. 

Where  the  product  of  the  plant  is  of  such  a  nature  that  a  con- 
stant source  of  power  is  essential,  circuit  breakers  are  usually  em- 
ployed instead  of  fuses.  A  double-throw  system  may  be  necessary 
so  that  the  load  can  be  transferred  quickly  to  a  clear  bus-bar  in  case 
of  trouble.     The  manufactured  product  may  be  susceptible  to  injury 
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FIG.    II — DOUBLE  BUS,   DOUBLE  CIRCUIT  BREAKER   SYSTEM 
THROUGHOUT 

This  arrangement  permits  the  use  of  any  or  all  of  the  gen- 
erators, without  regard  to  which  of  the  transformers  may  be  in 
operation.  It  is  particularly  suitable  where  the  station  output  is 
taken  over  but  two  or  three  transmission  lines  to  the  same  des- 
tination. This  is  the  arrangement  used  by  the  United  States  Re- 
clamation Service  in  the  Salt  River  Project.  Low  tension  con- 
nections similar  to  those  shown  are  used  by  the  Indiana  Steel 
Company  who,  however,  employ  the  single  circuit  breaker  scheme 
for  all  high  tension  systems.  Similar  connections  are  also 
used  by  the  Seattle  Light  &  Power  Company. 

by  over  or  under  speed  of  the  driving  motors,  thus  requiring  over- 
voltage  or  under  voltage  trip  features  on  the  circuit  breakers. 

When  the  output  is  used  to  furnish  light  as  a  public  utility,  the 
service  should  be  continuous  and  the  voltage  constant.  The  better 
class  of  apparatus  must  be  used  throughout  on  such  installations,  a 
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voltage  regulator  employed  and  wattmeters  installed  on  the  circuits 
where  records  are  desired. 

It  is  clearly  impossible  to  give  definite  rules  as  to  what  indi- 
cating and  recording  apparatus  should  be  used  and  what  to  omit. 
Each  installation  usually  has  certain  features  requiring  arrange- 
ments more  or  less  special  to  itself.  One  may  require  a  watthour 
meter  for  each  generator,  so  that  the  output  of  each  machine  may  be 
checked  and  so  that,  on  light  station  loads  when  but  one  generator  is 
required,  the  wattmeter  measuring  the  station  output  will  still  be 
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FIG.    12 — SiK(;LK    LOW    TKNSIO.V,    DOIULK    TIIC.H    TENSION    DUS,   SINGLE 
CIRCUIT  BRKAKFR  SCHKMF. 

Ln\v  tension  disconnectin.tj  switches  permit  tlie  connection  of  i 
generator  direct  to  a  transformer  (with  or  witlmut  connection  to 
hus-l)ar),  connection  of  generator  to  bus-har  with  transformer  dead 
or  connection  of  transformer  to  bus-bar  with  generator  dead.  Tliis 
.scheme  is  similar  to  that  used  at  the  Post  Falls  Station  of  tlic 
Washington  Water  Power  C<impany,  2300-66000  volts.  A  genera- 
tor, transformer  or  feeder  must  he  taken  out  of  service  for  the 
e.xamination  or  repair  of  its  circuit  breaker.  All  apparatus  may  be 
in  service  while  load  is  removed  from  either  section  of  eit'"  --  'm*- 
bar  for  repairs  or  additions. 

working  at  ma.ximum  accuracy.  The  daily  load  curve  may  indi- 
cate that  the  output  is  fairly  constant  over  a  continuous  period.  A 
totalizing  wattmeter  may  then  be  used  to  advantage.  If  the  feeders 
supply  different  sections  of  a  factory  or  difTcrcnt  factories,  or  sep- 
arate communities,  a  watthour  meter  should  be  u.^ed  for  each. 
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The  class  of  attendants  in  charge  of  the  switchboard  deter- 
mines, to  a  very  great  degree,  how  many  and  what  kind  and  class  of 
instruments  should  be  selected.  Instruments  which  are  not  used, 
and  which  are  not  kept  in  calibration,  are  often  worse  than  none  at 
all,  as  they  only  take  up  valuable  space,  confuse  the  operator  and 
com.plicate  the  wiring.  The  more  simple  the  equipment  throughout 
an  installation  the  better  the  results  obtained.  It  should  be  the  en- 
gineer's rule,  for  stations  of  this  class,  not  to  use  apparatus  in  con- 
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With  this  scheme,  used  by  the  Rio  Janeiro  Tramways  Light  &  Power 
Company,  the  station  may  be  operated  in  four  separate  parts,  if  desired,  any 
or  all  of  which  may  be  connected  together  at  will.  The  double-throw  high 
tension  disconnecting  switches  prevent  inter-connecting  the  high  tension  bus- 
bars except  by  means  of  the  tie  breakers.  The  low  tension  connections  make 
it  possible  to  connect  a  generator  directly  to  its  transformer  or  to  any  other 
transformer  through  the  transfer  bus. 

nection  with  the  switchboard  which  is  not  actually  necessary  to  the 
safe  operation  of  the  station.  On  the  other  hand,  this  rule  does  not 
hold  for  the  larger  stations,  whose  operation  is  entrusted  to  trained 
engineers,  for  they  usually  justify  the  use  of  many  of  the  finer  in- 


ALTERNATING-CURRENT  POWER  STATIONS       97 

struments  by  producing  and  maintaining,  with  such  an  equipment,  a 
highly  efficient  power  station. 

As  a  guide  to  the  selection  of  a  suitable  equipment  the  following 
panel  schedules  are  presented  : 

ALTERNATING-CURRENT  GENERATOR  PANEL 

One  alternating  current  ammeter  (wliere  phases  are  likely  to  be  unbalanced  an  ammeter 
is  often  STipplied  for  each  phase,  or  current  transfornurs  and  ammeter  switches 
provided  for  connecting  the  single  ammeter  to  any  phase.) 

Dne  alternating  current  voltmeter  (or  a  voltmeter  receptacle  and  plug  to  connect  to 
station  voltmeter). 

One  direct  current  ammeter — for  alternating-current  generator  field   (optional). 

One  indicating  wattmeter   (optional). 

One  power-factor  meter   (optional). 

One  frequency   meter   (optioi.al). 

One  ground  detector   (optional). 

One  field  discharge  switch. 

One  contrcller  for  engine  or  water  wheel  governor  (optional  and  only  supplied  when 
engine  governor  is  controlled  at  the  switchboard  in  synchronizing). 

One  rhfccstat  for  generator  field    (usually  supjilied  with  generator). 

One  rheostat  for  exciter  field^ — required  only  when  generator  has  its  own  separate  ex- 
citer (usually  supplied  with  exciter). 

One  synchronizing  outPt   (not  re(jU)red  if  but  one  generator  is  to  be  installed). 

Necessarj'  current  and  potential  transformers. 

DISCUSSION 

Indicating  wattmeters  while  directly  indicating  the  output  of 
each  machine  will  show  what  portion  of  the  load  is  carried  by  each 
generator.  This  cannot  be  determined  by  means  of  the  ammeters 
and  voltmeters  alone,  as  they  do  not  take  into  account  the  power- 
factor  of  the  circuit. 

Power-factor  meters  also  indicate,  but  in  a  different  manner, 
how  the  generators  are  dividing  the  load.  In  combination  with  the 
ammeters  and  voltmeters  they  will  permit  the  ready  calculation  of 
the  load  in  watts.  They  also  guide  the  attendant  in  adjusting  the 
field  excitation  to  obtain  the  best  results. 

Voltage  readings  for  the  generators  are  usually  taken  by  moans 
of  the  "machine"  voltmeter,  which  is  usually  mounted  on  a  swinging 
bracket  at  the  end  of  the  board,  and  the  voltmeter  receptacles  on  the 
individual  panels.  Most  operators  require  a  second  voltmeter 
mounted  on  the  same  bracket  with  the  machine  voltmeter  and  con- 
nected permanently  to  the  bus-bar.  This  arrangement  permits  a 
simultaneous  comparison  of  the  bus-bar  and  machine  voltages  when 
synchronizing. 

The  synchronizing  outfit  may  consist  of  synchronizing  recepta- 
cles with  lamps,  or  with  synchroscope,  or  both.  The  most  popular 
practice  is  to  place  the  synchroscope  with  two  synchronizing  lamps 
on  a  swinging  bracket  beneath  the  two  voltmeters,  where  the  entire 
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Field  ammeters  are  considered  almost  indispensable  by  most 
operators,  as  they  assist  in  properly  adjusting  the  field  so  that  the 
machine  will  take  its  load.  All  generators  are  more  efficient  with 
the  field  adjusted  to  a  certain  value,  as  determined  by  their  design. 
The  field  ammeters  enable  the  operator  to  make  this  adjustment 
accurately  at  all  times.  They  indicate  the  presence  of  cross-currents 
between  machines,  and  also  assist  materially  in  locating  any  trouble 
which  may  occur  at  the  generator. 
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FIG.    14 — SECTIONALIZED    GENER.\TOR    AND    MAIN    FEEDER    BUS    SYSTEM 
WITH    GROUP   FEEDER   BUS 

By  this  system  great  flexibility  may  be  obtained  for  large  stations  feeding 
a  thickly  settled  community  at  generator  voltage.  The  station  may  be  op- 
erated! in  halves  or  any  feeder  or  group  of  feeders  may  be  served  froni 
either  half.  Similar  connections  are  used  by  the  Cleveland  Electric  Illumi- 
nating Company. 

Frequency  meters  are  an  aid  in  synchronizing,  as  they  indicate 
the  speed  of  the  generator.  They  are  often  used  as  one  of  the  in- 
dividual panel  instruments  with  large  generators,  but  otherwise  but 
one  station  frequency  meter 'is  supplied.  Where  there  are  two  or 
more  sets  of  bus-bars,  or  several  stations  feeding  into  a  common 
transmission  line  their  use  is  often  of  vital  importance. 

Watthour  meters  are  not  commonly  placed  on  generator  panels. 
They  are  usually  applied  to  the  feeder  circuits,  but  a  load  totalizing 
wattmeter  is  also  often  employed  when  it  can  be  conveniently  ap- 
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plied.     They  are,  however,  sometimes  used  to  record  the  output  of 
the  individual  generators. 

Relays  are  seldom  used  with  generator  circuits  except  to  pro- 
tect against  reverse  current,  which  would  motor  the  unit  and  per- 
haps injure  the  prime  mover.  Sometimes,  however,  overload 
relays  are  used  to  indicate  excessive  load  by  operating  a  signal.  Un- 
derload relays  may  be  used  in  a  similar  manner. 
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FIG.    15 — SINGLE   SECIIONALIZED   LOW    TENSION    BUS.    WITH    TWO    HIGH 
TENSION    BUSSES,    ONE  OF  WHICH    IS   SECTION.^LIZED 

The  station  may  be  operated'  as  four  complete  units  (generator,  trans- 
former, and  line  separate),  or  any  generator  may  feed  any  bank  of  trans- 
former through  the  low  tension  bus-bar.  The  lowering  transformer  for 
local  or  station  service  permits  the  low  tension  bus-bar  and  circuit  breakers 
to  be  taken  out  of  service  entirely  without  interfering  witli  the  load.  This 
scheme  is  used  by  the  Washington  Power  Company,  Little  Falls  Station. 

FEEDER  PANELS  FOR  MOTOR  OR  POWER  SERVICE 
One  tlttmatiiig-currcnt   ammoter    (aninitUr   receptacles   or   one   ammeter   per  phaac   may 

be  used   if  ph.iso8  are  uiibalarucd ). 
One   indicating   watthour  meter    (optional). 
One  automatic  overload  circuit  breaker. 
One  relay    (optional). 
Necessary   current  and  potential   transfonnera. 

DISCUSSION 

Unless  it  is  desired  to  have  the  circuit  breaker  trip  instantane- 
ously at  a  certain  predetermined  overload,  an  inverse  time  limit  or 
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definite  time  limit  relay  should  be  applied.  Many  electrically  oper- 
ated circuit  breakers,  especially  of  the  higher  capacities,  require 
some  form  of  relay  to  render  them  automatic, 

LOAD  PANEL 

Any  or  all  of  the  following  instruments  may  be  placed  on  the 
load  panel,  and  most  of  them  can  be  obtained  in  the  graphic  record- 
ing type  if  desired : — Watthour  meter,  voltmeter,  ammeter,  indicat- 
ing wattmeter,  frequency  meter,  synchroscope,  power-factor  meter 
or  static  ground  detector.  Sometimes  the  voltage  regulator,  when 
used,  is  placed  on  the  load  panel,  especially  when  there  is  sufficient 
space  available  which  would  otherwise  be  vacant. 
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FIG.    l6 — SINGLE  BUS   FEEDER  GROUP  SYSTEM 

This  arrangement  is  suitable  for  stations  employing  large  units,  each  sup- 
plying a  number  of  feeders.  Each  unit  and  its  group  of  feeders  may  be  op- 
erated independently,  or  all  may  be  operated  from  one  main  bus.  This 
arrangement  is  used  by  the  Commonwealth  Edison  Company,  Chicago,  at  its 
Quarry  Street  Station. 

SYNCHRONOUS  MOTOR  PANEL 
One  alteniating-cuiTent  ammeter. 
One  indicating  wattmeter   (optional). 
One  power- factor  meter  (optional). 
One  direct-cuiTent  field  ammeter   (optional). 
One  field  rheostat  (usually  supplied  with  motor). 
One   field  discharge  switch. 

One  synchronizing  outfit   (not  required  if  motor  is  self-starting). 
One  automatic  overload  oil  circuit  breaker. 
One  relay    (optional). 
Necessaiy  current  and  potential  transformers. 

DISCUSSION 

But   one   ammeter   will  be   required   for   this   panel   as   there 
should  be  the  same  current  in  each  phase.     The  indicating  watt- 
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meter  or  power-factor  meter,  as  in  the  case  of  the  generator,  will 
assist  the  operator  to  adjust  the  field  properly  so  that  the  motor  will 
take  its  proper  load.  The  field  ammeter  is  of  great  assistance  in 
making  a  proper  adjustment  of  the  field  to  meet  the  desired  condi- 
tions. Its  importance  is  further  increased  by  the  fact  that  motor 
guarantees  are  usually  based  on  a  certain  definite  field  current. 

The  field  switch  is  made  double  throw  for  machines  which  start 
as  induction  motors  to  permit  short-circuiting  the  field  during  start- 
ing. The  same  machine,  however,  when  equipped  with  a  direct- 
connected  exciter,  may  be  provided  with  a  single-throw  field  switch 
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FIG.    17 — GENERATOR   AND   FEEDER    GROUP    AU.XILIARY    BUS    SYSTEM 

By  this  system  all  groups  may  be  operated  either  independently  or  in 
parallel.  The  large  transformers  may  have  the  capacity  of  two  or  more 
generators.  A  number  of  duplicate  lines  of  different  characteristics  may 
be  taken  from  the  same  power  station.  This  is  the  arrangement  used  by  the 
Mt.  Hood  Railway  &  Power  Company. 

as  the  field  is  short-circuited  across  the  exciter  armature  when  the 
field  switch  is  closed. 

When  the  motor  is  not  self-starting  the  usual  single-throw 
circuit  breaker  may  be  used.  When  it  is  started  from  taps  on  its 
own  power  transformers  a  double-throw  circuit  breaker,  automatic 
on  the  running  side  only,  is  used.  When  auto-transformers  are  em- 
ployed for  starting,  a  special  double-throw  auto-starter  switch,  au- 
tomatic only  on  the  running  side  and  with  provision  for  disconnect- 
ing the  auto-transfonners  from  the  source  of  power,  is  used. 
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For  very  large  motors,  and  for  motors  connected  close  to  large 
generating  stations,  three  interlocked  circuit  breakers  are  usually 
employed;  one  automatic,  for  connecting  the  machine  to  the  source 
of  power,  one  for  starting,  and  one  for  disconnecting  the  auto- 
transformers. 

LINE  PANELS 
For  Transmission  Lines  to  Sub-stations  or  Tie  Lines  to  Other  Power  Stations. 

One  ammeter  per  phase  (or  one  ammeter  with  polyphase  switching  device). 

One  indicating  wattmeter   (optional). 

One  power-factor  meter   (optional),  or 

One  wattless  component  indicator   (optional). 

One  voltmeter,  or  voltmeter  receptacle   (optional). 

One  watthour  nieter   (optional). 

One  synchronizing  outfit  (required  only  for  tie  line). 

One  automatic  circuit  breaker. 

One  relay   (optional). 

Necessary  current  and  potential  transformers. 

DISCUSSION 

Three  ammeters  are  usually  considered  necessary,  as  they  not 
only  give  a  direct  indication  of  unbalancing  of  the  load,  but  also  of 
any  trouble  which  may  occur  on  any  phase. 

Power-factor  meters  are  very  commonly  used  on  these  panels 
as  an  efficient  system  should  operate  at  high  power-factor,  and  the 
instruments  will  indicate  those  parts  of  the  system  which  require 
modifications  of  their  load  to  better  the  power-factor,  which  in  turn 
reduces  unnecessary  line  losses. 

Voltmeters  may  be  compensated  to  read  the  voltage  obtaining 
at  the  end  of,  or  at  some  point  along  the  transmission  line.  For  tie 
lines  the  voltmeter  is  useful  in  synchronizing  with  other  stations. 
The  voltmeter  receptacle  may  be  used  instead,  to  read  the  potential 
by  means  of  one  of  the  station  voltmeters. 

Where  power  may  be  taken  over  the  line  in  either  direction  the 
instrufnents  should  be  double  reading  and  two  watthour  meters  pro- 
vided, arranged  to  read  power  in  opposite  directions,  and  so  ar- 
ranged that  the  mechanism  will  not  reverse. 

ALTERNATING-CURRENT    ROTARY    CONVERTER    PANEL 

One  alternating-current  ammeter. 
One  power- factor  meter   (optional),  or 
One  wattless  component  indicator    (optional). 

One  main  oil  circuit  breaker    (for  high  tension  side  of    transformers). 
One  knife  switch,   for  synchronizing  resistance,  when  used    (optional). 
One  syi  chronizing  outfit    (not  required  when  rotary   is   self-starting). 
One  relay   for  circuit  breaker   (optional). 

One  fused  switch  or  automatic  oil  breaker  for  starting  motor  when  used. 
One  set  knife  •  switches   (for  low   tension  side   of  transformers  when  rotary  is   self-start- 
ing.    Usually   mounted    on    separate  starting  panel  when  rotary  is   over   500   kw 
-'■■•■'•''■  capacity).       "         ' 

Necesjiary  cwrren.t  and,  potential  transformer*. 


ALTERNATING-CURRENT  POWER  STATIONS     IQ3 

DISCUSSION 

Rotary  converters  are  designed  to  operate  most  satisfactorily  at 
a  certain  definite  power-factor,  usually  unity,  and  it  is  therefore 
almost  necessary  that  either  a  power-factor  or  wattless  component 
indicator  be  used.  An  indicating  wattmeter  when  connected  prop- 
erly, by  means  of  a  suitable  switching  device  to  its  transformers  will 
read  true  watts  with  the  switch  thrown  one  way  and  the  wattless 
volt-amperes,  when  thrown  the  other  way. 

Some  who  favor  the  use  of  wattless  component  indicators  con- 
tend that  with  the  power-factor  indicator  in  use  the  sub-station  at- 
tendent,  when  starting  up,  usually  adjusts  the  field  rheostat  for  prac- 
tically unity  power-factor.  At  no  load  this  means  a  very  small  watt- 
less current  but  if  the  transformer  ratio  is  right  for  600  volts  direct- 
current,  this  is  done  by  running  the  voltage  up  to  625  volts,  or 
higher.  When  full  load  is  applied  under  these  conditions  the  watt- 
less current  reaches  probably  25  percent,  while  the  power-factor 
meter  will  indicate  little  change,  probably  dropping  to  97  percent.  On 
the  other  hand,  the  sub-station  attendant  has  his  direct-current  volt- 
meter as  a  guide.  The  power-factor  indicator  gives  a  direct  reading 
of  "power-factor"  which  the  attendant  knows  to  be  the  important 
characteristic  in  the  operation  of  the  rotary.  It  is  important  in  this 
connection,  however,  that  the  power-factor  meter  indicate  the  power- 
factor  of  the  rotary  alone,  and  not  of  the  combination  of  rotary  and 
transformer  bank.  To  insure  this  the  meter  should  be  connected 
to  transformers  on  the  secondary  leads  of  the  power  transformers 
or,  if  connected  on  the  primary  side  the  meter  should  be  calibrated 
to  read  the  correct  power- factor  at  the  value  at  which  the  rotary 
should  normally  operate,  and  should  be  provided  with  a  calibration 
curve  to  enable  correct  readings  to  be  made  at  other  points  on  the 
scale.  The  proper  choice  of  switching  apparatus  for  converters  de- 
pends on  the  scheme  of  operation,  the  size  of  the  rotary,  the  charac- 
teristics of  the  power  supply  and  the  nature  of  the  load.  Its  com- 
binations are  so  many  that  space  does  not  permit  of  a  complete 
discussion. 

DIRECT-CURRENT  EXCITER  PANEL 

One  direct-current  amnicter. 

One  voltmeter   (or  receptacle  to  connect  to  main  direct-current  voltmeter). 

One  Bingle-pole  non-automatic  circuit  breaker   (optional). 

On*  rheostat   (usually  supplied  with  exciter). 

One  three-pole  nsin  switch    (two-pole  if   for  operating  singly  or  if  shunt  wound)    or  sep-- 

ate  single-jolc  switches. 
Twe  exciters   may  be  controlled   from  one  "double  exciter  panel"  by  adding  »■'   't"'   above 

cchedule  one  aoimetcr,   one  rheostat,  and  the   neecssary  main  switci. 
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COMPARATIVE  SPACE  REQUIRED 

The  self-contained  switchboard  (Class  i)  occupies  less  space 
than  any  other.  Its  floor  plan  takes  the  shape  of  a  long,  narrow  rec- 
tangle, however,  which  sometimes  involves  more  valuable  space 
than  the  shorter  boards  of  Classes  2  and  j,  whose  switching  devices, 
transformers  and  busses  may  be  mounted  at  a  distance  from  the 
panel  in  a  less  important  and  probably  more  favorable  location. 
Frequently  it  is  found  that  owing  to  the  disposition  of  the  space 
available  for  the  switching  equipment  a  board  of  Class  <?  or  j  must 
be  used,  although  otherwise  a  Class  i  board  would  have  answered. 

Figs.  I,  2  and  3  give  an  idea  of  how  the  same  equipment  com- 
pares in  space  occupied  when  designed  according  to  the  three  classi- 
fications given  herein.  Fig.  3  has  little  or  no  advantage  over  Fig. 
2  in  space  occupied,  but  has  the  advantage  that  the  two  parts  cf 
Fig.  2,  that  is,  the  panels  and  switching  devices,  must  be  within  the 
range  of  mechanical  operation  by  means  of  bell  cranks  and  conr.ect- 
ing  rods,  while  the  two  parts  of  Fig.  3  are,  comparatively,  unlimited 
as  to  location. 

COMPARATIVE  COST 

The  cost  of  the  self-contained  board  is  usually  less  than  that  of 
any  other  type.  The  remote  control  mechanically-operated  board, 
with  switching  devices  and  bus-bars  arranged  for  wall  mounting, 
may  be  made  as  cheap,  and  sometimes  even  cheaper,  as  the  saving 
in  length  of  board  may  neutralize  the  additional  cost  of  operatn:s: 
mechanism.  Assuming  the  cost  of  the  switch-board  shown  in  Fig.  i 
to  be  100  percent,  the  cost  of  the  same  equipment  in  Fig.  2  would 
be  approximately  115  percent,  and  for  Fig.  3  would  be  140  percent. 

In  some  cases  great  saving  in  main  cables  can  be  effected  by 
arrangements  possible  with  Class  2  and  3  boards,  which  may  result 
in  reducing  the  total  price  of  the  installation  to  the  same  figure,  or 
even  less  than  if  the  self-contained  switchboard  were  used. 

CORRECTIONS 

In  the  article  by  Mr.  N.  W.  Storer  in  the  December,  1912,  issue,  page 
1088,  the  third  line  from  the  bottom  was  omitted  as  follows :  Irregularities 
in  the  track  without  disturbing  the  mass  of  the  loco. 

In  the  article  by  Mr.  G.  W.  Roosa  in  the  December,  1912  issue,  page  1070. 
the  first  sentence  in  the  second  paragraph  should  read :  The  only  force  di- 
rectly opposing  the  sustaining  component  of  stability  is  a  force  accompanying 
an  increase  in  e.m.f.  required  or  a  reduction  in  e.m.f.  supplied. 
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WITH  THE  PUBLISHERS. 


Two  supplements  are  included  with 
the  present  issue,  one  the  Title  Page 
and  Table  of  Contents  for  1912,  and  the 
other  The  Nine  Year  Topical  Index. 


CIRCULATION  STATEMENT  FOR  t9l2 


The  total  edition  of  The  Electric 
JoiRXAL  for  the  year  1912  was  154500 
copies.  Hence  the  average  edition  was 
1J875  copies  per  issue. 


VOLUME   NINE. 


Volume  Nine,  for  the  year  1912.  con- 
tains I  I2<S  reading  pages,  and  with  the 
Topical  Index  and  Table  of  Contents 
forms  a  book  of  i  180  pages.  Bound 
copies  for  1912  will  be  available  after 
February  i.  Orders  may  be  sent  in  at 
any  time  and  will  be  filled  promptly  as 
soon  as  a  supply  is  received  from  our 
bindery.  Notwithstanding  the  increase 
in  size,  the  old  price  of  $4.00  per  volume 
will  be  in  effect  for  the  present. 

Those  desiring  to  have  their  copies 
for  1912  bound  should  send  them  pre- 
paid at  once,  along  with  the  Title  Page 
and  Nine  Year  Index.  The  charge  for 
binding  is  $1.25  per  volume.  Missing 
copies  for  1012  are  supplied  at  25  cents 
each. 


THE    NINE    YEAR  TOPICAL   INDEX 


The  latest  index  is  a  48-pagc  publi- 
cation and  covers  all  articles  which  have 
appeared  in  the  Joirnal.  from  Febru- 
ary.   icx)4.  to   ncicmbcr.    1912.   inclusive. 

This  Topical  method  of  indexing  has 
been  of  great  use  to  owners  of  bound 
volumt-s.  of  which  over  9700  volume^; 
have  been  supplied  from  the  Tourn'al 
office  alone.  To  locate  any  desired  arti- 
cle in  any  volume  it  is  only  necessary  to 
refer  to  the  latest  index  which  covers 
all  preceding  volumes.  In  addition  all 
articles  on  allied  subjects  are  given  un- 
der the  same  general  heading  and  fre- 
quently   other    valuable    articles    can    be 

•cated   at   the  same  time.     .As  a   time 


saver  this  index  has  made  many  friends. 
\n  author  index  is  also  included  for 
those  who  may  recall  articles  by  remem- 
bering the  writer's  name.  Copies  will 
be  supplied  at  25  cents  each,  prepaid. 


SHOP  TESTING  OF   ELECTRICAL 
APPARATUS. 


With  this  issue  is  begun  the  publica- 
tion of  a  series  of  practical  articles  on 
"Shop  Testing  of  Electrical  Apparatus." 
The  present  article  and  the  one  to  fol- 
low are  introductory  and  preliminary. 
In  the  succeeding  numbers  it  is  planned 
to  present  in  concise  form  the  best  prac- 
tice in  testing  as  practiced  in  central 
stations  and  in  the  works  of  the  large 
manufacturers.  Owing  to  the  necessity 
of  securing  the  material  from  various 
authorities,  the  articles  will  be  more  or 
less  of  a  composite  of  the  ideas  of  dif- 
ferent engineers.  In  1904  the  Jol-rn.\l 
published  a  series  of  articles  on  this 
same  general  subject.  These  articles 
are  still  frequently  referred  to  by  those 
fortunate  enough  to  have  copies.  The 
issues  containing  these  articles  are  no 
longer  generally  available.  In  the  pre."?- 
ent  series  it  aimed  to  present  the  latest 
practice  in  testing  in  such  a  manner  that 
these  articles  will  be  of  even  more  value 
to  our  subscribers  than  the  previous 
series. 


The  Isolated  Plant  for  December  con- 
tains a  reprint  from  the  Joirnal  for 
February.  1910.  of  a  part  of  the  article 
by  Mr.  John  C.  Parker,  entitled  "Indus- 
trial Engineering  by  the  Central  Sta- 
tion." 


EDISON  .MEDAL  AWARDED  TO 
WILLIAM    STANLEY. 


By  the  unanimous  vote  of  all  of  the 
members  of  the  Edison  Medal  * 
tee.     the     fourth     Edison     Mcii... 
awarded  on  December  13.  lOi^.  to  W 
liam  Stanley,  electrical  t : 
ventor.  of  Great  Barring 
meritorious     achievement     111     1: 
and   development  of  altern  i^'riw 
systems  and  apparatus." 


i     .V    V    i,.  ..S.  .  i.i->  j   \N\.I-.    iKi.l.i'M 
ii.»cfiil  to  Pilt«t>iirk'h  ixojilc  thnn  nnv  ot» 
KKI.IAIU.i;  ntuj  RKACIIKS  the  r.RKAl  i  -M     >>    «ii.i 
within  ritlsburifh  *  wlioIr«nlr  anrt  rrtnil  bii»inr»»  »"ti' 

W^e  rxcel  in   gervic^   iL'ithin    fAi«   Monm   h*cau»m    u'*-    tr*"^ 


TV    rv  t  n  I 
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BOOK  NOTES. 


The 
Name 


In  the  varnish 
and  paint 
specialty  world 
the  name 
Glidden  is  a 
synonym  for 
the  highest 
quality  possible 
to  produce. 

We  have 
extraordinary 
facilities  for 
manufacturing 
paint 

specialties  and 
varnishes  for 
special 
requirements. 

The  Glidden 
Varnish  Co. 

FACTORIES:  Cleveland, 0.  Toronto,  Can. 
BRANCHES:  New  York.  Chicago.  London 


"Electricity — Its  History  and  Develop- 
ment"—  William  A.  Durgin.  176 
pages,  illustrated.  Published  by  A.  C. 
McClurg  &  Company,  Chicago.  Price, 
$1.00. 

This  is  a  well  written  little  book,  out- 
lining in  an  interesting  style  the  main 
events  in  the  development  of  the  elec- 
trical art.  It  is  written  in  a  pop- 
ular style  and  should  prove  interesting 
to  any  who  wish  to  know  electrical  his- 
tory. 


"Experimental      Wireless      Stations" — 
Philip  E.  Edelman.     224  pages,  81  il- 
lustrations.    Published  by  the  author, 
Minneapolis,  Minn.     Price,  $2.00. 
This  book  is  intended  mainly  for  ex- 
perimenters and  to  provide  a  standard 
design  for  amateur  stations  to  take  the 
place  of  the   many  varieties  of  hit  and 
miss  apparatus  commonly  purchased  or 
constructed  by  amateurs.  Detailed  draw- 
ings and  explanations  are  given  of  the 
apparatus      recommended.        "How      it 
works  and  how  to  make  it"  have  been 
combined.    The  majority  of  the  material 
is  apparently  the  result  of  the  author's 
own  experience. 


The  Babcock  &  Wilcox  Company 
have  issued  a  new  edition,  handsomely 
illustrated,  of  their  book  on  The  Ster- 
ling Water  Tube  Boiler.  Those  inter- 
ested in  steam  power  generation  will 
find  much  of  value  and  interest  in  this 
book  on  boiler  operation  in  general  and 
especially  with  reference  to  this  partic- 
ular type  of  boiler. 


WANTED. 

Young  man  with  good  technical 
training,  preferably  with  some  engin- 
eering experience,  as  Assistant  Editor 
on  a  prominent  Electrical  Periodical. 
Initiative,  originality  and  agreeable 
personality  essential.  Address,  No. 
556  Care  The  Electric  Journal,  Pitts- 
burgh, Pa. 


WANTED. 
Draftsman,  experienced  on  high 
and  low  tension  sub-station  design. 
Good  salary.  Apply  Station  Dept., 
Toronto  Hydro-Electric  System,  228 
Younge  Street,  Toronto,  Ontario, 
Canada. 


FOR  SALE. 
37    of    the 


Vols.  31  to  37  of  the  Electrical 
World  and  Engineer;  Vols.  9  to  12  of 
The  Electrician.  Address  No.  557 
The  Electric  Journal,  Pittsburgh,  Pa. 
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The  article  on  "High-Speed  Turbo-Alternators  in 
Limitations     this    issue    of    the    Journal    presents,    with    Mr. 
In  the  Design  Lamme's  usual  clearness,  the  problems  which  con- 
of   Turbo=      front    the    modern    turbo-alternator    designer.     In 
Generators      connection  with  this  article  it  may  be  well  to  bear 
in  mind  that  not  all  of  the  problems  connected  with 
the  design  and  use  of   these  large   capacity  turbo-alternators  be- 
long to  the  electric  manufacturers.     Both  the  users  of  such  appar- 
atus and  the  manufacturers  of  raw  material  must  accept  some  of 
the  responsibilities  that  go  with  the  use  of  these  machines. 

For  instance,  not  all  of  the  problems  of  ventilation  belong  to 
the  electric  designer.     Mr.  Lamme  has  indicated  some  of  the  diffi- 
culties to  be  overcome  in  properly  ventilating  large  turbo-alterna- 
tors, and  has  pointed  out  some  of  the  limitations  encountered  in  pro- 
viding sufficient  space  within  the  machine  itself  to  pass  the  neces- 
sary ventilating  air.     So  far  as  these  problems  are  internal  to  the 
machine,  they  are  the  electric  manufacturer's,  but  there  are  other 
problems,  external  to  the  machine,  which  properly  belong  to  the 
operators  of  such  machines.     Questions  such  as  the  location  of  the 
necessary  air  ducts,  cleaning  or  filtering  of  the  air.  the  method  of 
preventing  excessive   heating  of    the   generating   room   and   other 
problems  which  are  involved  in  the  use  of  such  machinery,  are  ob- 
viously external  to  the  machine  itself,  and  must  be  solved  by  the 
user,  rather  than  the  builder.     These  problems  vary  with  different 
installations  and  of  necessity  cannot  be  taken  care  of  within  the 
machine  itself. 

Take,  for  instance,  the  matter  of  disposing  of  the  heat  that 
is  emitted  by  large  turbo-alternators.  The  shrinkage  in  the  space 
required  to  house  large  power  plants  has  been  remarkable  during 
recent  years.  The  amount  of  space  occupied  by  extra  liigh-speed 
turbo-alternators,  as  compared  wi'u  the  old  fashioned  low-speed- 
engine  driven  alternators,  is  ;iblonishingIy  small.  If  all  of  the 
heat  due  to  the  losses  in  tie  generators,  is  exhausted  into  these 
comparatively  small  engine   rooms,  the  resulting  increase  in  tern- 
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perature  may  often  be  excessive.  Special  means  for  taking  the 
hot  air  discharge  out  of  the  building  as  well  as  bringing  a  suitable 
supply  of  cool  air  into  the  generator  may,  therefore,  be  necessary. 
This  is  a  consideration  that  is  due  entirely  to  the  large  amount  of 
power  developed  in  small  generator  rooms  and  therefore  pertains 
particularly  to  the  large  modern  turbo-alternator.  But  the  prob- 
lem is  not  necessarily  confined  to  steam  turbo-alternators  since  the 
same  question  has  often  arisen  in  large  hydro-electric  stations. 

Another  problem  brought  to  our  attention  by  the  development 
of  large  turbo-alternators  is  the  desirability  of  improvement  in 
the  various  materials  which  enter  into  their  construction.  When 
the  engineer  reaches  the  limit  of  skill  in  the  disposition  of  ma- 
terials at  hand  the  only  method  of  improvement  lies  in  bettering 
the  qualities  of  these  materials.  We  are  now  utilizing  steels  of  a 
certain  strength  and  elongation,  and  having  a  certain  permeability 
and  hysteresis  losses ;  with  copper  of  a  certain  conductivity,  and 
with  insulations  of  a  certain  resistance  to  puncture.  If  we  can 
get  steels  of  higher  strength  and  permeability  and  lower  hysteresis 
losses ;  if  we  can  get  conductors  of  lower  resistance,  and  insula- 
tions with  higher  puncture  voltages  and  better  heat  resisting  qual- 
ities, we  can,  thereby,  improve  the  general  result  when  it  finally 
appears  as  a  turbo-alternator. 

Thus  the  responsibility  for  future  improvement  is  transferred 
from  the  electrical  designer  to  the  maker  of  raw  materials.  The 
electric  designer,  of  course,  remains  directly  responsible  for  the 
skill  used  in  the  disposition  of  the  material  available  but  only  in- 
directly responsible  for  the  qualities  of  the  materials. 

The  main  point  we  wish  to  make  is  that  not  all  of  the  respon- 
sibilities involved  in  the  extension  of  the  use  of  electricity  belong 
to  the  electrical  designer  or  manufacturer.  Ofttimes  the  users 
themselves  do  not  appreciate  that  advances  in  the  art  add  addition- 
al responsibilities  upon  their  shoulders,  and  that  their  difficulties 
are  occasionally  due  to  the  fact  that  they  have  not  given  proper 
consideration  to  the  new  problems  which  recent  advances  have  made 
of  importance.  P.  M.  Lincoln 


The  portable  sub-station  has  been  in  use  for  many 

Portable       years,  but  until   recently  its   application  has  been 

Sub=stations    ^^^J  hmited  owing  to  the  rather  high  cost  of  the 

portable   sub-stations    which    were   available.     The 

modern  portable  su|)-station,  as  described  by  Mr.  Kerr  in  this  ist 
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sue  of  the  Journal,  which  is  of  very  recent  development,  is  an 
equipment  wonderfully  simple,  compact  and  reliable  in  operation. 

As  the  name  implies,  this  class  of  sub-station  is  portable  and, 
therefore,  should  be  of  the  simplest  and  most  compact  arrange- 
ment possible.  While  the  first  consideration  should  be  an  installa- 
tion that  is  thoroughly  reliable  in  operation,  it  is  not  to  be  expected 
that  a  portable  sub-station  should  have  all  the  refinements  and 
protective  devices  of  the  thoroughly  modern  stationary  sub-sta- 
tions, and  this  feature  should  always  be  considered  in  comparing 
the  portable  with  the  stationary  sub-station. 

The  use  of  steel  construction  throughout,  thereby  eliminating 
all  inflammable  material,  together  with  the  recently  adopted  plan 
of  enclosing  only  the  rotary  converter  and  control  equipment,  plac- 
ing the  transformer  and  high  tension  switching  equipment  out 
doors,  have  very  materially  reduced  the  size  of  car  necessary,  with 
a  corresponding  reduction  in  the  cost  of  the  equipment. 

The  various  conditions  or  uses  to  which  the  portable  sub- 
station can  be  put  are  enumerated  in  the  article,  but  observation 
and  experience  prove  that  these  portable  sub-stations,  when  placed 
in  operation,  fill  the  demand  in  many  ways  not  contemplated  when 
the  apparatus  was  purchased.  The  added  security  realized  from 
a  converting  outfit  that  can  be  moved  to  any  part  of  the  system 
for  temporary  use,  as  well  as  the  increased  flexibility  of  the  sys- 
tem, make  this  equipment  properly  applicable  to  practically  all 
classes  of  electric  railways.  E.  P.  Dillon. 


In  selecting  an  oil  switch  for  any  particular  appli- 
Selection        cation,  the  circuit  breaking  capacity  and  the  ampere 
of  Oil  carrying   capacity    have    to    be    considered    as    two 

Switches  entirely  separate  features,  inasmuch  as  there  is  no 
definite  relation  between  the  requirements  in  these 
two  respects.  The  maximum  power  to  be  passed  into  a  feeder  un- 
der normal  conditions  may  he  well  defined  and  limited,  but  in  case 
of  a  failure  of  insulation  the  automatic  switch  will  be  expected  to 
isolate  the  feeder,  and  the  circuit  breaking  capacity  thus  required 
will  depend  upon  the  size  and  type  of  the  generating  plant,  and  to 
some  extent  upon  that  of  the  remaining  connected  load.  This 
point,  which  does  not  always  receive  the  attention  it  deserves,  is 
brought  out  by  Mr.  C.  H.  Sanderson  in  the  article  on  "Switch- 
boards for  Alternating-Current   Power  Stations,"  in  this  issue. 
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A  circuit  breaker  may  be  considered  as  having  a  stated  k.v.a. 
rupturing  capacity,  that  is  to  say,  it  is  capable  of  opening  a  short- 
circuit  on  a  generating  plant  of  that  capacity;  this  idea,  however, 
must  be  used  with  caution  as  the  ability  of  the  circuit  breaker  to 
open  the  circuit  depends  ultimately  upon  the  magnitude  of  the 
current  flowing  at  the  time  of  separation  of  the  contacts.  A  short- 
circuited  power  plant,  running  with  normal  excitation,  may  give 
a  current  of  1.5  to  4  times  the  normal  value.  However,  when 
suddenly  shortcircuited,  the  initial  rush  of  current  may  be  twenty 
to  fifty  times  normal  value  for  turbo-generator  installations,  less 
than  half  this  for  large  water  wheel  plants,  and  again  considerably 
less  for  slow-speed  engine-type  machines ;  the  exact  amount  will 
depend  upon  the  characteristics  of  the  generators  and  whether  the 
normal  current  is  based  upon  the  "maximum"  rating  or  allows  for 
a  continuous  overload ;  it  will  further  depend  upon  the  exact  point 
of  the  voltage  wave  at  which  short-circuit  takes  place,  the  possible 
variation  being  in  the  ratio  of  nearly  2  to  i  for  various  points 
of  the  voltage  wave.  However,  the  transition  from  this  initial 
condition  to  the  final  steady  state  is  rapid,  the  current  frequently 
dropping  15  or  20  percent  per  cycle  for  the  first  few  cycles.  Cir- 
cuit breakers  which  are  set  for  immediate  opening  seldom  inter- 
rupt the  circuit  before  two  cycles  have  passed  (25  cycle  apparatus 
considered)  and  many  types  allow  the  current  to  pass  for  several 
times  this  number  of  cycles.  If  by  means  of  a  time  limit  device, 
an  interval  of,  say,  two  seconds  be  allowed,  the  first  rush  of  cur- 
rent need  hardly  be  considered  as  far  as  the  switch  is  concerned. 
The  rate  at  which  the  abnormal  initial  conditions  subside  depends 
upon  the  rate  at  which  the  flux  in  the  generator  field  takes  up  its 
final  value,  determined  by  the  joint  action  of  armature  and  excita- 
tion currents,  which  in  turn  is  influenced  by  the  losses  in  the  arma- 
ture and  field  structures  under  short-circuit  conditions,  the  rate 
being  more  rapid,  the  greater  these  losses  are  for  a  given  current. 
Thus  in  a  generator  equipped  with  dampers  for  single-phase  oper- 
ation a  slower  settling  down  to  steady  conditions  is  to  be  expected 
than  in  the  same  machine  arranged  for  a  balanced  three-phase 
output ;  or  again  an  engine-type  generator  adapted  for  gas  engine 
drive  will  be  somewhat  more  sluggish  in  this  respect  than  one  with- 
out special  features.  We  thus  see  how  a  switch,  which  may  be 
said  to  have  a  breaking  capacity  corresponding  to  10  000  k.v.a 
when  used  in  a  reciprocating  engine  power  plant,  may  have  a  con- 
feiderably  reduced  k.v.a  breaking  capacity  if  installed  in  a  turbo- 
generator station.  A.  B.  Field 
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THEIR  DESIGN  AND   LIMITATIONS* 
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ON  account  of  the  large  capacities,  at  high  speeds,  now  being 
obtained  in  turbo-generator  practice,  a  number  of  prob- 
lems are  being  encountered,  the  solutions  of  which  are 
producing  more  or  less  radical  changes  in  design  and  practice. 
Some  of  tlie  limitations  encountered  are  in  the  relatively  high  tem- 
peratures in  certain  parts,  high  losses  in  a  relatively  small  space, 
the  difficulty  of  ventilation  due  to  the  requirement  of  passing  enor- 
mous volumes  of  cooling  air  through  limited  or  openings  or  pass- 
ages, the  type  of  insulation,  fire  risks,  regulation  and  short-circuit 
conditions,  etc. 

THE   PROHLEM    Ol"  VENTILATION 

In  the  general  ])robk'm  of  ventilation,  four  conditions  nuist  be 
considered,  the  total  loss  or  heat  developed,  the  surface  exposed  for 
dissij)ating  this  heat  to  the  air,  the  quantity  of  air  required  to  carry 
away  the  heat,  and  the  temperature  of  the  cooling  air. 

In  the  conduction  of  heat  from  the  surface  into  the  air,  the 
f|uantity  of  heat  per  unit  area  which  can  ])e  dissipated  depends 
upon  the  difference  in  temperature  maintained  between  the  surface 
of  the  body  and  the  air.  When  the  amount  of  air  passed  over  a 
surface  is  sufficient  to  take  uj)  the  heat  being  dissipated,  without 
an  undue  temperature  rise,  then  a  further  quantity  of  air  is  waste- 
ful. If  the  air  path  through  a  duct  is  relatively  long,  then  a  con- 
siderable width  of  duct  may  be  re(|uired  in  order  to  get  the  neces- 
sary quantity  of  air  through  it.  On  the  other  hand,  if  the  air 
path  is  short,  a  narrow  duct  may  be  most  effecti\  c. 

Tn  large,  high-speed  turbo-generators,  the  problem  of  ventila- 
tion is  one  of  the  most  difficult  ones  encountered.  The  trouble  He.s 
principally  in  the  large  total  loss  expended  in  a  very  limited  space. 
The  difficulties  of  the  problem  may  be  illustrated  by  the  following 
example : 

Assume   a  15000   k.v.a.    25    cycle,    1500   r.p.m.    machine,    ii.i\::i^    a  :  •  •"! 
efficiency  of  06.5   percent.     This  means  a  loss  of  565  k\v.     A   hr^r  v->'-,;mr 
of  cooling  air  is  required   for  carrying  away  the  heat  due 
simple   approximate    rule    for    determining   the   quantiiy    •f    air   requireii    is 

•From    paper   read   hefore    the    .American    Institute   of    Electri 
neers,  January  10,   :oi3. 
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that  an  expenditure  of  one  kw  in  one  minute  will  raise  the  temperature 
of  100  cu.  ft.  of  air  i8  degrees  C.  Therefore,  a  loss  of  565  kw  would 
require  a  supply  of  ventilating  air  of  approximatel);  50000  cu.  ft  per  minute 
for  a  rise  of  the  out-going  air  of  20  degrees  above  that  of  the  incoming 
air.  Assuming  a  velocity  of  3  000  ft.  per  minute,  this  would  mean,  with  a 
cylindrical  ventilating  channel,  a  diameter  of  56  in.,  which  is  greater  than 
the  rotor  diameter  itself.  However,  as  ordinarily  the  cooling  air  would  be 
supplied  to  both  sides  of  the  machine,  the  ventilating  passage  need  only 
be  half  the  above  section. 

Obviously,  such  passages  are  prohibitively  large,  and  much  greater  air 
velocities  through  the  machine  proper  are  necessary.  Velocities  as  high  as 
5000  to  6000  ft.  per  minute  are  common,  while,  in  some  cases,  more  than 
10  000  ft.  per  minute  has  been  required   in  certain  constricted   sections. 


^  J  -f  -V  ^  w 
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FIG.    I — RADIAL    METHOD    OF 
VENTILATION 


FIG.   2 — CIRCUMFERENTIAL   METHOD 
OF  VENTILATION 


iTiere  are  several  methods  of  ventilating  large  turbo-generat- 
ors. In  the  radial  system,  practically  all  the  cooling  air  passes  out 
radially  through  ventilating  ducts  in  the  stator  core.  This  system 
can  be  subdivided  into  two  alternative  methods,  depending  upon 
whether  the  air  is  partly  or  wholly  supplied  through  passages  in 
the  rotor,  or  through  the  air-gap  alone.  These  two  methods  are 
illustrated  in  Fig.  i.  The  straight  air-gap  arrangement  may  re- 
quire a  relatively  large  air-gap,  combined  with  very  high  velocity 
of  the  air,  while  the  other  method  permits  a  considerably  shorter 
gap.  The  straight  air-gap  method  of  ventilation  is  used,  to  a  con- 
siderable extent,  in  60-cycle  two-pole  machines.  It  has  proven 
astonishingly  effective  in  cooling  the  rotor,  and  there  is  usually  no 
great  difficulty  in  forcing  through  enough  air  to  cool  the  rotor  core. 
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However,  the  rotor  loss  in  large  turbo-generators  is  possibly  only 
ten  percent  of  the  total  loss,  and  a  relatively  small  proportion  of 
the  total  ventilating  air  may  suffice  to  cool  it.  The  cylindrical  sur- 
face of  the  rotor  core  can  give  off  four  or  live  watts  per  square 
inch  to  the  cooling  air,  with  a  temperature  rise  of  the  rotor  sur- 
face about  35  to  40  degrees  above  the  cooling  air. 

The  real  difficulty  with  the  air-gap  method  of  ventilation,  is 
not  so  much  in  getting  enough  air  through  for  cooling  the  rotor  it- 
self, but  in  the  much  larger  quantity  required  for  the  stator.  For 
instance,  a  one-inch  depth  of  gap  with  a  50-inch  diameter  of  rotor, 
means  a  total  section  of  air  path  into  the  gap  (counting  both  ends 
of  rotor)  of  314  sq.  in.  (2.18  sq.  ft.).  At  a  velocity  of  10 000  ft. 
per  minute,  this  allows  a  flow  of  only  21  800  cu.  ft.  per  minute, 
which  will  not  take  care  of  a  large  machine,  from  the  present  stand- 
point of  possible  capacities  with  the  above  diameter  of  rotor.  By 
additional  openings  in  the  rotor  core,  this  might  be  increased  to 
30  000  cu.  ft.  per  minute,  but  even  this  is  still  much  less  than  a  ma- 
chine, with  a  50-inch  diameter  of  rotor,  would  require  if  built  for 
capacities  otherwise  possible.  Therefore,  on  account  of  this  limi- 
tation other  means  of  ventilation  have  received  much  consideration. 
Two  other  general  systems  of  ventilation,  in  addition  to  the  gap 
method,  have  been  used,  namely,  the  circumferential  method,  and 
the  axial.  The  former  has  been  developed  and  applied  more  ex- 
tensively in  the  past,  but  the  latter  contains  possibilities  which  are 
bringing  it  rapidly  to  the  front. 

In  the  circumferential  method  of  ventilation,  air  is  supplied  to 
one  or  more  points  on  the  outside  circumference  of  the  stator,  and 
is  forced  circumferentially  around  through  the  air  ducts  to  suit- 
alile  outlets,  also  on  the  outside  surface.  Air-gap  ventilation  is 
usually  combined  with  this  circumferential  method,  partly  to  cool 
the  rotor.  The  general  arrangement  is  indicated  in  its  simplest 
form  with  one  inlet  and  one  outlet  diametrically  opposite  in  Fig.  2. 
A  serious  objection  to  this  method  of  ventilation  is  found  in  the 
limited  section  of  the  ventilating  path.  Assuming,  for  example. 
a  depth  of  stator  core  of  20  inches  outside  the  armature  slots  and 
a  total  of  forty  ^  in.  ventilating  ducts,  or  a  total  effective  duct  space 
of  15  inches  width,  then  this  gives  a  total  section  of  ventilating 
path  of  20  X  15X2=  600  sq.  in.,  or  4.16  sq.  ft.  On  account  of 
the  relatively  great  length  of  the  ventilating  path,  air  velocities  of 
more  than  6000  to  y  000  ft.  are  not  desirable  or  economical,  but 
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even  with  loooo  ft.  velocity,  the  total  quantity  of  air  would  be  only 
41  600  cu.  ft.  per  minute.  Furthermore,  this  method  is  handicapped 
in  machines  with  very  high-speed  rotors,  by  interference  between 
the  radial  and  the  circumferential  systems  of  ventilation,  so  that 
the  full  benefit  of  either  is  not  obtained.  Below  a  certain  rotor 
velocity,  apparently  the  circumferential  action  can  predominate, 
and  the  method  is  fairly  effective  up  to  the  permissible  air  capacity 
of  the  stator  ducts ;  but  at  very  high  speeds  the  radial  ventilation 
may  very  seriously  interfere  with  the  other,  so  much  so,  that  the 
radial  ventilation  alone,  even  with  its  very  restricted  gap  section, 
may  give  as  good  results  as  the  two  methods  acting  together. 

To  avoid  this  interference,  various  methods  have  been  devised, 
such  as  closing  part,  or  all,  of  the  radial  ventilating  ducts  at  the 


FIG.    3 — A   VENTILATION    SCHEME   COM-   FIG.    4 — A    MODIFIED   FORM    OF    THE    SIMPLE 
BINING    VARIOUS    METHODS  CIRCUMFERENTIAL    METHOD   OF 

VENTILATION 

air-gap  to  keep  the  radial  effect  from  interfering  with  the  other. 
One  arrangement  which  has  been  used  in  Europe  to  a  considerable 
extent  is  indicated  in  Fig.  3.  In  this,  the  alternate  radial  air  ducts 
are  closed  at  the  outside  surface,  while  all  are  closed  at  the  air-gap. 
The  air  enters  by  the  open  ducts  at  the  back  of  the  machine,  flows 
both  circumferentially  and  toward  the  gap,  and  crosses  over  to  the 
intermediate  ducts  by  axial  openings  back  of  the  armature  teeth,  and 
then  along  these  ducts  to  the  outlet.  This  scheme  is  effective  in 
principle,  but  is  uneconomical  in  the  sense  that  less  than  the  total 
section  of  stator  ducts  is  useful,  as  regards  the  quantity  of  air  which 
can  be  carried.  There  is  usually  one  large  central  duct  to  allow 
an  outlet  for  the  rotor  ventilating  air.     This  particular  arrange- 
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merit  of  the  stator  also  uses  axial  ventilation  in  crossing  over  from 
one  set  of  ducts  to  the  other,  which  is  an  effective  arrangement. 

A  modification  of  the  simple  circumferential  method  of  venti- 
lation is  to  admit  air  to  the  back  of  the  stator  at  two  opposite  sides 
of  the  machine,  and  deliver  it  at  two  outlets  at  intermediate  points 
on  the  surface,  as  shown  in  Fig.  4.  By  this  means,  the  cross-section 
of  the  ventilating  path  is  doubled  and  the  length  is  halved.  A 
serious  disadvantage  in  the  circumferential  ventilation  in  general  is 
that  the  ventilating  path  is  relatively  long,  especially  where  there 
is  but  one  inlet  and  outlet,  and  therefore  the  cooling  air  at  the  outlet 
of  the  channel  may  be  considerably  hoter  than  at  the  inlet,  with  con- 
sequent points  of  local  higher  temperature  in  the  core.  In  the  ra- 
dial type  of  ventilation,  the  coolest  air  is  applied  near  the  seat  of 
the  highest  losses,  namely,  at  the  armature  teeth,  and  immediately 
])ack  of  them,  and  the  air,  as  it  becomes  heated,  passes  over  the 

outer  part  of  the  iron  which  nor- 
mally has  less  heat  to  dissipate. 
The  radial  system  of  cooling  is 
therefore  theoretically  the  most 
effective,  but  the  difficulty  is  in 
applying  it,  due  to  the  limited  air 
passages  available. 

Both  the  circumferential  and 
the  radial  methods  of  cooling 
are  subject  to  one  serious  defect, 
namely,  most  of  the  heat  generated  in  the  stator  iron  nnist 
be  conducted  across  the  laminations  to  the  air  ducts.  The 
rale  of  conduction  across  the  laminations  is  only  i  to  10 
l)ercent  as  great  as  along  the  laminations.  Therefore,  if 
the  heat  could  all  be  conducted  along  the  laminations  to  the 
ventilating  surfaces,  apparently  much  more  effective  heat  di.-^- 
sipation  could  be  obtained.  This  has  led  to  the  development  of  the 
axial  system  of  ventilation,  as  distinguished  from  the  radial  and 
circumferential.  In  this  method,  shown  in  Fig.  5.  a  large  number 
of  axial  holes  are  provided  in  the  stator  core,  which  may  extend 
uninterruptedly  from  one  side  of  the  core  to  the  other,  or  they 
may  extend  from  each  side  to  one  or  more  large  central  radial  chan- 
nels. The  usual  numerous  radial  ducts  are  omitted,  or  may  be  con- 
sidered as  c(imbined  in  one  central  channel.  The  rotor  cooling  i^ 
accomplished  by  air  along  the  air-gap,  and  through  the  rotor  core 


FIG.   5 — A   METHOD  OF  VENTILATION 
USING  AXIAL  DUCTS 
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to  the  large  central  duct.  In  very  large  machines,  the  problem  of 
supplying  the  required  quantity  of  air  from  a  suitable  blower  forms 
a  serious  problem.  In  small  capacities  it  has  been  the  usual  practice 
to  attach  blowing  fans  to  the  rotor.  Such  fans  can  supply  an 
amount  of  air  which  is  limited  by  the  diameter  and  other  dimen- 
sions of  the  fan  itself.  Assume,  for  example,  that  by  lengthening 
the  rotor  core,  or  by  other  modifications  in  the  construction,  the 
capacity  of  the  machine  can  be  doubled,  and  therefore  double  the 
quantity  of  air  is  required  for  cooling.  If  the  limit  of  the  fan  de- 
sign or  operation  was  reached  before,  obviously  some  radical  change 
is  required  with  the  new  capacity  of  the  machine.  This  condition 
apparently  has  been  reached  in  some  o  fthe  later  large,  high-speed 
turbo-alternators.  One  solution  lies  in  the  use  of  separate  fans 
or  blowers.  There  are  a  number  of  meritorious  features  in  the 
use  of  a  separate  blower.  In  the  first  place,  it  can  be  made  some- 
what more  efficient  than  the  high-speed,  rotor-driven  fans.  Again, 
variable  speeds,  and  therefore  different  air  pressures,  can  be  ob- 
tained. 

One  further  condition  keeps  cropping  out  in  the  general  prob- 
lem of  ventilation,  namely,  that  of  filtering  or  washing,  or  otherwise 
cleaning  the  ventilating  air.  With  50  000  to  75  000  cu.  ft.  of  air 
per  minute  passing  through  a  large  machine,  an  enormous  quantity 
of  foreign  matter  is  carried  through  with  the  ventilating  air.  A  de- 
posit of  a  very  small  percentage  of  this  in  the  machine  will  prob- 
ably be  disastrous.  However,  the  high  velocity  of  the  air  serves 
to  keep  the  air  passages  clear  if  no  oil  or  moisture  is  allowed  to 
enter.  That  a  large  amount  of  foreign  matter  does  go  through  the 
machine  is  very  soon  shown  in  case  a  little  oil  is  allowed  to  get  into 
the  ventilating  passages. 

On  account  of  the  deposit  of  dust,  etc.,  in  the  ventilating  pass- 
ages, it  is  necessary  to  clean  certain  types  of  machines  at  intervals, 
and  it  is  advisable  to  clean  all  types  occasionally.  With  some  sys- 
tems of  ventilation,  where  such  cleaning  is  difficult,  such  as  that 
shown  in  Fig.  4,  provision  must  be  made  for  cleaning  the  air  before 
it  enters  the  machine.  With  the  particular  construction  shown  air 
filters  are  almost  always  supplied.  In  the  American  types  of  con- 
struction, however,  such  filters  have  not  yet  been  used,  except  in  a 
more  or  less  experimental  manner.  One  modification  which  is  being 
agitated  at  present  is  that  of  washing,  instead  of  filtering,  the  air. 
This  serves  the  double  purpoge  pf  cl^aqing  and  cooling  the  air,  and 


HIGH-SPEED    TURBO-ALTERNATORS  115 

in  very  hot  weather,  when  the  available  capacity  of  the  machine  is 
at  its  minimum,  this  cooling  effect  may  mean  a  reduction  of  6  to  10 
degrees  in  the  temperature  of  the  machine. 

THE  TEMPERATURE   PROBLEM 

In  electrical  apparatus,  it  is  not  the  temperature  rises,  but  the 
ultimate  temperatures  which  are  of  first  importance.  The  real  limi- 
tation in  ultimate  temperature  does  not  lie  in  the  copper  and  iron, 
but  in  the  insulating  materials.  However,  as  insulating  materials  in 
themselves  are  not  usually  sources  of  heat,  but  receive  most  of 
their  heat  from  iron  or  copper,  the  real  temperature  problem,  as 
regards  insulation,  resolves  itself  into  the  consideration  of  that  of 
the  adjacent  materials.  Therefore,  it  is  one  which,  for  its  full 
analysis,  requires  a  knowledge  of  the  sources  and  amounts  of  heat 
generated,  and  its  conduction  and  distribution  to  other  parts. 

In  the  armature  core,  the  problem  is  rather  complex.  In 
the  copper  buried  in  the  armature  slots,  there  are  usually  three 
paths  along  which  the  heat  can  flow :  First,  it  may  flow  from  the 
copper  directly  through  the  insulation  to  the  iron.  Second,  it  may 
flow  lengthwise  of  the  copper  to  the  end  windings  to  be  dissipated 
directly  into  the  air.  Third,  in  the  case  of  open-slot  machines,  one 
edge  of  the  coil  may  be  exposed  to  the  air  in  the  air-gap,  and  thus 
there  may  be  a  direct  conduction  of  the  heat  through  the  insula- 
tion to  the  air  in  the  air-gap.  This  latter  case,  however,  only  holds 
for  the  upper  coil  in  the  case  of  two  coils  per  slot,  which  is  the 
most  common  construction.  In  the  bottom  coil,  the  only  means 
of  conduction  in  the  buried  portion  of  the  coil,  are  to  the  ad- 
jacent iron  or  lengthwise  to  the  end  windings,  or  to  the  adjacent 
upper  coil,  which,  hpwever,  would  normally  have  at  least  as  high 
temperature  as  the  lower  coil.  It  has  usually  been  considered  that, 
in  the  buried  cop])er,  the  greater  portion  of  the  heat  is  conducted 
directly  into  the  surrounding  iron.  However,  this  is  only  partially 
true,  depending  u|)on  many  features  in  the  construction  and  type 
of  apparatus.  The  heat  conductivity  of  copper  is,  roughly,  about 
six  times  that  of  laminated  iron  lengthwise  of  the  sheet,  and  ten 
to  twenty  times  that  across  the  laminations. 

In  an  armature  which  is  comparatively  narrow  ami  which  has 
very  open,  well  ventilated  end  windings,  a  relatively  small  difference 
in  temperature  between  the  copper  at  the  center  of  the  core  and  that 
in  the  end  winding-^,  mav  cause  a  relatively  large  flow  of  heat  from 
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the  buried  copper  to  the  end  copper.  There  even  might  be  conduc- 
tion from  the  iron  to  the  copper;  for  if  the  copper  and  iron  are 
at  the  same  temperature  at  the  middle  of  the  core,  then  as  the 
edges  of  the  core  are  approached,  the  copper  temperatures  will  be 
lower  than  at  the  center,  and  therefore  lower  than  the  adjacent  iron, 
on  the  assumption  constant  iron  temperatures  over  the  full  width  of 
the  core,  as  represented  in  Fig.  6.  The  solid  line  a  in  this  figure 
represents  the  iron  temperature  at  uniformly  40  degrees  rise,  and 
the  dotted  line  h  represents  the  copper  temperatures  from  the  mid- 
dle of  the  core  to  the  edges.  The  effect  of  this  additional  heat  car- 
ried out  by  the  copper  would  be  such  as  to  tend  to  increase  the 
temperature  of  the  copper  at  the  middle  of  the  core  by  "banking  up" 
the  copper  heat.      Again,  if  the  temperature  of  the  copper  is  mate- 


FIGS    6    AND    7 — TEMPERATURE    CURVES    OF    IRON    CORE    AND    COPPER    WIND- 
ING FOR   AN   ALTERNATOR   WITH   A   COMPARITIVELY   NARROW   CORE 


rially  higher  than  that  of  the  surrounding  core,  the  conditions  may 
be  as  represented  in  Fig.  7.  In  this  case  there  will  be  heat  flow 
from  the  copper  to  the  iron  at  the  middle  of  the  core,  and  from 
the  iron  to  the  copper  at  the  edges. 

This  study  of  the  problem  leads  to  certain  very  curious  condi- 
tions which  are  sometimes  found  in  large  machines.  At  no-load, 
for  instance,  with  practically  no  copper  loss  with  high  iron  loss, 
there  may  be  a  very  considerable  flow  of  heat  from  the  armature 
teeth  through  the  insulation  into  the  copper,  and  thence  to  the  end 
windings  and  to  the  air.  In  this  way  the  temperature  of  the  arma- 
ture teeth  at  no  load,  and  with  normal  voltage  generated,  may  be 
reduced  considerably  by  conduction  of  the  iron  heat  to  the  copper, 
while  the  copper  itself  may  show  a  considerable  temperature  rise. 
When  such  a  machine  is  loaded,  the  temperature  of  the  armature 
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teeth  may  actually  increase,  due  to  the  prevention  of  heat  conduc- 
tion into  the  copper. 

In  high  voltage  windings  requiring  thick  insulation,  the  temper- 
ature drop  from  the  copper  to  the  outside  may  be  relatively  large. 
Experience  shows  that  the  amount  which  can  be  conducted  is  a 
function  of  the  quality  of  the  material,  the  way  it  is  built  up,  its 
thickness,  and  also  the  pressure  upon  it. 

In  the  armature  iron,  the  problem  of  heat  conduction  is  just 
as  complicated  as  in  the  armature  conductor.  The  principal 
sources  of  heat  lie  in  the  armature  teeth  and  in  the  armature  core 
back  of  the  teeth.  As  a  rule,  the  loss  in  the  portion  of  the  core 
immediately  back  of  the  teeth  is  larger  than  at  a  greater  depth, 
for  the  magnetic  fluxes  generally  crowd  close  to  the  teeth.  The 
heat  from  the  armature  teeth  can  be  dissipated  along  several  paths, 
lengthwise  of  the  laminations  to  the  end  of  the  tooth  and  into  the 
air-gap,  or  along  the  laminations  to  the  armature  core  where  it  can 
spread  out  through  a  path  of  much  greater  cross-section.  A  third 
path  is  across  the  laminations  of  the  teeth,  to  ventilating  ducts.  This 
latter  path,  however,  necessarily  must  be  relatively  poor  in  con- 
ductivity, but  offsetting  this,  it  is  frequently  of  much  greater  cross- 
section  and  of  relatively  small  length.  In  passing  from  plate  to 
l^late,  the  heat  must  pass  through  the  insulating  varnish,  or  other 
material  used,  which  is  of  relatively  high  heat  resistance  compared 
with  the  iron  itself.  Nevertheless,  in  marines  with  radial  ventila- 
tion, a  very  considerable  portion  of  the  h^t  due  to  the  tooth  loss 
is  carried  transversely  through  the  plates'to  the  air  in  the  ventila- 
ting ducts,  simply  because  that  is  the  path  of  lowest  total  heat  re- 
sistance. 

The  temperature  to  which  the  insulation  is  lial^le  to  be  sub- 
jected, appears  to  be  largely  a  problem  for  the  designer  to  deter- 
mine from  his  calculations.  This  is  especially  the  case  with  very 
wide  armature  cores  and  large,  heavily  insulated  armature  coils, 
such  as  found  in  large  capacity,  high-speed  turbo-generators.  In 
such  apparatus,  the  temperatures  actually  obtained  are  liable  to  l>e 
materially  higher  than  the  usual  methods  of  measurement  will  in- 
dicate. These  temperatures  are  inherent  to  the  conditons  of  dcsijrn 
and  cannot  be  avoided  economically  in  such  apparatus  as  turlv^- 
generators.  The  limitations  in  speed,  strength  of  material,  etc. 
force  the  designer  to  certain  proix^rtions  which  preclude  larger  di- 
mensions, or  lower  inductions  in  the  iron,  or  lower  densities  in  the 
copper,  or  increased  ventilation.      In  such  apparatus,  therefore,  the 
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development  apparently  lies  in  the  direction  of  insulations  which 
will  stand  the  higher  temperatures  which  may  be  obtained.  These 
conditions  of  higher  temperatures  m  some  parts  of  the  machine, 
than  indicated  by  the  usual  tests,  have  been  recognized  for  years 
by  designers  and  manufacturers  of  large  electric  machinery.  A 
rough  indication  of  these  temperatures  can  be  obtained  by  exploring 
coils  or  thermo-couples  suitably  located.  However,  it  is  evident 
that  such  coils,  if  located  next  to  the  copper,  will  not  give  the  cor- 
rect temperature  measurement  if  the  flow  of  heat  is  from  the  iron 
to  the  copper,  and  vice  versa.  It  is  thus  not  practicable  to  deter- 
mine the  actual  temperatures  of  all  parts  of  the  insulation,  except 
by  measurements  of  a  laboratory  nature. 

On  account  of  the  higher  temperatures  and  the  difficulty  of 
making  exact  measurements,  manufacturers  very  generally  have- 
adopted  the  use  of  mica  as  an  insulating  material  on  the  buried 
part  of  the  coils.  Experience  has  shown  that  such  material,  when 
properly  applied,  can  safely  stand  temperatures  of  at  least  125 
degrees  C. 

If  exploring  coils  should  show  70  degrees,  C,  rise,  and  the  per- 
missible ultimate  temperature  of  Hhrous  or  tape  insulation  is  as- 
sumed as  90  degrees,  then  obviously,  with  air  at  40  degrees  the  in- 
sulation would  be  considered  as  insufficient,  except  for  intermittent 
service.  Plainly,  the  insulation,  for  such  temperatures,  should  be  of 
mica,  for  which  125  degrees  has  been  found  to  be  safe.  Further- 
more, it  may  be  stated  that  with  such  mica  insulation,  a  turbo-gen- 
erator which  shows  75  degrees  rise  by  exploring  coils  has  more 
margin  of  safety  than  the  ordinary  varnished-tape-insulated  low- 
voltage  machines  of  any  type,  which  show  40  degrees  rise  by  ther- 
mometer or  50  degrees  rise  by  resistance. 

It  is  thus  evident  that  the  temperature  problem  is  a  most  com- 
plex one,  in  all  electrical  apparatus,  and  especially  so  in  turbo-gen- 
erators. It  indicates  that  no  simple  temperature  test  can  show  all 
the  facts,  and  that  all  commercial  methods  must  be  considered  as 
approximations.  It  also  shows  the  absurdity  of  classifying  a  piece 
of  apparatus  as  good  or  bad,  according  to  whether  it  tests  possibly 
one  or  two  degrees  below  or  above  a  specified  thermometer  guar- 
antee. 

THE  INSULATION  PROBLEM 

The  one  fundamental  condition  which  must  be  considerred  in 
the  insulation  problem,  is  the  durability  of  the  material  itself,  and 
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this  must  be  viewed  from  two  standpoints — the  mechanical,  and 
the  electrical.  From  the  mechanical  standpoint,  the  material  may 
have  its  insulating  qualities  impaired  by  the  action  of  mechanical 
forces  which  tend  to  crack,  crush  or  disrupt  the  material  itself, 
or  it  may  be  affected  by  being  permeated  by  foreign  materials  or 
substances,  or  it  may  be  injured  by  such  overheating  as  will  carbon- 
ize it,  or  render  it  brittle  or  otherwise  unsuitable.  From  the  elec- 
trical standpoint,  it  may  be  weakened  by  deterioration  of  the  quality 
of  the  insulating  material  itself,  due  to  heating,  or  oxidation  or 
other  causes. 

The  effect  of  mechanical  injury,  such  as  cracking,  crushing  or 
overheating,  on  the  insulating  qualities,  will  depend  upon  many 
conditions.  In  some  cases,  with  relatively  low  voltage,  any  effective 
mechanical  separation  of  the  parts  is  sufficient  for  electrical  pur- 
poses. Foi  higher  voltages,  continuity  of  the  separating  insulating 
medium  is  necessary.  Experience  has  shown  that,  for  moderate 
voltages,  temperatures  which  may  injure,  or  even  ruin,  the  insulat- 
ing material,  from  a  mechanical  standpoint,  may  not  seriously  af- 
fect its  insulating  qualities.  Many  insulating  materials  of  a  cellu- 
lose nature  will  still  retain  good  insulating  qualities  if  maintained 
at  temperatures  as  high  as  150  degrees  for  such  long  periods  that 
the  material  itself  semi-carbonizes.  Under  such  high  temperature 
conditions,  however,  it  becomes  structurally  bad — that  is,  it  may 
become  so  brittle  that  it  tends  to  crumble,  or  powder,  or  flake  off, 
and  thus  its  value  as  as  insulation  is  impaired  by  displacement  of 
the  material  itself.  Tn  low  voltages,  therefore,  it  is  not  a  deteriora- 
tion in  the  insulating  <|ualities,  ])ut  rather  a  mechanical  breakdown 
of  the  material  itself,  which  is  liable  to  cause  trouble.  With  high 
voltages,  however,  the  conditions  may  be  quite  different,  the  di- 
electric strength  may  be  so  affected  by  long  continued  high  tem- 
peratures that  the  insulating  quality  becomes  insufficient. 

Certain  insulation  difficulties  have  been  encountered  in  large 
turbo-generators,  which,  while  they  would  have  developed  eventual- 
ly in  other  large  machines,  yet  became  apparent  more  quickly  and 
prominently  in  the  turbo  type,  due  to  the  abnormal  conditions  in  its 
design.  The  two  most  prominent  difficulties  were,  first,  that  of 
relatively  high  temperature  in  the  buried  copper,  already  described, 
and  second,  the  destruction  of  the  insulation  by  reason  of  static 
discharges  between  the  coils  and  the  armature  iron. 

When  the  gradual  deterioration  of  the  fibrous  type  of  insula* 
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tion  was  noted  in  large  turbo-generators,  the  mica  wrapper  type 
of  insulation  was  again  taken  up  and,  after  considerable  experi- 
ment, was  applied  successfully  for  the  outside  insulation  on  the 
straight  parts  of  the  coils.  '  This  use  of  mica  overcame  the  deterio- 
ration in  the  insulating  qualities  of  the  outside  insulation ;  but  for 
a  while  it  was  considered  that  a  fibrous  type  of  insulation  was  still 
effective  between  turns  in  those  coils  where  there  were  two  or  more 
turns  in  series  per  coil.  However,  a  new  condition  was  encoun- 
tered in  large  capacity  machines,  namely,  the  insulation  between 
turns,  when  it  became  dry  and  brittle  at  the  higher  temperatures, 
was  liable  to  be  injured  by  the  terrific  shocks  to  which  the  coils  were 
subjected  in  such  machines,  in  case  of  a  short-circuit  across  the 
terminals.  The  insulation  would  be  cracked  or  so  disturbed  that 
short-circuits  would  occur  later,  without  apparent  cause.  These 
short-circuits  on  large  machines,  most  often  appeared  as  break- 
downs to  ground,  even  with  the  mica  wrapper  insulation  on  the 
outside  of  the  coil.  This  led  to  the  practice  of  insulating  the  in- 
dividual turns  in  each  coil,  from  end  to  end,  with  mica  tape.  After 
the  adoption  of  this  practice,  it  is  noteworthy  that  the  breakdowns 
to  ground  practically  disappeared,  although  the  outside  insulation 
to  ground  had  not  been  changed  in  type  or  thickness.  By  means 
of  the  mica  insulation,  the  temperature  difficulties  in  general  have 
been  entirely  overcome,  and  a  durable  and  non-deteriorating  con- 
struction has  been  obtained  with  the  temperatures  which  appear  to 
be  more  or  less  inherent  in  the  large,  high-speed  turbo-generators. 

The  second  trouble,  namely,  that  due  to  static  discharges  be- 
tween the  armature  copper  and  the  iron,  was  also  encountered  to 
a  certain  extent,  on  some  of  the  earlier  machines.  It  was  found 
that  these  discharges  were  apparently  "eating"  holes,  or  even 
grooves,  through  the  outside  insulation  of  the  armature  coils.  This 
efifect  was  most  pronounced  at  the  edges  of  the  air  ducts  and  at 
the  ends  of  the  armature  core,  where  edges  were  presented  by  the 
iron.  After  a  long  period,  the  holes  or  grooves  would  become  so 
deep  that  the  insulation  was  weakened  or  ruined.  This  was  a  very 
disturbing  condition,  when  it  was  once  fully  recognized  and  ap- 
preciated. Various  types  of  machines  and  windings  were  exam- 
ined. It  was  noted  that  the  action  was  a  function  of  the  voltage 
of  the  machine,  but  was  noticeable,  in  some  cases,  at  relatively 
low  voltages.  Where  mica  wrappers  were  used  with  an  outside 
layer  of  tape,  the  "eating  away"  extended  only  through  the  out- 


HIGH-SPEED   TURBO-ALTERNATORS  121 

side  wrapping  in  as  far  as  the  mica,  and  no  apparent  effect  at  the 
mica  was  visible.  This  naturally  led  to  the  conclusion  that  the 
most  suitable  remedy  for  the  trouble  was  the  use  of  mica  insulation, 
which  was  also  a  remedy  for  the  temperature  conditions.  The  mica 
insulations  on  the  buried  part  of  the  coil  has  now  been  very  gen- 
erally adopted  in  this  country  on  high-voltage  machines. 

ROTOR  INSULATION 

In  most  of  the  early  turbo-generators,  the  rotor  winding  in  the 
slots  was  insulated  with  fibrous  material,  "fish  paper"  and  "horn" 
fiber  having  the  preference.  One  of  the  difficulties  is  that  the  in- 
sulation between  the  winding  and  the  slot  is  liable  to  be  crushed 
or  cracked  by  the  high  centrifugal  forces.  There  is  always  the 
possibility  of  a  small  amount  of  movement  in  the  field  coils  when 
a  machine  is  being  brought  up  to  speed,  and  this  movement,  in  it- 
self, may  eventually  damage  the  insulation  if  it  is  at  all  brittle. 

As  the  capacities  and  speeds  of  turbo-generators  were  increased 
and  the  space  limitations  for  the  rotor  windings  became  more  pro- 
nounced, the  resulting  higher  normal  temperatures  led  to  the  adop- 
tion of  mica  for  the  insulating  material  in  the  slots  with  either  mica 
or  asbestos  for  the  insulation  between  turns.  As  the  voltage  be- 
tween adjacent  turns  is  always  low,  a  durable  separating  medium, 
which  will  not  become  crisp  or  brittle  at  fairly  high'  temperatures, 
is  needed,  rather  than  an  insulation.  Asbestos  has  served  for  this 
purpose  very  effectively,  and  has  some  advantages  over  mica,  as 
the  latter  must  be  applied  in  relatively  small  pieces  in  the  form  of 
strap  or  tape,  and  the  individual  pieces  are  more  readily  displaced 
or  shifted  than  is  the  case  with  asbestos.  Some  very  severe  tests 
have  been  made  in  order  to  determine  the  possibilities  of  such  rotor 
insulation.  In  one  case,  a  turbo  rotor  thus  insulated  was  run  at 
full  speed  for  over  40  hours,  with  such  a  current  that  the  rise  by 
resistance  in  the  rotor  copj)cr  was  about  250  degrees,  C.  It  was 
the  intention  to  continue  this  test  very  much  longer,  but  the  con- 
duction of  heat  from  the  winding  to  the  core,  and  thence  through 
the  shaft  to  the  bearings,  was  such  that  finally  the  bearings  became 
overheated  and  gave  out.  After  this  test,  the  winding  was  carefully 
dismantled,  and  no  evidence  of  any  injury  to  the  insulation  could 
be  discovered. 

LOSSES  IN  TURBO- ALTERNATORS 

The  total  iron  and  copper  losses  in  a  large,  high-speed  turbo- 
alternator  are  in  general  no  higher  than  in  a  corresponding  capacity 
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low-speed  machine.  The  magnetic  flux  densities  are  somewhat 
lower  than  in  lower  speed  machines  of  the  same  frequency.  It  is 
usual  to  work  the  armature  copper  at  a  lower  current  density,  and 
therefore  at  a  relatively  lower  total  copper  loss.  This  is  somewhat 
of  a  handicap  in  the  economical  design  of  the  generator,  as  extra 
space  is  thus  required  for  the  winding.  On  account  of  the  com- 
partively  large  section  of  armature  conductors,  the  conduction  of 
heat  from  the  buried  copper  to  the  end  windings  is  relatively  large. 
The  end  windings  lie  more  or  less  across  the  path  of  the  ventilating 
air,  and  there  are  ample  openings  between  the  coils,  so  that  a  very 
considerable  part  of  the  ventilating  air  will  pass  between  the  coils 
of  the  end  windings  in  such  a  way  as  to  give  the  maximum  possible 
ventilation.  When  it  is  considerd  that  the  total  armature  copper 
loss  may  be  only  20  percent  of  the  total  stator  loss,  it  will  be  seen 
that  an  excessive  amount  of  air  is  not  required  when  the  end  wind- 
ings are  properly  arranged  for  most  effective  ventilation. 

Much  effort  has  been  expended  in  eliminating  or  reducing  the 
eddy  current  losses  in  the  buried  copper  of  large  turbo-generators, 
as  well  as  in  other  types  of  large  capacity  alternators.  In  some  in- 
stances, tests  have  indicated  that  the  local  e.m.fs.  set  up  in  the 
armature  conductors  by  the  flux  through  the  slot  opening  is  very 
considerably  greater  than  those  due  to  the  flux  across  the  slot.  The 
simplest  remedy  is  to  sub-divide  the  conductors  into  a  number  of 
wires  or  conductors  in  parallel,  so  arranged  or  connected  that  the 
local  e.m.fs.  oppose  and,  to  a  great  extent,  balance  each  other.  This 
opposition  may  be  obtained  by  special  arrangement  of  the  conductors 
in  each  individual  slot,  or  parallel  conductors  in  the  two  halves  of  a 
complete  coil  may  be  connected  in  opposition  to  each  other.  Some 
of  these  arrangements  do  not  completely  balance  the  opposing 
e.m.fs.,  but  they  include  the  resistance  of  the  complete  coil  in  the 
eddy  current  circuit,  so  that  the  eddy  losses  are  not  only  very  ma- 
terially reduced,  but  they  are  distributed  over  the  entire  coil,  in- 
cluding the  end  windings,  which  condition,  in  itself,  represents  a 
very  material  improvement. 

REGULATION   AND   SHORT-CIRCUIT   CHARACTERISTICS 

Alternating-current  generators  can  give,  at  the  instant  of  short- 
circuit,  a  much  greater  current  than  that  which  they  will  give  on 
continued  short-circuit.       The  real  possibilities  for  trouble  in  this^ 
matter   did   not   develop  until   the   large   capacity  turbo-generators 
came  into  use.     In  these  machines,  the  armature  ampere-turns  per 
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pole  are  so  high,  that  the  stresses  due  to  the  stray  magnetic  fields 
on  short-circuit  are  much  greater  than  the  natural  rigidity  of  the  end 
windings  will  withstand.  In  this  country,  the  types  of  armature 
windings  has  narrowed  down  to  the  open-slot  construction,  usually 
with  an  upper  and  lower  coil  per  slot,  with  the  end  winding  arranged 
in  two  layers,  similar  to  direct-current  armature  windings.  The  end 
winding  is  extended  at  various  angles  to  the  axis  of  the  machine 
from  almost  parallel  up  to  90  degrees,  as  shown  in  Fig.  8.  The 
principal  type  is  one  which  extends  at  some  angle  between  30  and 
60  degrees  to  the  axis.  There  are  several  reasons  for  this — first, 
it  allows  a  very  substantial  bracing  to  be  applied  to  the  end  windings. 
Second,  the  stray  fields  around  the  end  windings  do  not,  to  any 
extent,  cut  the  adjacent  solid  parts,  such  as  the  end  housings,  stator 
and  end-plates,  etc.  An  angular  position  of  approximately  45  de- 
grees seems  to  be  a  good  compromise.     Ample  suports,  as  shown 

in  Fig.  9,  can  be  applied  for 
bracing  the  windings  against 
movement  in  any  direction. 
The  coils  are  so  clamped  to 
the  supporting  racks,  and 
are  braced  against  each 
other  that  the  windings  will 
sustain  a  short-circuit  across  the  terminals,  without  injury. 

On  some  recent  large  turbo-generators,  the  end  windings  have 
been  further  strengthened  by  double  metal  racks  between  the  two 
layers  of  windings,  so  arranged  as  to  key  these  two  layers  securely 
to  one  anotlier  at  certain  points.  Moulded  mica  troughs  are  placed 
around  the  coils  as  an  extra  insulation  from  the  metal  racks.  By 
this  keying  of  the  two  layers  to  one  another,  the  winding  as  a  whole 
is  stiffened,  (juite  irrespective  of  any  other  clamping  arrangement. 

In  order  to  limit  the  momentary  short-circuit  current,  the  arma- 
ture reactance  is  now  usually  made  as  large  as  the  conditions  of  the 
design  will  permit.  This  means  high  ampere-turns  per  pole,  whicli 
in  turn  means  high  synchronous  reactance,  and  consequently  poor 
inherent  regulation  of  the  machine,  especially  on  inductive  loads. 
This  can  be  illustrated  by  the  following  cxami)le  : 

.Assume  a  500  k\v  unit  i>f  an  earlier  design,  wliicli  can  give  2-,  times 
full-load  current  on  momentary  short-circuit.  By  certain  improvements  in 
the  design  of  the  armature  coils,  such  as  the  use  of  deeper  ■^i"t>:.  better 
slots,  better  subdivision  of  the  copper  to  eliminate  eddy  currents,  improved 


FIG.    8 — .\RR.\Xr.F.MEXTS    OF    EXD    WINDINGS 
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ventilation  and  conduction  of  heat,  etc.,  the  capacity  of  the  machine  is 
assumed  to  be  increased  to  loooo  k.v.a.,  the  number  of  armature  turns  re- 
maining the  same  as  before.  It  is  evident  that  when  short-circuited,  the 
revised  machine  will  give  the  same  total  current  as  on  the  former  rating, 
which,  however,  is  only  12.5  times  the  rated  current  on  the  new  capacity 
basis.  Obviously,  the  end  winding  stresses  are  no  greater  than  before,  al- 
though the  nominal  capacity  has  been  doubled,  and  if  it  were  possible  to 
brace  the  end  windings  satisfactorily  with  the  former  rating,  the  same 
bracing  should  be  effective  on  the  new  rating. 

This  illustrates,  roughly,  what  is  taking  place  in  later  designs, 
although  the  steps  in  the  change  may  not  be  just  those  mentioned. 


FIG.    9 — END  VIEW  OF   STATOR   SHOWING   ENDS  OF   COILS    AND 
METHOD  OF  BRACING 

Again,  in  the  above  example,  it  is  obvious  that,  with  the  new  rat- 
ing, the  inherent  regulation  at  full  load  is  the  same  as  at  100  per- 
cent overload  on  the  old  rating,  which  means  that  it  is  relatively 
poor.  Another  way  to  express  this  is  that  the  old  rating  might 
give  2.5  times  full-load  current  on  steady  short-circuit,  while  the 
new  rating  gives  1.25  times.  This  condition  of  poorer  regulation 
is  inherent  in  the  newer  practice,  but  is  apparently  acceptable  to 
the  users  of  such  apparatus. 


THE  PORTABLE  ROTARY  CONVERTER  SUBSTATION 

B.  W.  KERR 

A  PERSISTENT  study  has  been  made  in  recent  years  of 
ways  and  means  to  reduce  initial  and  operating  costs  on 
electric  railway  systems,  plans  of  wide  scope  having  been 
adopted.  Some  economies  are  obtainable  only  when  practiced  on 
a  large  scale,  and  would  add  to  the  cost  of  smaller  systems.  The 
portable  sub-station  is  not  of  this  class,  but  can  effect  great  sav- 
ings both  in  initial  and  operating  costs  on  any  ordinary  system, 
large  or  small,  that  uses  high  voltage  transmission  of  energy.  It 
was  first  developed  to  meet  emergencies,  but  has  proved  its  worth 
in  other  directions  until  it  is  now  recognized  as  an  integral  and  es- 
sential part  of  the  equipment  of  many  operating  companies. 

Low  initial  cost  of  a  system,  flexibility  of  operation  and  con- 
tinuity of  service  are  three  important  factors  in  successful  railway 
operation.  It  is  only  within  recent  years  that  railway  operating 
men  have  realized  what  an  important  bearing  the  portable  sub- 
station has  on  the  accomplishment  of  these  three  features.  Opera- 
ting conditions  on  electric  railroads  vary  considerably,  but  the  fol- 
lowing are  some  of  the  practical  applications,  taken  from  experi- 
ence, in  which  portable  sub-stations  have  proved  their  worth. 
Other  and  more  particular  uses  will  undoubtedly  suggest  them- 
selves to  the.  experienced  operating  man. 

I — In  building  a  new  line  or  an  extension,  instead  of  install- 
ing duplicate  equipment  in  each  sub-station  to  insure  continuity  of 
service,  a  single  spare  unit  located  in  a  portable  sub-station  will 
provide  insurance  against  interruption  for  several  sub-stations. 
Taking,  for  example,  a  lay-out  providing  for  six  sub-stations,  this 
means  that  instead  of  installing  a  spare  unit  in  each  sub-station, 
or  a  total  of  twelve  rotary  converters,  seven  complete  rotary  con- 
verter units  can  perform  the  same  duty. 

2 — In  building  a  new  line  or  an  extension,  it  is  often  very  dif- 
ficult to  determine  in  advance  the  most  advantageous  locations  for 
the  sub-stations.  A  portable  station  can  be  tried  at  several  points 
and  under  different  conditions  of  load  distribution,  and  thus  the 
([uestion  may  be  settled  by  actual  data  instead  of  by  calculations 
which  may  not  be  very  accurate. 

3 — It  is  difficult  to  do  any  complete  overhauling  in  the  ordinary 
sub-station  while  it  is  carrying  load,  or  while  voltage  is  on  the 
switchboard.     A  portable  sub-station  can  be  run  alongside  and  the 
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permanent  sub-station  completely  disconnected  from  the  line.  The 
portable  station  can  then  carry  the  load  and  the  overhauling  may 
be  done   in   a  minimum  of  time  and  at   a  minimum   exoense  and 

J. 

hazard  to  life. 

4 — It  is  frequently  desirable  to  have  the  use  of  power  on  new 
construction  work  when  the  direct-current  feeder  system  has  not 
yet  been  installed.  A  temporary  high  tension  line  can  be  run  to 
the  desired  point  and  the  sub-station  can  supply  the  direct-current. 

5 — In  rebuilding  or  overhauling  a  transmission  line,  a  port- 
able sub-station  can  do  good  service.  The  high  voltage  line  can 
be  disconnected  just  beyond  a  permanent  sub-station  and  the  line 
fed  through  the  direct-current   feeders  to  the  portable,  located  at 


FIG.      I- — PORTABLE     ROTARY     CONVKKTEK     SUli-SiATlON 

One   lines    of   Washington    and    Old    Dominion    Railway   Company, 
2,3  000  volts  primary. 

the  end  of  the  section  on  which  work  is  being  done,  where  the 
voltage  may  be  stepped  up  again  by  running  the  converter  invert- 
ed. A  section  of  the  high  tension  line  can  thus  be  entirely  dis- 
connected from  adjacent  sections. 

6 — For  heavy  localized  and  periodical  loads  such  as  those  due 
to  fairs,  ball  parks,  etc.,  a  portable  sub-station  can  render  invalu- 
able service,  as  it  can  be  moved  to  points  of  heavy  load  without 
difficulty. 

7 — Frequently,  in  soliciting  a  customer  for  industrial  load 
from  high-tension  circuits,  it  is  difficult  to  estimate  the  power  re- 
quirements. With  a  portable  sub-station,  this  load  curve  can  be 
determined   accurately  over   as  long  a  period  as  may  be  desired, 
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and  the  customer  can  then  see  exactly  how  much  power  he  will 
consume. 

For  any  emergency  appliance,  simplicity,  and  reliability  are 
essential,  and  these  points  must  be  taken  into  consideration  in  de- 
signing and  specifying  a  portable  sub-station.  A  few  years  ago 
a  prevalent  idea  of  a  unit  of  this  type  was  a  discarded  box-car 
with  an  old  converter,  transformer  and  switchboard  installed  there- 
in. These  home-made  stations  served  their  purpose  and  proved 
their  worth  for  emergencies.  They  were,  however,  unsafe  and 
the  wooden  structure  introduced  a  fire  risk,  which  acted  against 
the  value  of  the  car  in  an  emergency.  Operators  realizing  the 
value  of  this  unit  requested  the  manufacturers  to  supply  their 
needs.     At  first  the  home-made  designs  were  followed,  with  the 
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Fir,.    2 — OUI-LIOOR    TYPE    SWITCHING    .•\PP.\RATUS    ON    PORTABLE    SUB-STATION 

Car  owned  by  Scranton  and  Ringhamton  Railroad  Company. 

consequence  that  their  products  were  but  little  better  than  the 
make  shift  equipments  and,  as  these  designs  involved  special  work, 
the  prices  asked  were  high.  Natural  development  followed.  A 
special  study  of  the  unit  was  made  with  the  idea  of  decreasing  tiie 
cost  and  increasing  the  reliability  and  efficiency.  The  results  of 
this  investigation  established  several  points  which  are  now  funda- 
mental in  the  design  of  an  up-to-date  portable  sub-station. 

Inasmuch  as  the  car  must  be  transported  to  its  destination  on 
its  own  wheels  over  steam  railroads,  it  is  necessary  that  it  should 
meet  all  M.C.B  requirements  and  the  regulations  of  the  lines  over 
which  it  passes.  The  platform  height  must  be  standard  as  must 
the  couplings,  draw-bars,  air  brakes,  etc.  The  clearances  must 
meet  the  mininuim  demands  of  the  electric  line  on  which  it  is  to 
operate  and  the  truck  centers  must  be  short  for  negotiating  short 
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radius  curves.  The  under-framing  should  be  speciahy  designed 
with  extra  bracing  to  support  the  rotary  converter.  A^entilation 
is  an  important  point  and  should  be  adequately  provided  for  in 
order  to  prevent  sweating  of  metal  parts  and  undue  heat  in  summer. 
The  high  tension  wiring  should  be  out  of  reach,  preferably 
located  on  the  roof  of  the  car.  This  can  be  accomplished  by  using 
an  out-door  non-automatic  horn  type  switch,  horn  type  fuse,  either 
a  horn  type  or  low  equivalent  lightning  arrester  and  an  out-door 
oil  insulated  self-cooled  transformer.  An  automatic  switch  is  usu- 
ally placed  on  the  low  tension  side  of  the  transformer  while  the 
fuse  protects  the  line  against  trouble  in  the  transformer.  This 
arrangement  is  illustrated  in  Fig.  3,  and  has  proved  very  satisfac- 
tory in  operation.     The  transformer  should  be  provided  with  sec- 


FIG.     3 — SCHEMATIC     ARRANGEMENT     OF    APPARATUS     IN     TYPICAL 
PORTABLE    SUB-STATION 

ondary  half-voltage  taps  for  starting  the  converter,  and  should  be 
protected  by  a  weather-proof  cover  with  well  designed  entrance 
bushings  for  the  high  voltage  "leads. 

The  rotary  converter  should  be  started  from  the  alternating 
current  end  from  half  voltage  taps  on  the  transformer  so  as  to 
simplify  the  wiring.  It  should  be  provided  with  an  adjustable 
base  for  levelling  in  case  the  car  is  placed  on  a  grade  or  uneven 
track.  An  oscillator  and  speed  limit  device  will  also  be  of  consid- 
erable value.  If  negative  and  equalizer  switches  are  desired  they 
should  be  mounted  on  the  frame  of  the  converter,  as  should  the 
field  break  up  switch. 

Simplicity  should  be  the  key  note  in  the  design  of  the  switch- 
board and  only  those  instruments  specified  which  are  necessary, 
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namely,  a  power-factor  meter  and  a  direct-current  ammeter  and 
voltmeter.  A  single-throw  switch  and  carbon  circuit  breaker 
should  be  supplied  in  the  direct-current  circuit  and  the  handles  for 
operating  the  horn  type  and  rotary  switches  should  be  mounted  on 
the  board.  If  a  remote  control  automatic  switch  is  used  for  the 
low  tension  alternating-current  leads,  it  can  be  mounted  beneath 
the  floor  of  the  car  and  then  the  cables  will  not  need  to  be  brought 
up  to  the  switchboard.  The  running  side  of  the  alternating-cur- 
rent switch  only  should  be  made  automatic.  Fig.  3  gives  a  general 
scheme  of  the  usual  connections,  except  that  the  rotary  switch  is 
shown  as  a  double-throw  switch  on  the  board.  The  circuit  enters 
at  the  horn  type  switches  on  the  roof,  passes  through  the  fuse,  and 
choke  coils  to  the  primary  of  the  transformer.  The  secondary  leads 
drop  down  through  conduit  and  run  beneath  the  floor  to  the  con- 
verter switch  and  then  to  the  converter.  The  positive  lead  runs 
beneath  the  floor  from  the  converter  to  the  switchboard,  and  then 
up  and  out  through  the  roof  while  the  negative  and  equalizer 
leads  are  brought  out  at  the  end  of  the  car.  Thus  it  will  be  seen 
that  the  current  passes  through  a  complete  circuit  of  the  car  and 
leaves  very  close  to  the  entrance  point. 

Lightning  protection  is  afforded  either  by  the  horn  type  ar- 
rester or  the  low  equivalent  type.  In  either  case  a  choke  coil  is 
necessary  but  the  former  is  the  least  complicated.  Electric  clear- 
ances limit  the  voltage  on  the  primary  side  to  44  000  volts  and  the 
largest  station  that  can  be  conveniently  used  on  the  average  rail- 
way system  is  one  containing  a  500  kilowatt  converter. 

Consideration  of  these  points  has  developed  a  semi-outdoor 
portable  rotary  converter  sub-station  of  the  general  type  shown  in 
Figs.  I  and  2.  This  type  of  construction  realizes  the  lowest  ini- 
tial cost  and  maintenance,  and  secures  the  most  economical  and 
satisfactory  operation. 


THE  ELECTRO-PNEUMATIC  BRAKE  SYSTEM— (Cont.) 

BRAKES  FOR  ELECTRICALLY  OPERATED  TRAINS 
WALTER  V.  TURNER  and  P.  H.  DONOVAN 

FOR  electrically  operated  trains  in  which  all  vehicles  are 
equipped  with  a  compressor  or  have  a  main  reservoir  sup- 
ply line,  certain  advantageous  features  may  be  incorporated 
in  the  brake  equipment  which  would  otherwise  not  be  possible. 
Since  all  the  braking  power  for  service  can  be  obtained  from  a  70- 
pound  brake  pipe  pressure,  it  is  obvious  that  the  high  pressure 
main  reservoir  air  can  be  utilized  for  emergency  applications,  thus 
making  it  unnecessary  to  increase  the  brake  pipe  pressure.  To 
this  end,  the  equipment  here  described  was  developed,  being  per- 
fected to  a  greater  degree  than  any  equipment  heretofore  designed. 

The  service  and  emergency  brakes  are  separated ;  that  is  the 
mechanism  and  reservoirs  controlling  the  emergency  operation 
are  difiterent  from  those  controlling  the  service  operation.  About 
all  that  is  required  of  the  service  parts  in  emergency  is  to  close 
and  open  the  exhaust  ports.  Thus  two  valuable  features  not 
realized  in  any  previous  brake  equipment  are  attained ;  first,  a 
large  and  inexhaustible  supply  of  air  for  the  emergency  brake  ; 
and,  second,  a  high  pressure  brake  without  the  necessity  of  in- 
creasing either  the  brake  pipe  or  main  reservoir  pressure  beyond 
that  now  carried  by  the  ordinary  brake  equipment.  From  these 
two  features  greater  safety  is  secured,  due  to  the  increased  brak- 
ing power  and  very  economical  operation,  since  a  compressor  of 
about  one-half  the  capacity  formerly  required  may  be  used. 

Another  valuable  feature  of  this  equipment  is  that  it  is  so 
designed  that,  if  desired,  cars  can  be  equipped  with  only  the  ser- 
vice pneumatic  portion.  Then,  as  the  service;  conditions  change, 
the  quick  action  portion  can  be  added.  Then,  for  other  condi- 
tions, the  high-pressure  emergency  feature  can  be  added ;  then 
the  electro-pneumatic  service  feature  may  be  added ;  and,  for 
still  more  important  operation,  the  electric  quick  action  or  emer- 
gency features  can  be  added,  and  all  this  accomplished  without 
discarding  any  parts.  This  equipment,  then,  briefly  stated,  con- 
sists of  the  most  improved  form  of  pneumatic  service  and  emer- 
gency brake,  interlocked  with  electric  control  of  both  service  and 
emergency  operations.    The  important  features  in  detail  are : — 

Full  protection  against  complete  loss  of  the  brake,  due  to 
failure  of  any  part  of  the  system ;  maximum  and  predetermined 
flexibility  for  service  operation ;  certain  and  uniform  action ;  pre- 
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ilctcnnined  and  niaxiimim  practicable  difference  between  service 
and  emergency  braking  powers;  instantaneous  quick  action; 
complete  separation  of  service  and  emergency  features,  both  elec- 
tric and  pneumatic;  full  emergency  pressure  obtainable  at  will, 
e\'.n  after  a  full  service  application;  automatic  emergency  when 
predetermined  brake  pipe  reduction  is  made  after  equalization, 
iir  when  brake  pipe  pressure  is  reduced  below  a  predetermined 
amount  due  to  leakage  or  other  causes ;  brake  cylinder  pressure 
maintained  in  emergency ;  improved  graduated  release  features. 

The  quick  action  feature  is  different  from  previous  types  of 
brake  apparatus,  in  that  brake  pipe  air  is  vented  to  atmosphere  in 
emergency  operation  instead  of  to  the  brake  cylinder. 

The  quick  recharge  and  graduated  release  features  not  only 
add  to  the  flexibility  of  control,  but  also  insure  an  additional  fac- 
tor of  safety,  because  the  inherent  operation  of  the  apparatus  is 
such  that  the  brakes  must  be  either  set  or  the  system  recharged 
ready  for  prompt  application  when  desired. 

Protection  against  complete  loss  of  brake  is  insured,  since 
the  pneumatic  and  electric  systems  are  operatively  interlocked. 
While  the  brakes  are  being  controlled  electrically  (which  is  the 
normal  condition),  the  pneumatic  control  is  held  in  reserve,  with- 
out its  efihciency  in  any  way  being  impaired  by  electrical  opera- 
tion. Consequently,  if  the  electric  service  control  should  par- 
tially fail  from  any  cause,  all  the  brakes  would  apply  automat- 
ically and  without  the  necessity  of  the  motorman  even  becom- 
ing aware  of  the  fact.  Therefore,  the  difference  between  the 
electric  and  pneumatic  action  is  merely  with  respect  to  prompt- 
ness and  uniformity  on  the  train  as  a  whole. 

The  brake  application  is  brought  about  electrically  in  the 
same  manner  as  when  applied  pneumatically,  i.e..  by  making  a 
brake  pipe  reduction,  in  response  to  which  the  operation  of  the 
mechanism  directly  controlling  the  llow  of  air  from  the  auxiliar\ 
reservoir  to  the  brake  cylinder  takes  place  in  the  same  manner 
and  produces  the  same  results  in  either  case.  The  only  differ- 
ence is  that  in  making  the  pneumatic  service  application  the 
brake  pipe  reduction  occurs  at  one  point — the  brake  valve- 
while,  when  operating  electrically,  the  service  ajjplication  magnet 
valves  make  the  brake  pipe  reduction  at  the  proper  rate  and  sim- 
ultaneously on  each  car  in  the  train,  which  insures  a  brake  appli- 
cation  throughout   the    train    in   the   shortest   possible   time.     A 
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failure  of  one  or  more  of  the  application  magnets  to  operate  re- 
sults simply  in  the  brake  pipe  reduction  taking  place  through  the 
other  service  magnet  valves  or  through  the  brake  valve. 

Certainty  and  uniformity  of  service  action,  combined  with  pro- 
tection against  undesired  operation,  due  to  the  inevitable  fluctu- 
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ations  of  the  brake  pipe  pressure  or  small  brake  pipe  reductions, 
is  provided  for  in  the  design  of  the  valve,  which  insures  that 
I  he  ecpializing  piston  will  move  so  as  to  close  the  feed  groove  on 
l!ic  slightest  brake  pipe  reduction,  and  then  the  necessary  and 
proper  differential  must  be  built  up  to  move  the  parts  to  service 
position,  as  the  'brake  pipe  reduction  is  continued. 

The  maximum  dijfcrcnce  hetiveen  service  and  emergency 
braking  poivcrs  is  possible,  since  the  maximum  cylinder  pressure 
in  service  is  determined  by  the  equalization  of  the  auxiliary  reser- 
\  oir  and  brake  cylinder,  whereas  the  emergency  brake  cylinder  pres- 
sure is  determined  by  the  pressure  in  the  main  reservoir,  thus  giv- 
ing the  effect  of  a  high-speed  brake  with  low  brake  pipe  pressure. 

Instantaneous  quick  action  is  obtained  whether  originating  at 
the  l)rake  valve  or  at  any  point  in  the  train,  as  the  emergency  ac- 
tion is  subject  to  the  movement  of  the  emergency  switch  on  each 
car,  as  well  as  of  the  brake  valve.  The  same  protection  exists 
for  emergency  as  for  service  application,  i.e.,  if  for  an)-  reason  the 
electric  emergency  feature  of  the  equipment  becomes  inoperative, 
pneumatic  emergency  operation  occurs  automatically. 

The  complete  separation  of  the  service  and  emergency  func- 
tions permits  flexibility  for  service  applications  without  impairing 
the  emergency  features  of  the  equipment,  and  eliminates  the  pos- 
sibility of  undesired  quick  action. 

GENERAL    PNEUMATIC    AND    ELECTRICAL    FEATURES 

The  piping  diagram  of  the  equipment  is  shown  in  Fig.  8,  con- 
sisting of  the  usual  combination  of  auxiliary  reservoir,  triple  valve 
and  brake  cylinder,  with  the  addition  of  a  supplementary  reser- 
voir. Ihe  functions  of  the  auxiliary  reservoir  and  brake  cylinder 
are  similar  to  those  of  the  ordinary  quick-action  automatic  brake. 
The  supplementary  reservoir  assists  in  obtaining  graduated  release 
and  the  (juick  recharge  of  the  brake. 

Electrically,  the  equipment  comprises  application  and  release 
magnets,  with  their  attached  valves,  controlling  the  electric  service 
application  and  release  of  the  brakes,  as  shown  in  Fig.  Q.  In  ad- 
dition to  these,  there  is  the  emergency  application  inagnet,  with  its 
valve,  controlling  the  ojieration  of  the  emergency  ])arts  of  tiie  tri- 
ple valve.  The  ojieraling  valve  for  this  e(iuipment.  which  is  com- 
posed of  two  distinct  parts,  one  electric  and  the  other  pneumatic, 
is  shown  in  Fig.  10.  The  electrical  features  are  placed  above  the 
pneumatic  and  consist  of,  a  rotary  drum  having  four  contacts  at- 
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tached  to  the  same  shaft  as  the  rotary  valve,  and  corresponding 
contact  fingers  on  the  body  of  the  valve.  The  upper  finger  is  con- 
nected to  the  trolley,  the  second  to  the  release  magnet  line,  the  third 
to  the  application  magnet  line,  and  the  lower  one  to  the  emergency 
magnet  line. 

This  type  of  brake  valve  has  not  only  the  electric  control  fea- 
tures, but  the  pneumatic  features  are  developed  to  a  high  degree. 
The  pneumatic  improvements  over  the  ordinary  automatic  brake 
valve  are — the  limiting  of  the  service  brake  pipe  reduction  to  a 
predetermined  value  by  means  of  a  reduction  limiting  valve;  the 
prevention  of  overcharge  of  the  equalizing  reservoir,  obtain  by 
the  use  of  a  collapsible  equalizing  discharge  piston;  the  quick  re- 
sponse of  brake  pipe  reduction  obtained  by  the  combination  of  di- 
rect and  equalizing  piston  exhaust  ports. 

The  valve  has  six  positions,  viz.,  release,  holding,  handle  off, 
lap,  service  and  emergency.  The  position  of  the  handle  of  the  brake 
valve  is  identical  for  electric  and  pneumatic  service.  With  the 
electric  features  operative,  the  service  magnet  valves  reduce  the 
brake  pipe  pressure  on  each  individual  car  at  the  desired  rate,  but 
if  the  electric  control  is  inoperative,  the  pneumatic  control  will  oper- 
ate and  the  brake  pipe  pressure,  which  controls  the  operation  of  the 
brakes,  will  be  reduced  by  means  of  the  brake  valve.  The  brake 
pipe  reduction  is  limited  to  a  predetermined  amount,  the  same  as 
in  electric  service.  If,  for  any  reason,  any  of  the  service  application 
magnets  in  the  train  are  inoperative  (thus  causing  the  brake  pipe 
reduction  made  by  the  magnet  valves  to  be  less  rapid  than  the  re- 
duction of  the  equalizing  reservoir),  through  the  preliminary  ex- 
haust port  of  the  brake  valve  the  equalizing  piston  will  lift,  open 
the  equalizing  discharge  valve  and  bring  the  rate  of  reduction  up 
to  the  required  point.  This  feature  also  warns  the  motorman  of 
any  inoperative  service  application  magnets. 

REDUCTION   LIMITING   FEATURE 

The  reduction  limiting  valve,  as  it  is  called,  is  composed  of  a 
piston  and  slide  valve,  the  back  of  the  piston  and  the  slide  valve 
chamber  always  being  connected  to  the  equalizing  reservoir,  and 
the  face  always  connected  to  the  reduction  limiting  reservoir.  Nor- 
mally, the  limiting  reservoir  is  connected  to  the  atmosphere,  but  m 
service  position,  while  the  pressure  in  the  equalizing  reservoir  is 
being  reduced  through  the  preliminary  exhaust  port,  the  reduction 
limiting   reservoir   is   being   charged.       W'iien   these   pressures   are 
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nearly  equal,  the  piston  and  slide  valve  will  move  and  cut  off  com- 
munication between  the  preliminary  exhaust  port  and  the  atmos- 
phere, and  since  the  equalizing 
reservoir  and  direct  exhaust  ports 
pass  through  this  slide  valve 
cavity  to  the  atmosphere,  no  fur- 
ther reduction  can  occur  through 
this  source ;  consequently,  when 
the  brake  pipe  pressure  has  been 
reduced  to  the  equalizing  reser- 
voir pressure,  the  equalizing  dis- 
charge valve  will  seat,  thus  limit- 
ing the  brake  pipe  reduction.  No 
further  reduction  can  now  be 
made  unless  the  brake  valve 
handle  is  moved  to  emergency  po- 
sition. The  size  of  the  prelimin- 
ary exhaust  and  that  of  the  limit- 
ing reservoir  charging  ports  are 
such  that  the  equalizing  and  limit- 
ing reservoir  pressures  will  be 
equal  at  about  50  pounds. 


NON-OVERCHARGE     OF     EQUALIZING 
RESERVOIR 

The  improved  design  of  equal- 
izing discharge  valve  piston  (col- 
lapsible type)  prevents  the  over- 
charge of  the  equalizing  reser- 
voir. Since  the  equalizing  reser- 
voir pressure  is  on  the  top  of  the 
equalizing  piston,  and  the  brake- 
pipe  pressure  underneath,  if  the 
equalizing  reservoir  charges  fast- 
er than  the  brake  pipe  a  differen- 
tial will  be  built  up  on  the  upper 
side  of  this  piston,  which  will 
then  collapse,  allowing  pressure 
in  the  equalizing  reservoir  to 
equalize  into  the  brake  pipe 
through  grooves  in  the  piston  bush.  The  spring  in  this  piston 
will  yield  with  a  differential  of  about  two  pounds. 


FIG.    10 OPERATING   VALVE 
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DIRECT  EXHAUST  FEATURE 

In  the  service  position  there  is  a  direct  exhaust  port  leading 
from  the  brake  pipe  to  the  atmosphere.  This  insures  an  imme- 
diate reduction  of  brake  pipe  pressure,  and  hence  application  of 
the  brakes. 

In  the  release  position  of  the  brake  valve,  the  brake  pipe  chargj- 
ing  port  and  the  equalizing  reservoir  charging  port  are  open,  thus 
charging  the  brake  pipe  and  equalizing  reservoir  to  feed-valve  pres- 
sure. The  reduction  limiting  reservoir  port  and  the  brake  cylin- 
der port  are  open  to  the  atmosphere.  In  this  position  of  the  brake 
valve  there  is  no  electrical  connection  made ;  therefore,  the  release 
magnet  valve  is  held  open  and  the  emergency  and  service  magnet 
valves  are  held  closed  by  their  respective  springs. 

In  the  holding  position  all  port  connections  are  the  same  as 
in  release,  except  that  the  brake  cylinder  port  is  closed,  thus  hold- 
ing the  brakes  on. 

The  brake  pipe  charging  port  being  open,  permits  the  recharge  of  the 
brake  pipe  and  the  release  of  all  the  brakes  in  the  train  but  on  tlie  head 
car.  Thus  the  brake  on  this  leading  car  may  be  retained  or,  if  desired, 
graduated  oflf  by  moving  the  brake-valve  handle  between  release  and  hold- 
ing positions.  As  in  release,  there  are  no  electrical  connections  made  in 
this  position. 

In  the  service  position  the  preliminary  exhaust  port  is  open, 
thus  reducing  the  equalizing  reservoir  pressure  by  way  of  the  lim- 
iting slide  valve  exhaust  cavity.  The  reduction  limiting  reservoi'' 
charging  port  is  open,  thus  charging  this  reservoir  as  the  equaliz- 
ing reservoir  is  being  reduced.  The  equalizing  discharge  port  is 
open,  as  is  also  the  direct  exhaust  port.  In  this  position  of  the 
brake  valve  the  release  magnet  line  remains  connected  to  the  sup- 
ply, and.  in  addition,  the  service  magnet  line  is  connected,  and  thus 
the  release  and  service  magnets  are  energized  and  the  release  mag- 
net valve  is  held  closed  and  the  service  magnet  open. 

In  the  lap  position  all  ports  are  closed  except  the  equalizing 
discharge  valve  ports ;  the  necessity  for  this  being  open  is  evident, 
since  the  brake  pipe  exhaust  from  the  equalizing  discharge  valve 
must  remain  open  until  the  brake-pipe  pressure  has  been  drawn 
down  equal  to  the  reduction  in  the  equalizing  reservoir  pressure. 

hi  the  emcrgcncx  position  the  brake  pipe  is  connected  to  the  at- 
nios])here  through  a  large  port,  and  the  emergency  magnet  line  is 
connected  to  the  supply,  thus  energizing  the  emergency  magnet  and 
opening  the  emergency  magnet  valve  and  admitting  main  resen^oir 
air  to  the  brake  cylinder. 

{To  he  continued.) 


AESTHETICS  IN  STREET  LIGHTING 

GEORGE  W.  ROOSA 

WHEN  the  wave  of  general  improvement  of  street  lighting 
conditions  began  to  sweep  across  the  country,  civic 
leagues,  merchants'  clubs,  and  the  public  in  general  be- 
came interested  in  the  decorative  unit,  sacrificing  considerable  in 
the  way  of  financial  investment,  and  paying  little  attention  to  il- 
luminating engineering  requirements.  Instances  are  on  record  in- 
dicating the  most  radical  change  in  street  lighting  conditions.  Many 
cities  have  changed  from  the  old  arrangement  with  an  enclosed  arc 
lamp  at  each  street  corner  to  a  more  uniform  lighting  method  by 
locating  a  number  of  smaller  units  in  each  block  on  both  sides  of 
the  street,  giving  greatly  increased  illumination.  Villages  of  less 
than  three  thousand  population,  formerly  unlighted,  are  now  decor- 
ated with  ornamental  units  representing  considerable  financial  out- 
lay for  underground  service,  etc.  Apparently  little  thought  has 
been  given,  until  recently,  to  the  financial  side  of  this  question,  nor 
to  the  engineering  features.  So  it  is  correct  and  proper  that  there 
be  a  more  thorough  study  of  this  subject.  Interested  lighting  com- 
mittees are  calling  on  experts  for  advice.  They  are  beginning  to 
realize  that  improved  street  lighting  means  a  combination  of  proper 
illumination  and  ornamentation. 

Fundamentally,  artificial  illumination  is  for  protection.  Plenty 
of  light  is  a  great  aid  to  the  policing  of  our  cities.  To  many  motor- 
ists, good  illumination  is  more  important  than  good  roads,  some 
even  preferring  poor  streets  with  good  light  to  well-paved  streets 
poorly  lighted,  the  element  of  chance  being  less  and  the  danger  of 
collision  being  greatly  lessened.  The  pedestrian  almost  always 
selects  for  safety  the  brightly  illuminated  streets. 

By  considering  more  and  more  the  advantage  of  economic  and 
aesthetic  qualities,  we  have  wisely  gone  farther  than  the  mere  pro- 
viding of  protection  and  safety,  and  so  have  broadened  the  useful- 
ness of  good  illuminants.  As  an  advertisement,  as  an  incentive 
to  civic  pride  and  as  an  ornamental  improvement,  illumination  has 
received  considerable  attention.  Realizing  that  good  lighting  pays 
in  dollars  and  cents,  merchants'  associations  and  prominent  indi- 
viduals have  become  interested  and  enthusiastic.  Extensive  changes 
in  illumination  are  planned  to  '^onform  with  the  architectural  sur- 
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roundings,  the  aesthetic  features  predominating.  Thus  a  whole- 
some and  healthy  market  has  been  created  for  suitable  exterior 
units.  The  demand  has  come  into  existence  so  rapidly  that  illumi- 
nating engineers,  architects,  designers  and  electrical  experts  have 
found  it  difficult  to  cope  with  the  situation.  Although  a  variety  of 
conditions  are  to  be  met,  a  few  features  are  in  common  essential 
in  a  well-designed  installation. 

FEATURES    MOST   ESSENTIAL   IN    GOOD    STREBT   LIGHTING 

Comfortable  vision  is  a  most  important  element  to  be  consid- 
ered. The  glare  produced  by  units  of  high  intensity  placed  slight- 
ly above  the  line  of  vision  is  very  distressing  to  the  pedestrian,  and 
is  frequently  very  annoying  to  automobile  drivers.  Light  sources 
should  be  properly  placed ;  as  in  nature,  light  rays  should  fall  from 
a  high  angle  and  spread  light  on  the  area  to  be  illuminated.  We 
quote  from  the  "Primer  of  Illumination,"  published  by  the  Illumi- 
nating Engineering  Society :  "Judge  the  light  you  are  getting  by 
the  way  it  helps  you  to  see.  Do  not  think  because  a  lamp  looks 
glaring  and  brilliant  that  it  is  giving  you  good  light.  It  may  be 
merely  giving  you  too  much  light  in  the  wrong  place." 

The  cost  of  a  system  is  an  important  item  for  consideration; 
not  only  the  initial  cost,  but  the  operating  cost.  Until  recently  not 
enough  study  had  been  given  to  this  point,  with  the  result  that 
some  installations  which  were  intended  as  ornamental  improvements 
have  been  badly  neglected  on  account  of  excessive  maintenance  cost, 
and  are  becoming  eye-sores.  The  advertising  value  of  an  installa- 
tion is  of  importance.  In  fact,  most  "White  Ways,"  installed  dur- 
ing the  last  two  years,  have  been  prompted  by  the  self-evident  ad- 
vertising features  of  well-lighted  business  districts  in  other  cities. 
A  thorough  discussion  of  the  advertising  qualities  of  improved 
lighting  conditions  will  not  be  given  here,  but  it  should  be  realized 
that  the  advertisement  will  be  in  proportion  to  the  interest  dis- 
played. Lack  of  interest,  resulting  in  dirty  and  broken  globes,  un- 
repaired fixtures,  part  of  the  lights  out  and  general  dilapidated 
appearance  is  an  advertisement  speaking  loudly  in  the  wrong  di- 
rection. 

With  the  popular  demand  for  civic  improvements  increasing 
at  this  time,  and  with  the  advantages  of  artificial  illumination  be- 
coming so  widely  appreciated,  we  find  a  prominent  expression  of 
the  importance  of  aesthetic  qualities  in  the  selection  of  ornamental 
lighting  units  for  business  districts,  residential  streets,  parks,  boule- 
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vards  and  in  even  the  outlying  and  least  conspicuous  places.  Merely 
to  obtain  decoration,  in  conjunction  with  advertisement,  at  the  sac- 
rifice of  more  important  items  is  a  common  fault.  We  quote  again 
from  the  "Primer  of  Illumination :"  "Prettiness  in  a  fixture  is  well 
enough ;  but  let  the  fixture  be  serviceable  first ;  then  it  may  be  also 
as  pretty  as  you  wish.  But  don't  buy  prettiness  if  it  makes  war 
on  good  sense."  Aesthetic  qualities  have  a  value  the  estimation 
of  which  is  at  the  judgment  of  the  parties  interested.  It  is  an  in- 
teresting fact  that  decorative  value  or  "prettiness"  is  a  matter  of 
taste  seeming  often  to  be  most  variant. 

Modern  street  lighting  considered  as  a  territorial  question  may 
be  divided  into  three  classes,  which  also  show  distinct  characteristics 


FIG.      I — WHITE     WAY     LIGHTING,     FEDERAL     STKEET,     PITTSBURGH,     P.\ 

when  other  phases,  such  as  the  division  of  costs,  the  quantity  of 
light  and  the  type  of  unit,  are  studied.  These  classes  include  the 
lighting  of  business  districts,  residential  sections  and  boulevards, 
parks  and  suburban  districts.  Proper  illumination  for  each  re- 
quires protection  from  crime,  protection  for  high  speed  vehicle 
traffic,  provision  for  comfortable  vision,  low  initial  cost,  low  main- 
tenance cost,  appreciable  advertising  qualities  and  decided  increase 
in  decorative  value,  the  first  two  requirements  being  usually  con- 
sidered as  one.  It  is  interesting  to  note,  as  indicated  in  general  in 
Table  I,  the  relative  value  of  aesthetic  qualities,  an  absolute  deter- 
mination of  which  is  impossible. 
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This  table  indicates  that  aesthetic  qualities  are  always  of  less  im- 
portance than  protection  and  comfortable  vision,  but  sometimes 
more  and  sometimes  less  important  than  initial  or  operating  costs. 
The  determination  of  their  position  in  the  table  is  purely  a  consid- 
eration of  available  capital,  and  should  be  handled  with  an  aim  at 
economy,  and  in  many  cases  more  thought  should  be  given  to  an- 
nual maintenance  costs  than  to  the  initial  cost.  Instead  of  closing 
a  contract  for  a  certain  amount  for  which  is  obtained  a  certain 
number  of  units  of  attractive  and  ornamental  design,  giving  a  cer- 
tain candle-power,  the  street  lighting  committee  should  see  that 
plenty  of  light  is  supplied,  the  number  of  units  per  lineal  foot  of 
street  being  indicated ;  that  the  design  and  outline  of  the  post  not 
only  is  in  accord  with  the  surrounding  architectural  scheme,  but 
permits  a  mounting  height  that  will  give  the  very  best  illuminating 

TABLE  I— RELATIVE  VALUES   OF  ILLUMINATION  FEATURES 


Business  Streets  Residential  Streets  Suburban  Districts 

Parks   and   Boulevards 


I — Protection  i — Protection  i — Protection 

2 — Comfortable  Vision     2 — Comfortable   Vision  2 — Comfortable   Vision 

3 — Advertisement  3 — ^Minimum    Mainten-  3 — Minimum    Mainten- 

ance  Cost  ance   Cost 

4 — Aesthetic    Value  4 — Aesthetic    Value  4 — Minimum  Initial 

5 — Minimum    Mainten-     5 — Minimum   Initial  Cost 

ance   Cost  Cost  5 — Aesthetic    Value 

6 — Minimum   Initial  6 — Advertisement  j  6 — Advertisement 

Cost  1 


features,  i.e.,  lack  of  glare,  proper  direction  of  light  rays,  and  de- 
sirable color  and  intensity  of  light ;  that  the  power  consumption  per 
lineal  foot  of  street  will  be  maintained  within  reasonable  range  of 
a  predetermined  minimum  ;  that  the  initial  cost  of  the  installation 
will  be  economical ;  and,  that  once  the  equipment  is  in  operation, 
the  annual  costs  will  not  be  prohibitive,  thus  assuring  long  life  of 
all  the  good  qualities  of  the  improved  systems. 

BUSINESS   STREET    LIGHTING 

Every  wide-awake  merchant  knows  that  improved  street  light- 
ing is  a  big  advertisement  and  increases  trade.  He  knows  that  his 
competitor  gets  his  business  if  he  fails  to  be  up  to  date  in  il- 
lumination. Merchants  in  one  section,  appreciating  this,  club  to- 
gether and  the  street  lighting  improvement  is  pushed.  Such  move- 
ments are  bringing  forth  "White  Ways"  in  a  great  many  active 
cities.     Here  decorative  units  are  well  worth  while,  and  considerable 
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expense  is  warranted,  the  profit  on  the  investment  appearing  in  in- 
creased business.  Recently  a  "White  Way"  system  was  installed 
in  Pittsburgh,  the  advertising  benefits  from  which  are  already  in 
evidence.  The  installation  consists  of  the  latest  type  of  long  life 
flame  carbon  arc  lamp  mounted  on  ornamental  posts,  and  shows 
the  effects  of  careful  consideration  of  the  points  outlined  in  Table 
I.  An  idea  of  the  appearance  of  this  lighting  system  may  be  ob- 
tained from  Fig.  i.  To  meet  the  requirements  set  forth  in  Table  i 
for  business  lighting,  Fig.  2  offers  a  suggestion.    Due  to  the  use  of 

high  intensity  illuminants  a  less 
number  of  units  is  needed,  thus  as- 
suring minimum  initial  and  main- 
tenance costs.  The  post  presents 
an  attractive  appearance  and  al- 
lows a  proper  mounting  height. 
When  flame  carbon  arc  lamps  are 
mounted  lower  than  25  feet  from 
the  street,  opalescent  glassware  re- 
duces the  glare  and  adds  to  the  ap- 
pearance of  the  unit. 

RESIDENTIAL  STREET  LIGHTING 

In  residential  districts  the  street 
lighting  is  usually  paid  for  by 
city  taxes.  Hence  it  is  desirable 
to  keep  the  cost  of  the  system 
low.  The  mercantile  world  is 
absent  here  and  cannot  be  de- 
pended upon  to  back  improved 
FIG.  2 — ORNAMENTAL  POLE  USED  FOR  strcct  lighting,  uo  advcrtisiug  value 
LIGHTING  SHOWN  IN  FIG.  I  ^eiug  attained  at  such  a  dis- 
tance from  the  business  center.  Protection  and  comfortable 
vision  are  very  important.  Although  the  traffic  is  not  so  heavy 
as  in  the  downtown  districts,  the  pedestrian  is  on  the  look- 
out for  the  approaching  automobile.  Protection  from  motorists  who 
exceed  the  speed  limit  in  our  heavily  foliaged  residential  sections 
requires  proper  illumination.  The  placing  of  high  candle-power 
units  at  about  the  level  of  the  drivers'  eyes  should  be  prohibited. 
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On  this  score  the  following  is  quoted  from  "Ornamental  Street 
Lighting,"  published  by  the  National  Electric  Light  Association : 
"Take  the  matter  of  glare,  for  example.  Glare  is  the  result  of 
looking  at  a  light,  instead  of  seeing  by  it.  Better  than  any  man, 
the  motorist  knows  what  glare  is.  When  he  drives  from  a  dark 
spot  toward  an  intense  light,  he  finds  that  he  cannot  see  beyond 
the  light;  accordingly  he  sits  back  and  trusts  to  luck  that  there 
is  no  person  or  obstruction  beyond." 

The  value  of  aesthetic  qualities  for  residential  streets  is,  of 
course,  appreciated.  Nothing  should  be  used  as  a  lighting  unit 
that  will  detract  from  its  beauty.      On  the  other  hand,  the  installa- 


ble;.   3 — BOULEVARD    LIGHTING    BY    TUNGSTEN    LAMPS    ON    ORNAMENTAL    POSTS    IN 
STRIPS    OF    PARKING    IN    CENTER    OF    ROADWAY 


tion  of  costly  conduit  service  and  highly  ornamented  posts  at  the 
sacrifice  of  proper  mounting  heights  and  of  other  desirable  illumi- 
nation features  is  to  be  discouraged.  However,  the  matter  of  se- 
lecting units  for  this  class  of  lighting  is  very  difficult.  A  variety 
of  conditions  exist  satisfied  by  no  one  type.  Where  heavy  foliage 
exists,  small  units  of  low  candle-power  mounted  just  below  the 
foliage  and  at  frequent  intervals  will  readily  meet  with' approval, 
especially  if  they  do  not  detract  from  the  architectural  and  land- 
scape environment.  Fig.  3  is  an  excellent  representation  of  the 
combination  of  serviceable  and  ornamental  qualities.  The  con- 
struction is  unique  and  shows  thorough  consideration  of  the  rela- 
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tion  of   initial   costs  to   aesthetics.       It   is   adaptable   to   pathways 
in  public  parks,  boulevards  or  residential  districts.     Series  tungsten 
^•"    ^-  units    are    most    frequently    used    to    advantage. 

This  system  gives  considerable  flexibility  when 
operated  as  part  of  a  direct-current  rectifier 
circuit.  Metallic  flame  lamps  at  four  am- 
peres give  excellent  illumination  for  places 
where  little  foliage  is  found,  and  tungsten  lamps 
can  be  used  on  low  ornamental  brackets  or  posts 
such  as  shown  in  Fig.  4,  where  trees  predomi- 
nate. 

THE  LIGHTING  OF  SPARSELY   POPULATED  DISTRICTS 


This  class  of  lighting  may  well  be  subdi- 
vided, because,  for  boulevard  and  park  lighting 
it  is  often  desirable  that  considerable  stress  be 
laid  on  aesthetic  features,  while  the  problem  of 
selecting  a  unit  for  outlying  districts  of  a  city 
necessitates  careful  attention  to  costs,  inasmuch 
as  it  is  desirable  to  keep  the  initial  and  mainten- 
ance costs  per  unit  length  of  street  very  low,  be- 
cause of  the  small  amount  of  traffic  and  a  mini- 
mum number  of  pedestrians.  A  careful  study 
of  this  class  of  lighting  problem  will  show  that 
the  decorative  value  ranges  anywhere  between 
the  third  position  for  beautiful  parks  and  boulevards  to  sixth  po- 
sition for  outlying  sparsely  populated  districts. 


FIG  4 — ORNAMEN- 
TAL POST  FOR 
TUNGSTEN 
LAMPS* 


*By  courtesy  of  the  Union  Metal  Mfg.  Company,  Canton,  Ohio. 
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II— RESISTANCE  MEASUREMENTS 

RESISTANCE  measurements  are  used  in  the  calculations  of 
temperature  rises,  in  the  calculation  of  efficiency  by  losses, 
in  the  preparation  of  circle  diagrams  of  induction  motors, 
as  checks  both  on  design  and  on  workmanship,  and  in  various 
other  ways.  Hence  accuracy  of  measurement  is  of  considerable  im- 
portance. This  involves  in  turn  accurate  standards,  which  in  the 
majority  of  resistance  measurements  means  accurately  known  units 
of  resistance.  The  unit  of  resistance  in  common  use  is  the  ohm. 
It  is  defined  as  the  resistance  of  a  column  of  pure  mercury  106.3 
cm.  long,  of  uniform  cross-section  and  weighing  14.4521  grammes 
at  zero  degrees  C.  As  this  unit  is  too  unwieldy  for  practical  work, 
secondary  standards  of  special  resistance  wire,  having  a  zero  tem- 
perature co-efficient,  have  been  established.  Massive  terminals,  ar- 
ranged to  dip  into  mercury  cups,  provide  minimum  contact  resist- 
ance. Such  a  standard  can  be  made  exceedingly  accurate,  but  it 
is  also  somewhat  unwieldy  for  everyday  use,  and  boxes  containing 
lengths  of  wire  of  known  resistance  are  used  for  ordinary  testing. 
By  inserting  or  removing  metal  plugs  the  resistance  between  termi- 
nals of  such  boxes  can  be  varied  over  a  wide  range.  The  resist- 
ances are  made  non-inductive  by  doubling  the  wire,  before  it  is 
wound  on  the  spool,  so  that  the  inductive  effect  of  each  turn  is 
neutralized  by  the  adjacent  turn.  With  such  a  resistance  box  great 
care  must  be  taken  to  keep  the  plugs  and  contact  surface  clean, 
as  otherwise  errors  are  liable  to  result.  The  surface  of  the  plugs 
and  the  holes  between  the  blocks  should  frequently  be  cleaned  with 
coarse  paper  or  waste.  They  should  never  be  cleaned  with  emery 
paper,  as  this  is  liable  to  change  their  shape  and  prevent  perfect 
contact.  In  using  such  a  box  all  the  plugs  should  be  carefully 
tightened  before  each  measurement  is  taken. 

METHODS    OF    MEASURING    RESISTANCES 

There  are  two  methods  in  common  use  for  measuring  resist- 
ances, each  one  of  which  is  capable  of  many  variations.  The  fall  of 
potential  method  involves  no  standards  of  resistance  and  is  applic- 
able over  wide  ranges  of  resistance  measurements.  Its  accuracy 
is  dependent  upon  the  accuracy  of  the  instruments  used  in  deter- 
mining the  current  and  voltage  and  upon  the  accuracy  of  reading 


146  THE  ELECTRIC  JOURNAL 

the  instruments.  As  two  instruments  must  be  read  simultaneously 
the  chances  for  error  are  therefore  larger  than  in  Wheatstone 
bridge  methods.  The  ammeter  always  measures  the  current  which 
passes  through  the  voltmeter ;  for  high  resistance  measurement  with 
a  high  resistance  voltmeter  this  is  negligible,  but  for  low  resistance 
measurements,  with  a  milli-voltmeter,  this  may  introduce  an  ap- 
preciable error  unless  corrected.  A  source  of  power  is  always  nec- 
essary, and,  if  the  voltage  be  fluctuating,  accurate  measurements  are 
difficult.  More  time  is  usually  required  to  measure  resistances  by 
this  method  than  by  the  bridge  methods,  and  if  too  large  a  current 
is  used,  the  resistance  being  measured  will  change  owing  to  tem- 
perature rise.  For  these  reasons,  resistance  measurements  are 
ordinarily  made  by  comparing  the  unknown  resistance  with  some 
known  resistance.  This  is  usually  done  by  some  form  of  Wheat- 
stone  bridge. 

Fall  of  Potential  Method — This  method  of  resistance  measure- 
ment is  dependent  upon  Ohm's  law,  namely  that  the  resistance  in 
ohms  equals  the  drop  in  potential  across  the  resistance,  measured 
in  volts,  divided  by  the  current  flowing  through  the  resistance  in 
amperes.  To  make  use  of  this  method  a  current  of  suitable  value 
is  passed  through  the  resistance  to  be  measured,  with  an  ammeter 
in  the  circuit  to  determine  exactly  the  current  value.  Leads  from 
a  voltmeter  of  suitable  range  are  connected  across  the  terminals  of 
the  resistance.  Usually  several  readings  are  taken  with  different 
current  values  and  the  average  of  the  resistances,  computed  from 
each  set  of  readings,  is  taken  as  the  true  value.  Care  must  be 
exercised  that  the  voltmeter  leads  are  placed  so  that  the  resistance 
of  the  contacts  between  the  unknown  resistance  and  the  source  of 
power  is  not  included.  The  voltmeter  and  ammeter  readings 
should  be  made  simultaneously. 

If  an  ammeter  is  not  available,  the  current  can  be  determined 
by  connecting  a  known  resistance  in  series  with  the  unknown  and 
taking  the  drop  of  potential  across  both  the  known  and  unkown 
resistances.  The  resistances  are  then  in  direct  proportion  to  the 
potential  drops.  The  resistance  of  an  ammeter,  or  any  current 
measuring  instrument,  can  be  determined  simply  by  taking  the 
drop  in  potential  over  its  coils  with  a  low  reading  voltmeter  and 
simultaneously  noting  the  reading  of  the  ammeter. 

When  very  high  resistances,  such  as  the  resistance  of  the 
insulation  of  a  generator,  are  to  be  measured,  a  single  voltmeter 
of  known  resistance  can  be  employed  in  place  of  a  voltmeter  and 
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ammeter.  The  voltmeter  is  first  connected  across  the  line  and  the 
exact  line  voltage  determined.  The  same  voltmeter  is  then  con- 
nected across  the  same  source  of  potential  with  the  unknown  resist- 
ance in  series  and  a  reading  taken.  Then  V  :  v  ^=  (r  -|-  R)  :  r 
whence  R  =  r(V — v)-f-v,  where  r=  the  known  resistance  of 
the  voltmeter,  R  =  the  resistance  to  be  measured,  V  =  the  read- 
ing of  the  voltmeter  without  the  resistance  in  series,  v^=  the  read- 
ing of  the  voltmeter  with  the  unknown  resistance  in  series. 

The  voltmeter  method  of  measuring  extremely  high  resistances 
is  fairly  accurate,  but  involves  a  certain  amount  of  calculation  be- 
fore the  results  can  be  determined  and  requires  a  source  of  poten- 
tial, which  cannot  always  be  secured.  In  order  to  avoid  this,  a 
direct  reading  resistance  meter  known  as  a  "megger"  is  in  com- 
mon use.     This  instrument  contains  permanent  magnets  so  placed 


KKi.    I — SCHEMATIC    ni.\C;RAM    OF    MAGNETIC   CIRCUIT    AND    FLECTRICAL 
CONNECTIONS  OF   MEGGER* 

that  a  nearly  closed  magnetic  circuit  is  formed,  the  magnetic  cir- 
cuit being  shown  diagrammatically  in  Fig.  i.  The  moving  system 
consists  of  a  coil  A,  which  is  conected  in  series  with  the  resist- 
ance to  be  measured ;  and  a  pair  of  coils  connected  in  series  marked 
B  and  B',  which,  with  the  resistance  R.  are  connected  directly 
across  the  dynamo  terminals,  the  three  coils  being  connected  rigidly 
together.  There  are  no  springs,  the  position  of  the  pointer  being 
determined  by  a  balance  of  magnetic  reactions  between  the  coils 
A,  B.  B'  and  the  permanent  magnets.  The  scale  reading  is  directly 
in  ohms,  and  is  independent  of  the  speed  of  the  generator  and  of 
the  strength  of  the  permanent  magnets.  A  friction  device  is  pro- 
vided whereby  the  speed  of  the  generator  is  constant  above  a  cer- 
tain speed  of  the  driving  handle,  since  it  is  necessary  to  have  an 
approximately  fixed  e.m.f.  in  measuring  the  insulation  resistance  of 


*By  courtesy  of  James  G.  Biddl<\   riill:i<loli)lii.i.   P.i. 
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a  machine  whose  windings  have  considerable  capacity.  No  reading 
should  be  taken  on  such  a  machine  until  it  has  become  fully  charged, 
as  indicated  by  a  constant  reading  of  the  instrument. 

Bridge  Methods  of  Measurement — The  combination  of  conduc- 
tors and  resistances  shown  in   Fig.  2  is  known  as  a  Wheatstone 

bridge.  In  this  diagram,  A,  B 
and  R  are  known  resistances, 
&t  least  one  of  which  must  be 
adjustable,  and  preferably  all 
of  them,  while  X  represents 
the  unknown  resistance  whose 
value  is  to  be  determined. 
G  represents  a  galvanometer, 
which  need  not  necessarily  be 
calibrated,  as  measurements 
are  taken  by  the  "null  meth- 
FiG.  2 — DIAGRAM  OF  WHEATSTONE  BRIDGE  od,"  that  is  by  bringing  the 
system  to  a  condition  of  balance,  such  that  no  galvanometer  de- 
flection is  secured.  When  such  a  combination  of  resistances  has 
been  secured  by  adjusting  the  known  resistance,  then  A  :B  = 
R  :X,  and  X  =  RXB---A. 

In  order  to  facilitate  resistance  measurements,  the  known  re- 
sistances A,  B  and  R  are  frequently  combined  in  one  box  together 
with  a  galvanometer.  The  resistances  are  interconnected  in  such 
a  way  that  only  four  binding  positions  are  necessary,  two  for  the 
battery  and  two  for  the  unknown  resistance.  Such  a  combination 
of  resistances  is  frequently  known  as  a  Post  Office  box,  or  plug 
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FIG.    3 — SLIBE    WIRE   TYPE   OF    WHEATSTONE   BRIDGE 

type  Wheatstone  bridge.  The  ratio  resistances,  A  and  B,  are  fre- 
quently formed  by  two  parts  of  a  straight  wire  of  uniform  cross- 
section,  as  shown  in  Fig.  3.  the  ratio  being  varied  by  the  sliding 
contact.  The  slide  wire  is  made  of  a  non-corrodible  metal  of  a 
high  specific  resistance  and  preferably  of  zero  temperature  co- 
efficient.    After  balance  is  obtained,  the  calculations  are  as  before. 
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There  are  two  general  methods  of  combining  the  coils  in  a 
resistance  box  intended  to  be  used  with  a  Wheatstone  bridge.  The 
first,  known  as  the  i,  2,  3,  4  plan  or  the  i,  2,2,5  plan  for  coils 
representing  corresponding  values   in   ohms   and   also  multiples  of 
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FIG.  4 — DECADE  ARRANGEMENT  OF  RESISTANCE  BOX 

these  values  by  lO-ioo-i  000.  all  connected  in  series.  By  pulling 
out  suitable  plugs  any  desired  value  of  resistance  may  be  secured 
with  a  minimum  number  of  resistance  coils,  and  hence  this  method 
is  customary  where  cost  of  the  resistance  box  must  be  kept  as  low 
as  possible.  The  disadvantages  of  this  method  are  that  a  number 
of  plugs  must  be  pulled  ojt  to  obtain  any  definite  reading  and  all 
the  plugs  which  are  not  pulled  out  must  be  set  very  tightly  in  place. 
The  resistance  of  the  box  at  any  time  must  be  determined  by  adding 
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¥10.    5 — DKCADI-:    AKRANGEMENT    OF    FOUK    <(1II.S* 

The  miml)crs  at  the  contact  represent  tlie  corresixinding  points  on  the 
«Jiaj>Tam  at  the  top.  The  points  which  must  be  connected  to  secure  any 
value,  and  the  coils  connected  in  series  are : — 


Value. 


Points. 


Coils. 
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Coils. 
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*Much  of  the  information  contained  herein  concerning  Whoat>tonc  and 
Kelvin  Bridges  was  obtained  through  the  courtesy  of  Leeds  &  Northrup 
Company,  of  Philadelphia. 
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the  numbers  corresponding  to  the  plugs  pulled  out.  These  disad- 
vantages have  led  to  the  development  of  what  is  known  as  the  "de- 
cade" plan,  in  which  there  are  either  9  or  10  one-ohm  coils  for 
the  units  place,  9  or  10  ten-ohms  coils  for  the  tens  place  and  so  on, 
as  shown  in  Fig.  4.  Each  group  of  coils  of  the  same  value  is  known 
as  a  decade.     It  is  apparent  that  any  value  in  any  one  decade  can 
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FIG.    6 — USUAL    ARRANGEMENT    OF   RATIO    COILS    FOR 
WHEATSTONE   BRIDGE 

Resistances  not  wanted  are  short-circuked  by  plugs.     Coils 
above  are  plugged  for  a  ratio  of  10:100. 

be  obtained  by  inserting  only  one  plug  between  the  bar  and  the 
block,  and  where  several  decades  are  in  series,  the  resistance  of 
the  box  at  any  setting  can  be  read  off  directly  from  the  position  of 
the  plugs  without  any  addition.  Only  nine  coils  are  necessary  in 
any  decade  to  make  a  complete  succession  of  values,  but  it  is  cus- 
tomary to  use  ten  in  order  that  one  coil  in  any  decade  can  be  checked 
against  all  the  coils  in  the  next  lower  decade  in  series,  or  of  the 
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FIG.     7 — IMPROVED    ARRANGEMENT     OF    RATIO     COILS 

_  One  plug  is  set  opposite  any  resistance  desired.     The  ratio 
indicated  in  the  diagram  is  10:100. 

next  higher  decade  in  parallel.  The  disadvantage  of  the  decade 
arrangement  is  the  expense  of  having  the  large  number  of  coils. 
This  can,  however,  be  avoided  by  grouping  four  coils  in  such  a 
manner  that  inserting  the  proper  plug  in  the  decade  will  secure  the 
proper  resistance,  as  shown  in  Fig.  5.  The  decade  arrangement  of 
resistance  is  also  well  adapted  to  the  use  of  dial-switches,  which 
are  sometimes  found  more  convenient  than  the  ordinary  arrange- 
ment, and,  if  properly  made,  are  quite  accurate. 
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The  decade  arrangement  of  resistances  ordinarily  applies 
to  the  resistance  R,  Fig.  2.  The  ratio  coils  A  and  B  are 
usually  arranged  as  shown  in  Fig.  6.  This  is  the  simp- 
lest form,  but  it  is  open  to  the  objection  that  for  very 
accurate  work  the  contact  resistance  of  the  plugs  which 
remain  in,  is  included  with  the  unplugged  resistance.      It  is  also  im- 

ji possible      to     transpose 

the  arms  of  the  bridge 
A  and  B,  which  is 
sometimes  desirable.  A 
set  of  reversing  plugs 
which  is  frequently  add- 
ed to  overcome  this  dif- 
ficulty   adds    still    more 

FIC.    8 — IMAC.RAM     OF     KELVIX     BRIDGE     METHOD     OF^O^^^Ct     rCSlStanCC.       1  hlS 

MEASURING  LOW  RESISTANCES  'difficulty    caH    be    over- 

come by  the  use  of  the  type  of  ratio  arm  illustrated  diagrammatic- 
ally  in  Fig.  7.  By  this  method,  two  plugs  only  are  necessary, 
one  being  inserted  betwen  the  bar  A  and  the  desired  resistance, 
and  the  other  between  bar  B  and  the  resistance  for  the  other  arm. 
With  this  arrangement  the  ratio  arms  can  be  interchanged  at  will, 
and  there  is  no  necessity  for  more  than  two  plugs. 

The  Wheatstone  bridge  method  of  measuring  resistance  is 
satisfactory  for  values  between  i  and  loooo  ohms.  Where  lower 
values  are  to  be  measured,  a  modification,  such  as  shown  in  Fig.  8, 
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FIG.    9 — USUAL    ARRANGEMENT    OF    RESISTORS    FOR    KELVIN    BRIDGE    MEASUREMENTS 

The  rough  adjustment  of  R  is  made  with  the  plugs  atL,  the  fine  adjust- 
ment by  the  slide  wire.  The  ratio  A  :B  must  always  equal  a  :b.  In  the  dia- 
gram A:B=:a:b=:ioooo  to  i. 

is  necessary.  This  method,  devised  by  Lord  Kelvin,  is  very  satis- 
factory for  measuring  resistances  as  lowaso.ocxDi  ohm.  and  is  espe- 
cially valuable  in  that  the  resistance  of  the  contacts  is  not  included, 
and  hence  no  special  pains  are  necessary  to  secure  good  electrical 
joints,  except  to  minimize  the  heating  effect.    R  and  X  are  two  low 
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resistances  with  potential  terminals  which  are  to  be  compared  with 

each  other,  a?  is  a  low  resistance  piece  connecting  them,  and  a  and 

h  and  A  and  B  are  variable  resistances  of  known  value.    There  will 

be  no  current  passing  through  the  galvanometer  G, 

,  R  a    ,    d  B  /a       A\ 

when,-  ^  =  ^  +  ^.x  ^^g_^^  X(b-B:) 

a  A 

When  —1^-^    the  last   member  of   this   equation  becomes   zero 

and  the  equation  reduces  to  the  simple  form    ;r^  =^  i^  ^^  fr 

The  practical  application  of  this  method  is  shown  in  Fig.  9, 
which  for  convenience  is  lettered  the  same  as  Fig.  8.  In  this  figure 
X  represents  the  unknown  resistance,  R  represents  a  slide  wire  of 
known  resistance  between  points  o  and  100,  and  the  ratio  resist- 
ances a-^h  and  A-^B,  which  are  exact  duplicates,  should  be  plugged 
alike.  The  resistance  of  R  can  readily  be  determined  from  the 
scale,  and  the  value  of  the  unknown  resistance  is  then  determined 

from  the  equation  X  = =  — ^ —      It  will  be  noted  that  the 

a  A 

resistance  of  the  arm  R  is  equal  to  the  sum  of  the  resistance  of  the 

slide  wire  plus  the  resistance  plugged  in  at  L. 

For  resistances  between  5  and  10  000  ohms,  the  Wheatstone 
bridge  method  is  preferable,  while  for  resistances  above  10  000 
ohms  the  Wheatstone  bridge  method  is  not  as  accurate  as  either 
the  voltmeter  of  known  resistance  or  the  megger  method.  For  re- 
sistances between  5  ohms  and  0.000 1  ohm  the  Kelvin  bridge  method 
is  preferable,  but  for  lower  resistances  than  this,  such  as  the  series 
coils  of  large  capacity  generators,  large  capacity  ammeter  shunts 
and  secondaries  of  large  capacity  low  potential  transformers,  the 
only  satisfactory  method  is  by  drop  of  potential.  A  resistance 
table  equipped  with  both  Wheatstone  and  Kelvin  type  bridges  for 
all  varieties  of  resistance  measurements  is  shown  in  Fig.  10.  The 
batteries  and  rheostats  for  controlling  the  current  are  mounted  on 
the  lower  part  of  the  truck,  while  the  table  proper  is  spring  sup- 
ported, in  order  to  prevent  breakage  of  the  fine  wires  in  the  resist- 
ance boxes  by  sudden  shocks.  The  jeweled  instruments  are  re- 
moved from  the  table  while  it  is  being  wheeled  about. 

Resistance  Measurements  for  Determining  Rise  of  Tempera- 
ture— -This  method  consist  in  taking  the  resistance  of  the  coil  at 
the  room  temperature  and  noting  carefully  the  temperature  of  the 
winding  as  indicated  by  a  thermometer.    The  resistance  of  the  coil 
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is  again  taken  after  a  normal  run  at  full  load  or  after  any  desired 
test  has  been  made.  This  can  be  done  by  any  suitable  method,  but 
in  order  to  combine  it  with  other  tests  it  is  ordinarily  done  by  the 
drop  of  potential  method.  The  temperature  is  then  calculated  from 
Formula  5,  given  later.  In  order  to  determine  the  temperature  at 
some  specific  location  in  a  large  coil,  either  a  field  coil  or  an  arma- 
ture coil,  a  resistor  composed  of  very  fine  wire  and  of  very  small 
dimensions  is  placed  inside  the  slot  at  the  point  where  the  tem- 
]:)erature  is  desired  and  fine  leads  are  brought  to  the  outside  of  the 
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FIG.    10 — RESISTANCE   TESTING   TABLE 

This  table  contains  apparatus  for  resistance  measurements 
from  o.oooi  to  10000  ohms,  including?  two  Kelvin  bridges  and 
Whcatstone  bridge.  Preliminary  adjustments  are  made  with  the 
rugged  galvanometer,  and  the  final  adjustments  with  a  galvano- 
meter of  great  sensitiveness.  Current  is  conveyed  to  the  appa- 
ratus to  he  measured  through  the  heavy  clamps  shown  at  the 
lower  right  hand  corner,  being  limited  by  the  rheostat  for  low 
resistance  measurements.  Switch  A  switches  the  current  from  one 
Kelvin  bridge  to  the  other.  Switch /?  switches  the  galvanometer 
circuit  from  the  Kelvin  bridge  to  the  Wheatstone.  Switch  C 
is  the  line  switch,  opening  the  battery  circuit.  D  serves  to  change 
♦he  batteries  fmni  parallel  to  series  connection.  F  changes  from 
the  rugged  to  the  sensitive  galvanometer  and  G  reverses  the  di- 
rection of  the  ratio  coils  so  as  to  multiply  or  divide  by  the 
ratio  set. 

machine.  Tlie  temperature  is  calculated  by  the  change  in  resist- 
ance in  this  small  test  coil.  In  place  of  the  small  resistance  coil,  a 
small  thermo-couple  is  also  used  for  the  same  purpose.  The 
thermo-couple     is     more    commonly     used  for    this    purpose    and 
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is  connected  to  an  indicating  pyrometer,  which  consists  of  a 
differentially  wound  niilli-voltmeter  so  arranged  as  to  allow  the  use 
of  a  battery  for  actuating  the  coils,  but  with  the  position  of  the 
needle  determined  by  the  e.m.f.  generated  in  the  couple.  For  still 
more  accurate  results  the  e.m.f.  of  th  thermo-couple  is  balanced 
by  a  potentiometer.  In  measuring  resistances  to  determine  rises 
of  temperature,  care  must  be  exercised  that  contacts  are  made  at 
the  same  points  for  both  the  cold  and  hot  measurements,  and  that 

TABLE  I— COEFFICIENTS  FOR  CHANGING  THE  RESISTANCE 

OF  COPPER 

At  any  observed  temperature  to  the  equivalent  resistance  at  25   degrees 
C.     Coefficient  of  0.0042  at  o  degrees  C.  taken  as  base. 


Observed              Observed 

Observed 

Observed 

Observed 

Temp. 

Coeff. 

Temp. 

Coeff.     • 

Temp. 

Coeff.     ■ 

Temp. 

Coeff.    Temp. 

Coeff. 

10 

1.0604 

16 

1.0355 

22 

1.0116 

28 

.9889 

34 

.9670 

Va 

1.0594 

Va 

1.0344 

Va 

1.0106 

.9880 

Va 

.9661 

V2 

1.0583 

'A 

1.0334 

V2 

1.0096 

.9871 

Vi 

.9652 

Vx 

1.0573 

Va 

10324 

Va 

1.0085 

Va 

.9860 

Va 

.9643 

11 

1.0562 

17 

1.0314 

23 

1.0076 

29 

.9850 

35 

.9634 

Vx 

1.0552 

Va 

1.0304 

Va 

1.0066 

Va 

.9841 

K 

.9625 

H 

1.0541 

H 

1.0294 

V2 

1.0057 

V2 

.9831 

Vi 

.9616 

% 

1.0531 

Va 

1.0283 

Va 

1.0048 

Va 

.9822 

Va 

.9607 

12 

1.0520 

18 

1.0273 

24 

1.0038 

30 

.9813 

36 

.9599 

H 

1.0509 

Va 

1.0263 

Va 

1.0029 

K 

.9804 

Va 

.9590 

h 

1 .0499 

H 

1.0253 

V2 

1.0019 

V2 

.9795 

Vi 

.9581 

M 

1.0488 

?4 

1.0243 

Va 

1.0010 

Va 

.9786 

Va 

.9572 

13 

1.0477 

19 

1.0233 

25 

1.0000 

31 

.9777 

37 

.9564 

K 

1.0467 

Va 

1.0223 

Va 

.9991 

Va 

.9768 

Va 

.9555 

Vz 

i.0457 

V2 

1.0213 

Vi 

.9980 

Vi 

.9759 

Vi 

.9546 

H 

1.0446 

Ia 

1.0204 

Va 

.9971 

Va 

.9750 

Va 

.9538 

14 

1.0436 

20 

1.0194 

26 

.9962 

32 

.9741 

38 

.9529 

Va 

1.0426 

Va 

1.0184 

Va 

.9952 

Va 

.9732 

Va 

.9521 

Vz 

1  0415 

Vi 

1.0174 

Vi 

9943 

V2 

.9723 

K 

.9512 

M 

1.0405 

H 

1.0165 

% 

.9934 

Va 

.9714 

2/4 

.9503 

15 

1  0395 

21 

1.0155 

27 

,9925 

il 

.9705 

39 

.9495 

Va 

1.0385 

Va 

1.0145 

Va 

.9916 

Va 

.9696 

M 

.9486 

V2 

1.0375 

V2 

1.0135 

V2 

.9907 

V2 

.9687 

'A 

.9478 

Va 

1  0365 

Va 

1  0126 

Va 

.9898 

Va 

.9679 

Va 

.9469 

no  temporary  contacts  are  included  in  the  measurements,  as  the  con- 
tact at  such  places  is  occasionally  improved  to  such  an  extent  by 
the  expansion  of  the  metal  as  to  give  a  lower  resistance  when  hot 
than  cold.  It  is  customary  to  mark  the  points  between  which  resist- 
ances are  taken  with  a  punch  mark  or  in  some  other  suitable  way. 
All  resistances  should  be  recorded  exactly  as  measured,  but  the 
one  computing  the  results  should  reduce  the  readings  to  resistances 
at  a  standard  room  temperature  of  25  degrees  C,  before  tabulating. 
This  value  may  be  determined  from  the  following  formula : 
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R— 25^  C.  =  '1^8+ t^  XR  at  t°  C,  where  t  equals  the  actual 

temperature  of  the  air.  In  the  case  of  the  cold  resistance  this 
nuist  be  the  same  as  the  temperature  of  the  windings,  but  for  hot 
resistance  it  is  the  average  of  the  air  temperature  during  the  last 

O  "jSn— J—  "P  c 

quarter  of  the  run.     The  \alue  of    ^^o,    .      for  all  temperatures 

from  10  to  40  degrees  C.  is  given  in  Table  I.  The  rise  in  tem- 
perature in  degrees  C.  may  readily  be  determined  from  the  change 
in  resistance,  provided  the  rate  of  change  with  temperature  is 
known.  It  has  been  established  that  the  resistance  of  a  copper 
conductor  increases  0.42  percent  for  each  degree  C.  increase  in 
temperature,  the  resistance  at  zero  being  assumed  as  100  percent. 
In  the  following  fomiulae  let, — 

Ro  =  The  resistance  of  a  certain  winding  at  o  degrees,  C. 
Rt  =  The   cold   resistance   of   the  same  winding  at   t  degrees,    C. 
Rt,  ^  The  hot  resistance  of  the  same  winding  at  ti  degrees   C. 

t  238 

Rt  =  Ro  (1+0.0042  t)  =  Ro  (I  + )  or  Ro  =  Rt (i) 

238  238 +  t 

t.  238 

Rt,  =  Ro   (i +0.0042  t,)  =  Ro      (1+ ■),  or  Ro  =  Rt, (2) 

238  238 +  t, 

Combining   (i)    and    (2)    gives   the   fundamental    formula   for 

changing  a  resistance  at  one  temperature  to  that  at  any  other, 

Rt  _  238  +  t       c  1  •  f      .  /  ^ 

Rt.  -  238 +  t,  •    ^°''''"^  ""'''  ^'"'  ^■'~  ^^^ 

^_  ^  Rt,    (238  +  0   -  238  Rt    ^      Rt.     (,38,0-238  (4) 

This  is  the  actual  temperature  in  degrees  C,  or  the  rise  above 

zero  degrees.      If  the  rise  above  t  degrees  is  desired,  t  should  be 

subtracted  from  both  sides  of  the  above  equation  and  the  formula 

will  become, 

t— t-Rt    f238+t)  —  238  Rt  Rt,  — Rt       ,,8...  (.s 

_   t,  —  t_Kt,  j^^  — 1_  j^^  (238 +  t)  (:>) 

Formula  5  is  the  standard  formula  for  determining  the  rise  by 
resistance.  The  temperature  rise  here  determined  may  be  due  to 
two  conditions;  primarily  to  current  flowing  in  the  winding,  and 
secondarily  to  change  in  temperature  of  the  surrounding  air.  To 
eliminate  this  secondary  change  both  cold  and  hot  resistances  must 
1)0  reduced,  by  the  use  of  formula  3.  to  a  common  room  temperature 
before  being  used  in  formula  5.  If  the  rise  above  2^  degrees  C 
is  desired,  which  is  in  accordance  with  the  standardization  rules  of 
the  .A.T.E.E..  that  must  be  the  common  temperature. 


EFFICIENCY  OF  SYNCHRONOUS  BOOSTER 
ROTARY  CONVERTERS 

J.  L.  McK.  YARDLEY 

AS  not  all  of  the  factors  involved  in  determining  the  efficiency 
of  the  synchronous  booster  rotary  converter  are  generally 
understood,  a  brief  explanation  of  this  subject  may  prove 
of  interest.  The  losses  which  are  usually  taken  into  consideration 
in  determining  the  efficiency  by  the  separate  loss  method  are  as 
follows : 

I — Bearing  friction  and  total  windage. 
2 — Brusfi  friction. 
3 — Rotary  converter  iron  loss. 
4 — Rotary  converter  shunt  field  I'R  loss. 
5 — Rotary  converter  armature  I'R  loss. 

6 — Rotary  converter  commutating  pole  series  field  I'R  loss. 
7 — Rotary  converter  commutating  pole  auxiliary  field  I'R  loss. 
8 — Booster  field  I'R  loss. 
9 — Booster  armature  I'R  loss. 
ID — Booster  iron  loss. 

After  the  machine  has  been  operated  until  mechanical  condi- 
tions have  l^ecome  uniform,  the  losses  /  and  2  may  be  considered  to 
remain  constant  for  all  loads,  assuming  of  course  a  constant  fre- 
quency. These  losses  are  obtained  by  reading  the  input  to  a  sepa- 
rate driving  motor.  Losses  j  and  lo  are  taken  from  the  iron  loss 
curves  obtained  by  driving  the  booster  converter  at  synchronous 
speed  by  a  separate  driving  motor.  Loss  4.  is  obtained  by  observing 
the  field  current  under  the  particular  load  conditions  at  which  the 
efiticiency  is  being  calculated  and  multiplying  the  ampere  value  so 
read  by  the  exciting  voltage.  Loss  6  is  obtained  by  multiplying  the 
square  of  the  field  current  by  the  field  resistance  at  60  degrees  C. 
Losses  7  and  8  are  figured  together  (since  these  two  fields  are  con- 
nected in  series)  by  multiplying  the  field  current  by  the  exciting  vol- 
tage. The  exciting  voltage  for  /i,  J  and  8  is  usually  the  direct-cur- 
rent terminal  voltage  of  the  rotary  converter.  Losses  5  and  9  vary 
considerably  for  a  constant  direct-current  output,  depending  upon 
the  actual  amount  of  boost.  When  the  boost  is  positive,  the  booster 
is  raising  the  direct-current  voltage.  It  is  then  acting  as  a  genera- 
tor, being  driven  mechanically  by  the  converter  acting  as  a  syn- 
chronous motor.  When  the  boost  is  negative  the  booster  is  lowering 
the  direct-current  voltage ;  it  is  then  acting  as  a  motor,  delivering 
power  mechanically  to  the  converter  which,  under  this  condition, 
delivers  some  of  its  direct-current  output  as  a  direct-current  genera- 
tor.    In  the  one  case,  the  additional  current   (flowing  in  the  main 
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rotary  converter  armature  winding)  is  an  alternating  current;  in 
the  other,  a  direct  current.  In  either  case  it  is  proportional  to  the 
percent  boost,  and  in  figuring  the  additional  armature  losses  it  may 
be  considered  in  each  case  to  be  a  direct  current,  as  the  calculation 
is  thereby  made  simpler.  The  losses  5  and  p  may  then  be  obtained 
by  substituting  values  in  the  following  equations : — 

Under  all  conditions, —  Loss  9—  r(i  +  X)I:  J     = — 

When  there  is  no  boost, —  Loss  5  =  E  I\R, 
When  the  boost  is  positive,  Loss  5  =  E  I'l  R ,  +  R,  [  [  ( i  +  X  )  I,  ]  -—l\  } 
When  the  boost  is  negative, — 

Loss  5-=ER,  [(i  +  X)L]HR,   {  F,- [  (i  +  X)L]  ""  } 
In  which, — 

E  =:  ratio  of  rotary  converter  armature  loss  as  a  converter  to  same 

as  a  direct-current  generator. 
/,  =  direct  current  flowing  from  rotary  converter  terminal*. 
i?,=  rotary  converter  armature  resistance  at  60  degrees  C. 
/:=:  alternating  current  per  collector  ring  at  normal  voltage*. 
/':=  pairs  of  poles  on  rotary  converter  or  booster. 
iV=  number  of  phases  or  collector  rings. 
/?;=  resistance  at  60  degrees  C.  of  one  booster  armature  winding  between 

collector  ring  and  converter  armature  tap. 
X=r.  percent  boost  (The  sign  of  X  may  be  plus  or  minus). 
A  large  synchronous  booster  rotary  converter,  recently  designed 

by  the  writer,  may  be  taken  as  an  example  to  show  actual  values 

that  may  be  obtained.     The  losses  were  as  follows : — 


Losses  at  100  percent 
Power-Factor 

Loss  in  Watts, 

with 

Normal 
Voltage 

21  400 
6  170 
13900 
16  600 
37600 

Minimum 
Range 

21  400 

6  170 

8800 

II  100 

63800 

Maximum 
Range 

21  400 
6  170 
20  UX) 
25800 
81  000 

Loss     I 

**          2 

3 
4 

5 

"       6 

21  400 

21  400 

21  400 

7 
8 

0  r 

9900 

13300 

9 
"      10 

J  5  850 
0 

II  500 
4600 

20800 
4600 

Total  losses 

Output 

132  Q20 

3  ;ooooo 

160670 

214570 

2  Q75  000 

4020000 
4  234  570 

Input 

3  632  Q20 

3  135  670 

Total  Efficiency.  Percent 

06.3 

950 

05.0 

*If  B  =  percent  efficiency,  of  wliich  a  first  approximation  must  lie  made, 
and  C  =  ratio  of  alternating-current   to  direct-current  voltage  .it  normal 
voltage  operation,  then 

/,  =  — --  for  six-phase  converters ;  =      '    for  two-phase  converters, 
3BC  2BC 

and  =  — '    ^    for  three-phase  converters. 
1.73BC 


SWITCHBOARDS  FOR  ALTERNATING-CURRENT 
POWER    STATIONS-II 

C.  H.  SANDERSON 

SELF-CONTAINED  SWITCHBOARDS  OF  6  600  VOLTS  OR  LESS  WITH  OIL  CIRCUIT 
BREAKERS  AND  BUS-BARS   SUPPORTED  FROM  THE  BACK  OF  THE  PANELS 

THE  most  common  generating  voltages  used  for  alternating- 
current  power  stations  of  moderate  capacity  for  the  usual 
classes  of  electric  service  are  2  200  and  6  600  volts.  The 
term,  moderate  capacity,  w^hen  applied  either  to  a  generating  station 
or  to  a  single  generating  unit,  conveys  a  very  different  meaning 
now  than  it  did  a  few  years  ago.  Our  moderate  capacities  of  to- 
day were  then  maximum  capacities,  but  the  switchboard  problems 
were  even  more  serious  ones  than  those  which  confront  the  engi- 
neer today.  They  were  then  venturing  into  new  and  untried  fields 
while  now  the  results  of  their  pioneering  are  being  perfected.  Twenty 
years  ago  the  self-contained  switchboard  had  the  entire  field  to 
itself,  as  there  was  then  no  necessity  for  any  other  class.     With 
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FIG.    I — SINGLE    BUS-BAR    SYSTEM 

Generators  and  feeders  at  opposite  ends  of  bus- 
liars  permitting  use  of  totalizing  instrument  trans- 
formers. 

the  advent  of  2  200  and  6  600  volt  generators  and  transformers 
came  many  different  types  of  high  voltage  air  break  switches,  cir- 
cuit breakers  and  plug  receptacles,  most  of  which  were  expensive, 
untrustworthy  and  even  dangerous  when  compared  with  the  oil 
insulated  devices  which  have  replaced  them. 

APPLICATION 

Experience  has  shown  that  for  the  usual  conditions  of  service 
this  class  of  switchboard  should  not  be  applied  to  stations  whose 
capacity  exceeds  *2  500  k.v.a.,  three-phase,  in  high-speed  turbo-gen- 
erators, or  *5  000  k.v.a.,  three-phase,  in  slow-speed  engine  type 
units.     Moreover,  it  is  not  considered  good  practice  to  exceed  6  600 


*/0  percent  of  this   for  single  phase;    140  percent   for  two-phase. 
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volts,  and  it  is  usually  advisable  to  confine  its  application  to  2  500 
volts  or  less.  The  reason  for  this  limitation  lies  in  the  danger  to 
attendants  from  high  voltage  apparatus  when  in  close  proximity 
to  low  voltage  control  and  instrument  wiring,  rheostats,  etc.,  which 
require  inspection  and  occasional  repairs.  Also  in  the  necessity, 
with  the  higher  voltages,  of  longer  and  higher  switchboards  to  gain 
sufficient  spacing  distances.  It  is  recommended  that  the  size  of 
individual  circuit-breakers  and  switches  for  this  type  of  switchboard 
be  limited  to  600  amperes  or  less  per  pole  on  account  of- — 

a — The  advisability  of  limiting  the  amount  of  power  handled  by 
one    circuit-breaker  mounted    directly   on   the   panel. 

b — Difficulty  of  obtaining  adequate  insulation  distances  between  the 
heavy  bus-bars  and  connections  required  for  larger  capacities. 

c — The  mechanical  strains  imposed  upon  the  panels  by  the  larger 
capacity  circuit-breakers  with  their  heavy  connections,  due 
both  to  their  dead  weight  and  to  the  shock  of  operation. 
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FIG.    2 — SINGLE    SFXTIONALIZED    BUS-BAR    SYSTEM 

Station  may  be  operated  in  halves  or  as  a  unit  as  the 
Iliad  requires. 

Tiiere  may  be  conditions  in  certain  installations  where  it  is  ad- 
visable to  exceed  these  limits.  No  hard  and  fast  rule  can  be  made, 
as  few  installations  are  governed  by  the  same  conditions.  The  fol- 
lowing suggestions,  although  applying  to  all  boards  of  this  class, 
should  particularly  be  followed  when  the  ultimate  capacity  con- 
nected to  the  bus-bars  will  be  greater  than  the  recommended  limit : 

The  first  consideration  is  the  circuit-breaker.  The  type  chosen  should 
be  of  rugged  design  which  will  carry  the  rated  current  with  not  more  than 
30  degrees  rise  in  temperature  and  which  will  not  permit  the  escape  of  oil, 
either  through  leaking,  creeping  or  expulsive  effect  of  short-circuits.  It  should 
have  a  k.v.a  rating,  for  instantaneous  tripping,  at  least  25  percent  in  ex- 
cess of  the  generating  machinery  to  which  it  connects  or,  if  relays  with  a 
lefinitc  time  limit  setting  of  two  seconds  or  more  are  used,  it  should  have  50 
norcent  excess  capacity. 

If  rubber  covered  wire  is  used  for  bus-bars  or  connections,  it  should  be 
jo.ered  with  a  flame  proof  braid.     The  panels  should  be  of  sufficient  width 
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that  there  will  be  ample  space  between  adjacent  circuit^breakers  in  which  to 
take  away  their  leads.  Instrument  transformers  should  be  rigidly  secured 
to  strong  brackets  to  prevent  vibrations  due  to  heavy  overloads  or  short- 
circuits. 

The  bus-bars  should  be  as  far  apart  as  the  design  will  conveniently 
permit  and  should  be  located  near  the  top  of  the  board.  This  arrangement 
places  them  out  of  reach  of  the  attendants,  at  the  same  time  giving  acces- 
sibility to  the  back  of  the  board,  and  also  removes  them  from  the  immedi- 
ate vicinity  of   the   circuit-breakers. 

Special  precautions  should  be  taken  to  insure  that  nothing  can  fall 
across  the  bus-bars  or  connections.  Bus-bar  screens  or  suitable  insulation 
or  both  should  be  used.  Insulation  without  screens  is  perhaps  sufficient 
for  bus-bars  of  small  cross-section,  but  heavy  capacity  bus-bars  require 
ventilation  and   for  them  this  arrangement  should  be  reversed. 

Moving  parts  such  as  rheostat  chains,  mechanical  connecting  rods,  etc., 
should  be  so  arranged  that  their  failure   will  not  entangle  other  apparatus 
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FIG.    3 — DOUBLE  BUS-BAR    SYSTEM 

Generators  and  feeders  at  opposite  ends  of  bus-bars  permit- 
ting use  of  totalizing  instrument  transformers. 

or  cause  short-circuits.     They  should  be  run  in  pipes  or  protected  by  shields 
where  necessary. 

CHOICE   OF   SYSTEM    ' 


The  principal  factors  influencing  the  choice  of  the  system  are — 
the  nature  of  the  service  to  be  supplied,  the  size  and  number  of  the 
units  to  be  employed  and  the  expense  justifiable  to  give  continuity 
of  service.  Other  factors,  such  as  a  diversity  of  apparatus  to  be 
controlled,  or  the  sequence  of  purchase,  may  have  considerable  in- 
fluence in  the  choice  and  also  in  the  growth  of  the  system.  Sim- 
plicity should  be  the  principal  aim.  The  simplest  system  which 
will  do  the  work  satisfactorily  naturally  represents  the  best  en- 
gineering. 

First  and  most  usual  is  the  single-throw  system,  Fig.  i.  It 
is  the  least  expensive  as  regards  first  cost,  installation  and  main- 
tenance, and  lends  itself  readily  to  later  additions  or  modifications. 
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It  is  used  in  all  cases  except  where  special  requirements  of  the  ser- 
vice or  added  precautions  against  failure  of  supply  require  modifica- 
tions, such  as  in  Fig.  2,  or  the  adoption  of  the  double-throw  system, 
Fig.  3.  The  single-throw  bus  with  tie  circuit-breaker,  Fig.  2,  per- 
mits operation  of  a  station  in  separate  halves,  which  is  particularly 
desirable  where,  for  example,  the  left  half  of  the  bus  may  feed  a 
railway,  or  other  power  load,  while  the  right  half  feeds  a  lighting 
load.     During  the  day  while  the  power  load  is  large  and  the  light- 


Fjn.   4— ^M.M.I.IST    rVi'K   OF   SELF-roNT.MNKn   SWITCH HO.XRl) 

Controlling  two  alternating-current  generators  with  their 
f.xciters  and  two  fused  feeder  circuits  with  totalizing 
wattliour  meters. 

ing  load  is  very  small,  the  tie  breaker  is  closed.  When  the  lighting 
load  comes  on,  the  tie  is  opened;  and,  if  later  in  the  evening  the 
power  load  disappears  altogether,  or  its  fluctuations  are  unobjec- 
tionable, the  tie  breaker  may  again  be  closed.  The  same  procedure 
is  possible  where  the  double  bus.  Fig.  3.  is  employed.  This  system, 
though  more  complicated,  more  expensive,  and  requiring  more 
space,  gives  great  flexibility  in  the  handling  of  load.     Mnrmvcr. 
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the  double  bus  ordinarily  gives  adequate  assurance  of  continuity 
of  service,  and  permits  of  examination  and  repairs  of  any  circuit 
breaker  or  connections  thereto,  or  to  either  bus,  without  discontinu- 
ing any  part  of  the  service. 


CHOICE   OF    APPARATUS 


Standard    panels   containing   standard   apparatus    for   various 
classes  of  service  are  listed  by  the  larger  electrical  manufacturing 


FIG.    5 — MEDIUM    SIZE    SELF-CONTAINED    SWITCHBOARD    FOR 
FURNISHING    LIGHT   AND    POWER    FOR    SMALL   TOWN 

Controls  two  alternating-current  generators,  with  Tir- 
rill  regulator  voltage  control,  two  exciters,  two  power 
feeders,  rectifier  circuits  for  arc  lights  and  alternating- 
current  end  of  synchronous  motor  generator  set  for  sup- 
plying direct-current. 

companies.     Three   distinct  types   are   commonly  provided   for   as 
follov^s : 

1 — The  small  plant  where  the  most  inexpensive  board  is  desired,  with 
only  sufficient  apparatus  to  fill  the  absolute  requirements  for 
operation  of  the  plant,  as  in  Fig.  4. 

2 — For  plants  of  medium  capacity  larger  switchboards  are  advisable, 
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wherein   the   circuits   are   more   carefully   protected  but  provided 
with  few  meters,  as  in  Figs.  5,  7,  8.  and  9. 
3_For   the   larger  plants   where  the   best   of   circuit-breakers   are   re- 
quired,  and   where   a   full   complement   of   instruments    is   neces- 
sary, as  in  Fig.  10. 


FIG.   7 FRONT  AND  REAR  VIEW  DRAWINGS  OF  SWITCHBOARD,   SHOWN   IN   FIG.    5 

Showing  the  details  of  arrangement  and  location  of  apparatus. 

The  choice  of  apparatus,  and  therefore  the  design  of  the 
switchboard,  depends  on  the  size  and  disposition  of  the  output. 
The  grade  of  intelligence  of  the  attendants  may  also  have  consid- 
erable influence.  The  magnitude  of  the  output  determines  to  a 
very  considerable  extent  the  type  of  switching  devices  to  be  used. 
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The  smaller  capacity  circuit  breakers  for  2  200,  3  300  and  4  400 
volt  service  usually  have  an  ultimate  breaking  capacity*  of  approxi- 
mately 2  500  k.v.a.  The  type  of  circuit  breaker  chosen  must  be 
capable  of  opening  the  maximum  output  of  the  station.  For  exam- 
ple, if  the  generating  units  consist  of  three  800  k.v.a.  machines, 
the  circuit  breakers  must  have  an  ultimate  breaking  capacity  of  at 
least  2  400  k.v.a.,  when  set  for  instantaneous  tripping. 


FIG.    9 — REAR   OF   A    MEDIUM    SIZED   BOARD 

Showing  main  and  small  wiring  and  bus-bars  in  place.  Ab- 
sence of  instrument  transformers  and  other  details  gives  simple 
and  pleasing  appearance. 

The   selection   of   non-automatic  oil   circuit   breakers   and   oil 
switches  is  not  influenced  in  this  way  by  the  capacity  of  the  station, 


*By  ultimate  breaking  capacity  is  now  commonly  meant  the  maximum 
k.v.a  capacity  which  a  circuit-breaker  will  successfully  open  on  short-cir- 
cuit. By  maximum  k.v.a  capacity  is  here  meant  the  maximum  normal  ra- 
ting, and  not  the  instantaneous  capacity  on  short-circuit  which  may  be 
many  times  greater.  The  true  ultimate  breaking  capacity  of  a  breaker 
is  best  expressed  by  a  statement  giving  the  actual  number  of  volt-amperes 
which  it  will  successfully  open,  as  this  statement  is  independent  of  react- 
ance in  circuit,  speed  of  generator,  method  of  relaying  breaker  and  other 
modifying   conditions. 
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except  as  they  will  be  called  upon  under  extreme  conditions  to  open 
the  circuit.  They  should  never  be  required  to  open  the  circuit  on 
an  overload  or  even  on  a  normal  load,  except  where  absolutely  nec- 
essary to  save  some  more  valuable  piece  of  apparatus.  Their  prin- 
cipal function  is  that  of  main  disconnecting  switch.  They  permit 
quicker  and  safer  closing  or  opening  of  the  circuits,  than  could 
be  accomplished  by  the  usual  lever  type  disconnecting  switches. 
They  are  therefore  commonly  used  between  generators  and  bus- 
bars, where  automatic  action  is  undesirable,  but  where  quick  manu- 
al operation  is  necessary,  as  during  synchronizing.     If  it  is  desired 
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FFG.     10 — LARGE    CAPACITY    SWITCHBOARD     (FEEDERS    NOT    SHOWN),    HAV- 
ING  A    FULL   COMPLEMKNT  OF    INSTRUMENTS 

The  panels  shown  control  two  exciters,  a  synchronous  motor 
for  one  of  the  exciters,  Tirrill  regulator,  two  300  ampere  and  one 
600  ampere  alternating  current,  three-phase  generators.  Each  gen- 
erator panel  has  three  ammeters,  power-factor  meter,  alternating- 
current  voltmeter,   indicating  wattmeter  and   field  ammeter. 

that  the  non-automatic  breakers  be  suitable  for  clearing  any  ab- 
normal condition  which  is  not  taken  care  of  by  the  automatic  break- 
ers, it  is  usually  safe  to  assume  tiiat,  when  opened  i\v  hand,  their 
ultimate  breaking  capacity  is  approximately  double  that  for  the 
same  switch  or  circuit  breaker  equipped  for  instantaneous  automatic 
action.  This  may,  under  certain  conditions,  such  as  gas-engine 
driven  units  or  slow-speed  types,  be  increased  to  as  nnuh  .t;  tour 
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times  normal  breaking  capacity.  If,  however,  the  conditions  are 
such  that  the  maximum  current  on  short-circuit  may  be  sustained 
longer  than  the  time  required  to  manually  operate  the  breaker,  the 
ultimate  breaking  capacity  should  be  the  same  for  non-automatic 
as  for  instantaneous  operation.  The  principal  limiting  factor  is 
the  amount  of  current  which  will  flow  on  short-circuit.  The  maxi- 
mum condition  is  probably  reached  when  the  generating  units  are 
turbo-generators,  which  are  capable  of  delivering  many  times  nor- 
mal current  on  short-circuit. 
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FIG.    12 — PIPE   FRAME  FOR  SWITCH- 
BOARD   90    INCHES    HIGH 

Made  from  iJ4  in.  wrought 
iron  pipe  with  one  wrought 
iron  top  strap  J^xl  3/8  in.  and 
with  cast-iron  foot  nuts  and 
panel  supports. 


FIG.  II — ANGLE  FRAME  FOR 
SWITCHBOARD  90  INCHES 
HIGH 

Made  from  standard 
3x2xJ4  in.  angle-iron  with 
corner  angles  of  the  same 
shape,  with  two  wrought 
iron  straps  ^xi  3/8  in.  and 
with  6  in.  channel  base 
weighing  8  (pounds  per 
foot. 

The  better  class  of  automatic  circuit  breakers  designed  for 
switchboard  mounting  should  be  capable,  on  instantaneous  opera- 
tion, of  opening  5  OCX)  to  12500  k.v.a.  The  high  capacity  circuit 
breakers  usually  have  a  separate  tank  for  each  pole,  with  the  trip 
coils,  which  are  actuated  from  series  transformers,  mounted  out- 
side the  tanks.  The  cheaper  class  of  circuit  breakers  usually  have 
series  trip  coils,  that  is,  coils  through  which  the  entire  current  of  the 
circuit  must  pass,  and  a  single  tank  containing  all  the  poles  and 
sometimes  the  trip  coils.     It  should  be  remembered  that  the  ulti- 
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mate  breaking  capacity  of  a  circuit  breaker  is  usually  doubled  by 
providing  it  with  a  definite  time  limit  of  two  seconds  or  more. 
The  oscillograph  shows  that  the  abnormal  conditions  caused  by  a 
short  circuit  are  usually  maintained  for  not  more  than  one  and 
one-half  seconds,  the  current  usually  dropping  in  this  length  of 
time  to  approximately  twice  normal. 
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FIG.    13 — USUAL   ARRANGEMENT   OF   PANELS   AND   BUS-BAR   SYSTEMS   FOR 

SWITCHBOARD    PANELS 

In  the  arrangement  shown  at  c  the  station  load  consists  of  two 
parts,  lighting  and  power.  A  tie  switch  is  provided  to  permit  parallel 
operation  of  the  two  halves  of  the  station  when  desirable.  The  feeder 
panels  are  placed  at  the  extreme  ends  of  the  board  to  permit  addition 
to  feeders  without  disturbing  the  rest  of  the  board,  lighting  feeders 
being  taken  out  at  one  end  and  power  feeders  at  the  other.  The 
switchboard  and  e.xciters  are  located  in  the  center  of  the  station  with 
the  alternating-current  generators  symmetrically  arranged  on  either 
side. 

The  arrangement  shown  at  d  consists  of  double-throw  feeder 
circuits  and  single-throw  generator  circuits.  This  system  may  l>e  de- 
sirable because  of  the  difficulty  of  parallel  operation  where  one  set  of 
generators  differs  in  characteristics  from  the  other;  because  of  dif- 
ferent voltages  on  the  two  bus-bars ;  or  because  one  is  alternating 
and  the  other  direct  current.  Dotted  lines  in  the  main  bus-bar 
indicate  an  arrangement  for  double-throw  generator  circuits;  in  the 
exciter  bus-bars  indicates  that  arrangement  is  made  for  parallel  opera- 
tion of  all  exciters;  in  the  instrument  and  synchroscope  ^ 
indicates  that  arrangement  is  made  for  using  cither  set  of  in-  .s 
for  the  station  as  desired. 
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CHOICE   OF   PANEL  DESIGN 

Dimensions — The  size  of  the  panel  and  the  design  of  the  frame 
should  be  in  keeping  with  the  apparatus  to  be  mounted  thereon. 
A  small  schedule  of  apparatus  of  the  cheaper  type  and  of  small 
capacity  should  have  a  small  panel  with  light  framework  to  bal- 
ance the  design  properly.  Obviously  a  large  schedule  of  heavy  ca- 
pacity apparatus  would  be  entirely  out  of  place  if  mounted  on 
small  panels  with  light  framework.     Two  distinct  forms  of  panels 

appear  prominently  among 
the  many  special  panels 
which  have  been  used ;  the 
90-inch  panel  with  two  or 
more  sections  of  panel  ma- 
terial covering  the  entire 
frame  from  top  to  floor, 
Fig  6  (i  to  16),  and  the  76- 
inch  panel  with  one  section 
of  panel  material  48  inches 
high  with  the  frame  extend- 
ing uncovered  the  remain- 
der of  the  distance  to  the 
floor,  Fig.  6  (17  to  28). 
FIG.  14— COST  OF  THREE-PHASE  SWITCH-  Both  foHTis  may  bc  support- 
BOARDs  CORRESPONDING  TO  PANEL  NO.   I,     ed  bv  either  anele  or  tubu- 

FIG.    6*  ,  r  ,        1  ,         1 

c    •+  t,v,      ^    f      <.        1        ^  ^r.r.      u.     lar  iramework,  but  the  lat- 
bwitchboards  for  two-phase  2  200  volts  ^  ' 

would  -cost   2.5   percent   his>her   than   the  ter  form  is  usually  mounted 

corresponding  three-phase  boards   in   ca-  ^   ^ular    frame,    as     the 

pacities  from  25  to  boo  k.v.a.,  4.3  percent  _    _                  '    _ 

higher  in  capacities  from   1 000  to   1 200  round   piping   extending  be- 

k.v  a.  and  10  percent  higher  from  I  400  to  j^^    ^^               j    section,    with 

2250  k.v.a.;  for  6000  volts  the  two-phase  ^                          ' 

boards  will  cost  2.25  percent  higher  from  large    ornamental    foot    nutS, 

75  to  3500  k.v.a.  and  10  percent  higher     pj-gsents  a  more  finished  ap- 
from  4000  to  6000  k.v.a.  ^  ^ 

pearance. 

Panel  Sections — The  determination  of  the  proper  number  of 

sections  per  panel  may  be  influenced  by  design  and  arrangement  of 

apparatus,  the  appearance,  strength  of  the  material,  and  facility  in 

erecting  and  interchanging.     A  wide  range  of  selection  is  presented 

by  the  standard  lines  carried  in  stock  by  the  manufacturers,  and 


*When  coml")ining  panels  to  make  up  the  cost  of  a  complete  board,  from 
this  and  the  succeeding  curves,  the  bus-bars  should  be  calculated  separately 
and  a  sufficient  increase  should  be  made  in  the  cost  of  the  boards  if  the 
bus-bar  capacity  at  any  panel  exceeds  the  capacity  of  the  panel. 
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wherever  possible  some  standard  size  should  be  chosen.  These 
sizes  usually  permit  the  best  arrangement  and  are  the  result  of 
years  of  experience.  Their  choice  will  enable  manufacturers  to 
quote  their  minimum  price  and  delivery.  This  is  even  more  true 
when  additions  or  modifications  to  an  existing  marble  switchboard 
are  to  be  made,  for  while  the  large  stocks  of  polished  marble  car- 
ried by  the  manufacturers  enable  them  to  match  an  existing  board 
closely,   special    sizes   must   be   ordered   direct    from    the   quarries 


FIG.  16 — COST  OF  THREE-PHASE  SWITCH- 
BOARDS CORRESPONDING  TO  PANEL  NO. 
3.  FIG.  6 

Switchboards  for  two-phase  2  200 
volts  would  cost  6.6  percent  lower 
than  the  corresponding  three-phase 
boards  in  capacities  from  25  to  i  200 
k.v.a.  and  1.6  percent  higher  from 
1200  to  2250  k.v.a.;  for  6600  vohs 
the  two-phase  boards  will  cost  6 
percent  lower  from  75  to  3  500  k.v.a. 
and  3  percent  higher  from  4000  to 
6000  k.v.a.  The  two-phase  requires 
but  two  ammeters  and  therefore  a 
16  in.  panel  may  be  used,  making  the 
total  price  lower  for  two-phase  up  t' 
1200  k.v.a.  at  2200  volts  and  3500 
k.v.a.  at  6600  volts  when  the  change 
to  the  600  ampere  switch  increases 
the  price  to  a  value  higher  than  that 
for  the  corresponding  three-phase 
panel. 

where  the  selection  must  be  made  from  unpolished  marble  of  shade 

and  markings,  as  is  being  quarried  at  the  time  of  the  order. 

The  usual  arrangement  for  90-inch  panels  consists  of  a  60  to 

70-inch  upper  section  with  a  30  to  20-inch  lower  section.     Of  these 

the   combination   of  65   and   25-inch   sections  and  62  and   28-inch 


FIG.  15 — COST  OF  THREE-PHASE  SWITCH- 
BOARDS CORRESPONDING  TO  PANEL  NO. 
2,   FIG.   6 

Switchboards  for  two-phase  2  200 
volts  would  cost  1.75  percent  higher 
than  the  corresponding  three-phase 
boards  in  capacities  from  25  to  800 
k.v.a.,  3.25  percent  higher  in  capaci- 
ties from  I  000  to  I  200  k.v.a.  and  10 
percent  higher  from  1400  to  2250 
k.v.a.;  for  6600  volts  the  two-phase 
boards  will  cost  1.5  percent  higher 
from  75  to  3  500  k.v.a.,  2.8  percent 
higher  at  4000  k.v.a.  and  5  percent 
higher  from  5000  to  6000  k.v.a. 
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sections  are  most  used.  The  usual  combinations  for  the  three  sec- 
tion panels  are,  upper  20  inches,  middle  45  inches,  lower  25  inches ; 
or  upper  31  inches,  middle  31  inches,  lower  28  inches. 

Black  marine  finished  slate  is  one  of  the  most  serviceable 
materials  for  this  type  of  board  as  well  as  the  cheapest.  This  has 
a  dull  velvety  black  finish  which  may  easily  be  kept  in  good  condi- 
tion. The  natural  material  is  usually  purple  slate.  When  rubbed 
with  oil  this  finish  will  not  show  oil  stains.  This  feature  is  of  spe- 
cial importance  where  oil  circuit  breakers  are  mounted  directly  on 
the  panels  for,  in  spite  of  all  precautions,  the  oil  will  usually  get 
on  the  panels  sooner  or  later.  Natural  black  slate,  the  best  of 
which  comes  from  Maine,  is  used  without  the  application  of  any 


FIG.  18 — COST  OF  THREE-PHASE  SWITCH- 
BOARDS CORRESPONDING  TO  PANEL  NO. 
9,  FIG.  6 

The  two-phase  panels  of  this  type 
cost  approximately  2.3  percent  more 
than  the  corresponding'  three-phase 
panels. 


*IG.  17 — COST  OF  THREE-PHASE  SWITCH- 
BOARDS CORRESPONDING  TO  PANEL  NO. 
8,  FIG.  6 

Switchboards  for  two-phase  2  200 
volts  would  cost  15  percent  higher 
than  the  corresponding  three-phase 
boards  in  capacities  from  25  to 
1 200  k.v.a.  and  13  percent  higher 
from  I  400  to  2  250  k.v.a. ;  for  6  600 
volts  the  two-phase  boards  will  cost 
16  percent  higher  from  75  to  3  500 
k.v.a.  and  13  percent  higher  from 
4000  to  6000  k.v.a. 

artificial  finish  other  than  clear  oil,  and  is  even  more  serviceable 
than  the  black  marine  slate,  though  more  expensive. 

Black  marine  finish  is  often  applied  to  marble,  especially  when 
the  voltage  of  the  live  parts  mounted  thereon  is  too  great  to  per- 
mit the  use  of  slate.  Thus  whole  switchboards,  or  only  certain 
high  voltage  sections  of  slate  switchboards,  may  be  made  of  black 
marine  finished  marble.     This  material  is  cheaper  than  the  natural 
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polished  marble,  as  no  polish  is  required  and  the  material  is  usually 
that  rejected  from  the  natural  finished  marbles  on  account  of  blem- 
ishes in  marking  and  coloring. 

Of  the  natural  finished  marble,  the  blue  Vermont  is  the  best 
domestic  marble  for  switchboard  work,  owing  to  its  good  insulat- 
ing qualities  and  its  uniformity  in  coloring  and  marking.  White 
Italian  marble,  though  possessing  better  mechanical  and  electrical 
properties,  is  usually  prohibitive  on  account  of  its  cost.  Its  use 
is  now  confined  chiefly  to  those  applications  in  which  appearance 
is  a  major  consideration.  All  polished  marble  switchboards  for 
this  class  of  service  should  have  the  back  and  edges,  also  the  sides 
of  all  holes,  treated  with  an  oil  proof  varnish,  to  prevent  oil  stains 


FIG.  19 — COST  OF  THREE-PHASE  SWITCH-  FIG.  20 — COST  OF  THREE-PHASE  SWITCH- 
BOARDS CORRESPONDING  TO  PANEL  NO.  BOARDS  CORRESPONDING  TO  PANELS 
II.  FIG.  6  NO.    14,    IS   AND   16,   FIG.   6 

Prices  for  two-phase  panels  are  ap- 
proximately 3.6  percent  higher  than 
the  corresponding  three-phase  panels. 

from  discoloring  the  marble.  The  appearance  is  considerably  im- 
proved if  a  clear  varnish  is  used,  as  the  natural  marking  of  the 
marble  is  thus  brought  out  almost  as  well  as  when  polished.  Where 
current  carrying  parts  are  mounted  directly  on  the  switchboard, 
slate  can  seldom  be  used  above  600  volts,  whereas  marble  may  be 
used  for  voltages  as  high  as  3  300  volts. 

For  the  small  boards  the  tubular  frame  is  undoubtedly  the 
best  selection.  The  lower  part  of  these  frames  which  appears  be- 
tween the  panel  section  and  the  floor  does  not  require  any  special 
covering  to  give  a  finished  appearance.  The  number  of  castings, 
bolts,  etc.,  is  small,  as  these  panels  usually  have  but  four  mounting 
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bolts,  and  therefore  assembly  at  the  factory,  shipment,  erection  and 
alterations  or  additions  are  easily  accomplished.  The  frame  for 
multi-section  panels,  however,  presents  a  different  problem.  The 
comparison  between  the  2  y(_  t^  y^  >^-inch  angle  frame  (Fig.  11) 
and  the  i%-inch  tubular  frame  (Fig.  12)  is  about  as  follows: 

Cost    of    frame,    Materials  Tubular   frame  approximately 

for  Shipment  25  percent  cheaper. 

Cost  of  Packing  Angle   frame  approximately 

Painted  and  Assembled  65  percent  cheaper. 

Cost  of   Erecting  Angle   frame  approximately 

at   Destination  50  percent  cheaper. 

Mechanical  Strength  and  Greatly  in  favor  of 

Alignment  of  Panels  angle    frame. 

Where  angle  frames  are  employed,  the  panel  sections  and  the 
two  panel  uprights  form  a  unit,  and  may  be  handled  as  such  in 
shipping  and  erecting.  As  there  is  no  necessity  for  removing 
the  panel  sections  from  the  angle  frame  before  shipment,  the  pan- 
els may  be  completely  wired  by  the  manufacturer  before  delivery. 
For  the  tubular  frame,  however,  one  upright  is  common  to  two 
adjacent  panels  and  to  pack  the  panel  as  a  whole,  a  temporary  up- 
right must  be  supplied  with  each  panel  but  one.  This  renders  the 
packing  and  erecting  at  destination  so  much  more  difficult,  to  say 
nothing  of  the  added  expense  of  the  temporary  uprights,  that  the 
tubular  frame  switchboards  are  usually  shipped  unassembled. 

ARRANGEMENT  OF  PANELS 

A  great  number  of  arrangements  of  the  panels  of  a  switch- 
board may  be  made,  each  possibly  with  distinctive  merits  of  its  own. 
It  is  obvious,  however,  that  as  there  are  so  many  switchboards  quite 
similar  in  design,  as  well  as  in  the  functions  which  they  perform, 
there  must  be  some  logical  arrangement  which,  in  general,  meets 
almost  every  requirement.  Such  an  arrangement,  as  shown  in  Fig. 
13(a),  is  as  follows:  Tirrill  regulator  panel  (if  any)  at  one  end  of 
board  followed  by  exciter  panels,  generator,  totalizing,  transform- 
er and  feeder  panels.  Some  of  the  advantages  of  this  arrangement 
over  other  possible  arrangements  are: 

Ease  of  adding  to  the  board  without  materially  disturbing  the  existing 
panels.  By  arranging  the  panels  in  order  of  their  current  capacities,  with 
the  heaviest  capacity  panels  at  the  center  of  the  board,  the  bus-bar  copper 
is  usually  reduced  to  a  minimum.  The  output  of  the  station  may  be  total- 
ized on  one  set  of  meters  connected  to  bus-bar  transformers,  between  the 
generator  and  the  feeder  panels.    (When  the  generator  panels  are  separated 
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by  feeder  panels,  totalizing  cannot  be  accomplished  without  undesirable  in- 
tricacies in  wiring  connections.)  The  alternating-current  bus-bars  do  not 
cross  the  exciter  panels.  The  exciter  bus-bars  are  of  minimum  length. 
The  concentration  of  various  panels  of  a  kind  at  one  part  of  the  board 
assists  the  operator  materially  by  reducing  the  number  of  steps,  and  con- 
sequently the  time  required   for  any   switching  operation. 

The  arrangement  of  panels  for  each  switchboard  should,  how- 
ever, be  given  careful  consideration.  An  arrangement  may  then  be 
chosen  which  will  suit  the  local  conditions  better  than  the  arrange- 


FIG.  22 — COST  OF  THREE-PHASE  SWITCH- 
BOARD CORRESPONDING  TO  PANELS 
NO.  20,  21,  AND  22,  FIG.  6 

Prices  for  a  two-phase  board  of 
the  type  corresponding  to  panel  20. 
Fig.  6  are  approximately  8  percent 
higher  than  for  the  corresponding 
three-phase  panel;  for  panel  21.  6 
percent  higher  from  10  to  200  k.v.a.. 
and  16  percent  higher  from  250  to 
1 200  k.v.a. ;  and  for  panel  22,  1 1 
percent  higher. 


FIG.  21 — COST  OF  THREE-PHASE  SWITCH- 
ROARDS  CORRKSPONDING  TO  PANKLS 
NO.    17,   18,  AND   ig,  FIG.  6 

Prices  for  two-phase,  2  200  volt 
board  of  the  type  corresponding  to 
panel  17  will  be  0.5  percent  higher 
than  the  corresponding  three-phase 
panel  from  10  to  200  k.v.a.  and  6 
percent  higher  from  200  to  i  200 
k.v.a.;  for  panel  18,  0.5  percent  higher 
from  ID  to  800  k.v.a.  and  approxi- 
mately the  same  price  above  1 000 
k.v.a.;  for  panel  iq  approximately 
0.5  percent  higher  throughout.  The 
prices  for  two-phase  and  three-phase 
panels  of  these  types  are  almost  iden- 
tical owing  to  the  fact  that  a  nar- 
rower panel  and  but  two  ammeters 
for  two-phase  offset  the  four  pole 
breaker  and  additional   wiring. 

ment  just  described  (sec  Fig.   13(a).  (b).  (c)   and   (d).     The  de- 
termining factors  to  be  considered  arc: 

The  scheme  of  main  connections,  the  scheme  of  operation,  the  geog- 
raphy of  the  station  apparatus,  the  arrangement  of  cables  to  and  from  the 
switchboard,  the  desirability  of  totalizing  the  load,  and    future   additions. 

Less  attention  is  usually  given  to  the  arrangement  of  cables 
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than  their  importance  warrants.  It  is  not  unusual  to  find  arrange- 
ments which  save  copper  in  the  bus-bars  at  the  expense  of  increase 
in  the  cost  of  cable.  Later  additions  are  often  made  at  excessive 
cost  and  great  inconvenience  to  the  operation  of  the  station.  Blank 
panels  properly  located  during  the  initial  installation  usually  save 
many  times  their  cost.  A  carefully  prearranged  scheme  of  inter- 
changing panels  may,  however,  permit  the  making  of  all  necessary 
additions.  For  example,  the  bus-bars,  instrument  transformer 
supports  and  all  openings  in  the  floor  may  be  arranged  so  that  they 
will  suitably  accommodate  future  additions. 

ARRANGEMENT  OF  APPARATUS 

The  usual  arrangement  of  apparatus  on  individual  panels  as 
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FIG.   22,  FIG.   24 


FIG.    25 


FIG.     23 — SINGLE     GENERATOR     RHEOSTAT     SUPPORTED     FROM 

BACK    OF   PANEL   BY   A    SINGLE   BRACKET 
FIG.    24 — GENERATOR   AND   EXCITER    RHEOSTAT    MOUNTED    IN 

COMBINATION    AND    SUPPORTED    FROM    SINGLE    BRACKET 

FIG.    25 — COMBINATION    MOUNTING   OF    HANDWHEELS    WITH 

GENERATOR    RHEOSTAT    MOUNTED    NEAR    EITHER    TOP    OR 

BOTTOM    OF   BOARD;    EXCITER  RHEOSTAT    ON    SINGLE 

BRACKET 

recommended  by  best  practice  is  shown  in  Fig.  6.  Some  operators 
prefer  arrangements  which  differ,  more  or  less,  from  those  illus- 
trated, and  in  some  cases  the  conditions  may  warrant  radical  de- 
partures, but  if  the  following  requirements  are  complied  with,  it 
will  usually  be  seen  that  the  arrangements  illustrated  are  obtained : 

I — Indicating    instruments    should    be    mounted    at    or    a  little    above 
the  height  of  the  eyes. 
I  2 — Meters  of  a  kind   (for  example,  ammeters)   should  be  symetrical- 

ly  grouped  on  the  panel  so  that  phase  distinctions  are  apparent. 
3 — Meters  of  a  kind  should  be  in  alignment  with  each  other  on  the 
various   panels,    for   convenience,    appearance   and    symmetry    of 
'■  wiring. 

4 — Voltmeter    receptacles    and    similar    plugging    devices    should    be 
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located  as  near  the  instruments  as  possible  to  simplify  and  de- 
crease amount   of   small   wiring. 

5 — Rheostats,  unless  very  small,  should  be  sprocket  operated,  the  face 
plates  and  resistance  mounted  as  a  unit  and  located  in  some 
convenient  place  where  the  contacts  may  readily  be  inspected 
and  where  the  heat  from  the  resistance  will  do  no  harm.  The 
handwheels  should  be  located  near  the  center  of  the  panel  at 
such  a  height  that  the  operator  may  readily  watch  his  instru- 
ments while  adjusting  the  rheostat  and  can  have  one  hand  free 
to  operate  the  voltmeter  receptacle,  field  switch  or  main  switch. 

6 — The  main  switches  or  circuit-breakers  should  be  located  at  a 
height  most  convenient  for  ease  in  operation.  They  must  nofl 
be  so  close  to  the  edge  of  the  panel  section  as  to  interfere  with 
the  frame  work  or  to  give  insuflficient  distance  to  the  adjacent 
apparatus,  or  so  near  the  floor  as  to  prevent  free  removal  of 
the  tanks  for  inspection. 

7 — Watthour  meters  or  relays  may  be  mounted  on  the  subsections  or 
at  the  rear  of  the  board,  as  they  require  only  occasional  at- 
tention. 

8 — High  tension  bus-bars  should  be  mounted  near  the  top  of  the 
board  to  avoid  accidental  contact,  thus  obviating  the  necessity 
of  insulating  them  to  prevent  injury  to  attendants.  This  ar- 
rangement also  permits  free  access  to  the  rear  of  the  board. 

9 — Voltage  and  current  transformers  may  be  mounted  at  the  rear 
of  the  board  on  suitable  supports,  but  usually  at  the  expense 
of  accessibility  to  the  instrument  wiring  and  auxiliaries  mount- 
ed on  the  back  of  the  panel,  and  of  the  general  appearance  of 
the  installation.  It  is  recommended  that  they  be  placed  apart 
from  the  board  wherever  possible.  (See  Fig.  9)  ;  beneath  the 
floor  if  the  leads  go  down,  or  on  the  wall  where  they  go  up. 
10 — Such  instruments  as  graphic  recording  meters,  static  ground  de- 
tectors and  Tirrill  regulators  should  not  be  placed  on  swinging 
brackets   or  swinging  panels. 

COSTS 

The  following  curves  with  table.*;,  Figs.  14  to  22  inclusive, 
showing  the  cost  in  cents  per  kilovolt-ampere  capacity,  will  indi- 
cate the  relative  costs  of  the  various  panel  arrangements  and  of 
the  comparative  cost  of  2200  and  6600  volt  panels.  The  figures 
given  include  all  wiring  details,  and  bus-bars  of  the  rated  capacity 
of  the  panels.  The  tables  permit  a  more  accurate  interpretation 
of  the  curves  and  also  indicate  the  values  beyond  those  shown  by 
the  curves.  The  irregtilarities  and  breaks  in  the  curves  are  occa- 
sioned by  the  fact  that  two  sizes  of  oil  switch  are  involved,  namely 
the  300  and  6cx)  ampere  capacities.  The  change  in  capacity  for 
this  rating  comes  between  i  200  and  i  400  kw.  for  2  200  volt  pan- 
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els,  and  between  3  000  and  4  000  kw.  capacity  for  6  600  volts.  As 
shown  by  the  curves  the  prices  of  the  generator  panels  are  usually 
the  same,  regardless  of  k.v.a.  capacity,  up  to  500  or  800  k.v.a. 
Above  these  capacities  they  increase  by  steps  owing  to  additional 
cost  of  series  transformers,  panel  wiring,  etc.,  until  the  sudden 
change  to  the  higher  capacity  switch  causes  a  break  in  the  curve. 
The  two-phase  panels  usually  exceed  the  three-phase  panels  in 
cost  by  the  cost  of  the  extra  circuit  breaker  pole  and  its  wiring, 
but  this  is  not  true  where  three  ammeters  are  used  for  three  phases 
and  two  for  two  phases,  as  the  fewer  meters  and  the  narrower 
panel  may  make  the  two-phase  cheaper  than  the  three-phase  panel. 

REAR  OF  BOARD 

The  design  of  the  rear  of  a  switchboard  is  a  good  indication 
of  its  real  worth  as  an  engineering  production.  Even  more  care  is 
necessary  than  for  the  front,  as  it  is  here  that  switchboard  troubles 
most  usually  occur,  and  the  chance  of  their  occurrence  is  multi- 
plied if  a  careless  or  an  inconsistent  design  is  adopted.  It  is  a 
comparatively  simple  matter  to  produce  a  well-arranged,  well-ap- 
pearing front,  but  the  rear  of  the  board  with  its  many  details,  form- 
ing a  combination  of  high  and  low  voltage  conductors,  moving  me- 
chanical parts,  instrument  and  control  wiring,  oil  circuit  breakers, 
rheostats,  etc.,  persents  a  problem  which  requires  originality  and 
systematic  design  on  the  part  of  the  engineer  and  a  skilled  and  pa- 
tient draughtsman.  This  is  probably  more  true  of  the  self-con- 
tained switchboard  than  of  any  other,  as  the  greater  part,  if  not 
all,  of  the  auxiliary  apparatus  is  mounted  upon  or  supported  from 
the  rear  of  the  board.  This  auxiliary  apparatus  consists  chiefly 
of  bus-bars,  instrument  wiring,  instrument  transformers,  fuse 
blocks  and  fuses,  main  interconnections  with  their  supports,  instru- 
ment and  discharge  resistances  and  rheostats,  but  very  often  it  is 
necessary  that  space  be  found  for  disconnecting  switches,  fuses  for 
main  circuits,  wattmeters  and  relays.  This  is  obviously  bad  engi- 
neering and  should  be  avoided  by  finding  room  for  much  of  the 
high  voltage  apparatus,  such  as  instrument  transformers,  discon- 
necting switches  and  fuses  away  from  the  board  itself  (Fig.  9). 
This  treatment  permits  an  accessible,  open  arrangement  of  the  main 
and  control  wiring  and  other  apparatus  which  should  naturally  be 
mounted  on  the  back  of  the  panels. 

Rheostats,  when  small,  are  best  located  at  the  rear  of  the  board, 
preferably   supported   on  brackets   which   will   not   materially   de- 
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crease  tlie  space  required  for  instrument  wiring  and  other  details, 
Fig.  23.  When  individual  exciters  are  used  with  the  generators 
their  rheostats  may  be  mounted  in  combination,  the  handwheels  be- 
ing concentric  on  the  front  of  the  panel,  the  main  rheostat  being 
controlled  by  means  of  a  hollow  shaft  which  contains  the  shaft  of 
the  exciter  rheostat.  Fig.  24. 

Where  the  size  of  the  rheostats  precludes  the  combination 
mounting,  the  concentric  handwheels  may  still  be  retained  by  mak- 
ing the  main  rheostat  sprocket  operated,  and  locating  it  near  the 
top  or  bottom  of  the  panel.  Fig.  25.  The  larger  capacity  rheo- 
stats, whose  resistance  must  be  made  up  of  cast  iron  grids,  should 
be  mounted  entirely  independent  of  the  board,  Fig.  26.  It  is  not 
good  practice  to  mount  the  face  plate  at  the  board  and  the  resist- 
ance apart  from  it  because  of  the  great  number  of  cables  required 
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FIG.   26 
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*FIG.   28 


FIG.   27 
FIG.    26 — SAME    AS    FIG.    25    EXCEPT    GENERATOR    RHEOSTAT    IS    MOUNTED 

ON   THE   FLOOR  OR   SUPPORTED   FROM    THE  CEILING 
FIG.   27 —  REMOTE   CONTROL  WALL   MOUNTING  OF  LARGE  GENERATOR  RHEO- 
STAT  SHOWING   THREE   GOOD    METHODS   OF   ARRANGING   THE   CONTROL 
FIG.    28 — HANDWHEEL    OF    GENERATOR    AND    EXCITER    RHEOSTAT    MOUNTED 
IN    combination;    both    RHEOSTATS    REMOTE    CONTROLLED 

to  connect  one  to  the  other,  a  48-step  face  plate,  for  example,  re- 
quiring 49  leads.  The  better  method  is  to  mount  the  face  plate 
as  indicated  in  Figs.  28  and  29. 

Cables  to  and  from  the  switchboard  should  be  supported  in 
such  a  manner  that  their  weight  will  not  be  suspended  from  a 
soldered  joint  or  the  terminal  of  a  circuit  breaker.  Cables  should 
not  be  used  as  connections  for  switchboard  apparatus  where  bends 
are  necessitated,  as  they  will  not  keep  their  form  unless  carefully 
supported  or  enclosed  in  a  stiff  covering.  Connections  are  prefer- 
ably made  of  flame-proof  solid  wire,  well  insulated  against  accident- 
al contact.      If  the  connection  is  of  too  large  capacity  to  be  made 
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with  one  oooo  wire,  and  it  is  inadvisable  to  use  two  or  more,  bare 
copper  rods,  tubes  or  straps  should  be  used.  This  should  be  well 
insulated  after  erection  with  varnished  cambric  tape  or  its  equiva- 
lent, to  protect  against  accidental  contact,  and  it  is  advisable  to 
flame  proof  all  such  insulation  with  asbestos  tape  or  some  equiva- 
lent. To  give  it  permanency  the  asbetos  tape  should  be  treated 
with  a  binding  solution  such  as  silicate  of  soda.  As  practically 
all  switchboard  mounted  circuit  breakers  are  now  designed  with 
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FIG.   29 — SUGGESTED   ARRANGEMENTS   FOR  LARGE   REMOTE 
CONTROLLED  RHEOSTATS 

their  terminals  entirely  enclosed  in  a  removable  micarta,  or  other 
insulating  tube,  the  connection  to  the  circuit  breaker  must  rise  ver- 
tically the  height  of  this  tube  to  permit  access  to  the  terminals. 

All  connections,  both  main  and  auxiliary,  should,  when  at  all 
possible,  be  run  vertically  and  horizontally  with  right  angle  bends 
made  to  a  sufficient  radius,  so  that  the  conductor  will  not  be  in- 
jured. The  same  suggestion  applies  to  any  straps,  brackets,  braces 
or  other  members  of  the  switchboard  construction,  for  the  appear- 
ance of  the  board  is  very  greatly  increased  thereby.  This  rule  is 
of  further  advantage  in  producing  a  uniform  spacing  throughout  if 
properly  executed,  whereas  any  other  method  will  result  in  many 
of  the  conductors  being  much  closer  together  at  some  places  than 
at  others.  This  results  either  in  the  loss  of  the  factor  of  safety 
in  insulating  distance,  or  an  increase  in  the  depth  of  the  entire 
arrangement. 
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Our  readers  are  inznted  to  use  this  department  for  obtaining  information 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest and  of  the  kind  that  can  be  treated  briefly.  Each  inquiry  should  be 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  2oo  Ninth  Street,  Pittsburgh,  Pa. 


8i6 — T-Connection  of  Transform- 
ers—  Please  .explain  the  "T" 
transformer  connection  and  show 
a   diagram.  j.d.n.    (ore.) 

Two  transformers  "T"-con- 
nected  may  be  used  to  transform 
three-phase  current.  One  end  of 
the  primary  winding  of  one  trans- 
former is  connected  to  the  middle 
point  of  the  primary  winding  of  the 
other  transformer.  The  secondary 
of  the  first  transformer  is  likewise 
connected  to  the  middle  of  the 
secondary    of    the    second    trans- 
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Plfi.  816   (a),   (b),   (c),   (d),  and   (e) 

(■)^-ConnectionB  of  primary  and  iccondar)'. 

(b) — Current  relationH  in  T-connected  trans- 
formers  of  "positive"  polarity. 

(c) — Current  relations  in  T-connccted  trans- 
formers   of   "negative"    polarity. 

(<J) — Current  relations  in  T-connected  trans- 
formers of  "positive  polarity,  with 
"teaser   secondary   reversed. 

(•) — Current  relations  in  T-ronnected  trans- 
formers of  "nojcative"  polarity,  with 
"teaser"    secondary   rever.sed. 

former.  With  a  three-phase  e.m.f. 
impressed  on  the  three  primary 
terminals,  a  three-phase  e.m.f.  will 
be  induced  at  the  three  secondary 
terminals.  If  both  transformers 
are  of  the  same  "polarity"  the  pri- 
mary and  secondary  windings  of 
the  two  transformers  must  be  sim- 
ilarly connected.  If  the  transform- 
ers are  of  unlike  polarity  the  sec- 


ondary of  the  first  or  "teaser" 
transformer  must  be  reversely 
connected  from  the  primary; 
otherwise  phase  transformation 
will  take  place  in  the  second  trans- 
former accompanied  by  poor  reg- 
ulation. Fig.  8i6  (a)  shows  nor- 
mal primary  and  secondary  con- 
nection. Figs.  8i6  ((b)  and  (c) 
show  current  relations  in  normal 
connections  of  "negative"  and 
"positive"  polarity  windings,  the 
letters  indicating  the  direction  of 
flow  of  the  current  represented  by 
the  vector.  Figs  8i6  (d)  and  (e) 
show  the  effect  of  reversing  the 
secondary  connection  of  the  teas- 
er, resulting  in  the  vector  repre- 
senting current  in  corresponding 
portions  of  primary  and  secondary 
windings  being  out  of  phase.  For 
explanation  of  "polarity  of  trans- 
former" see  article  on  "Effect  of 
Electrostatic  Stresses  and  Ground 
Connections  on  Transformer  Insu- 
lation" in  series  on  "Continuity  of 
Service,"  Mar.  191 1,  p.  266.  c.f. 

817— Phasing  Out  Three  -  Phase 
Transformers  for  Parallel  Oper- 
ation with  Single-Phase  Unit — 
We  have  recently  purchased  a 
500  kw,  three-phase,  delta  to 
delta,  10  000  to  575  volts,  oil 
cooled  transformer.  This  unit 
will  run  a  three-phase  induction 
motor.  We  have  phased  in  and 
run  it  with  a  generator,  but  can 
not  phase  it  in  with  our  banks 
of  oil  cooled  transformers,  of 
which  we  have  3600  kw  capacity 
in  banks  of  900  kw  each,  delta  to 
delta  10 000  to  575  volts.  We 
have  tried  various  combinations 
of  connections  for  secondary 
phase  relations,  but  could  find 
only  two  zero  voltapes.  We 
found  some  combinations  that 
gave  575  volts  and  others  that 
gave  I  150  volts.  Please  suggest 
cause  and  remedy,  and  give 
sketch  showing  vector  relations, 

etc.  CAT      (MASS.) 

The    bank   of   three    single-phase 
transformers    can    be    phased    out 
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with  the  three-phase  transformer 
as  follows: — Connect  the  three- 
phase  transformer  and  the  three 
single  phase  units  in  parallel  on 
the  high-tension  side  as  shown  in 
Fig.  817  (a),  and  apply  voltage  to 
it.  Then,  to  parallel  on  the  low- 
tension  side,  each  single  phase 
transformer  should  be  phased  out 
separately  with  the  three-phase 
unit.  To  do  this,  connect  terminal 
4  of  single-phase  transformer   No. 

1  to  terminal  /  of  the  three-phase 
unit  and  measure  the  voltage  be- 
tween terminals  2  and  5.  If  the 
voltage  is  zero  the  connection  is 
correct  and  terminal  /  should  be 
connected    permanently    to    4,    and 

2  permanently  to  5.  If  the  voltage 
is  I  150,  the  phases  correspond,  and 
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Fig.   817    (a),    (b),    (c),    (d),  and   (e) 

the  connections  are  reversed,  and 
hence  4  should  be  connected  to  2, 
and  the  voltage  between  i  and  5 
will  then  be  zero.  Permanent  con- 
nections should  therefore  be  made 
accordingly.  If,  however,  when  i 
is  connected  to  4  the  voltage  be- 
tween 2  and  5  is  found  to  be  575  or 
995,  then  4  and  5  do  not  belong  in 
the  same  phase  with  /  and  2.  If 
this  is  the  case,  then  with  /  and  4 
connected  together,  measure  the 
voltage  between  3  and  5.  If  it  is 
zero,  the  connection  is  correct  and 
it  should  be  joined  to  4  and  like- 
wise 3  permanently  to  5.  If  it  is 
I  150,  the  phases  correspond  but 
the  connections  are  reversed,  so 
that  /  should  be  joined  to  5  and  4 
to  3,  permanently.  If,  however, 
with  I  joined  to  4,  the  voltage  be- 
tween 3  and  5  should  measure  575 
or  995.  then  j  and  3  do  not  belong 


in  the  same  phase  with  4  and  5.  It 
is  then  evident  that,  since  4  and  5 
are  not  in  phase  with  i  and  2  or  i 
and  3,  they  must  be  in  phase  with 
2  and  3.  Then,  connect  2  io  4  and 
measure  the  voltage  between  3  and 
5.  If  it  is  zero,  then  2  should  be 
connected  to  4  and  3  to  5,  perma- 
nently. If  it  is  I  150,  the  phases 
correspond  but  the  connections  are 
reversed,  so  that  2  should  be  con- 
nected to  5  and  3  to  4,  perma- 
nently. In  a  similar  manner,  ter- 
minals 6  and  7  of  transformers -?,  and 
terminals  8  and  9  of  transformer  3 
should  be  phased  out.  From  a 
study  of  the  above  instructions  the 
following  will  be  noted:  i — The 
possible  voltages  to  be  measured 
are:  zero,  575,  975  and  i  150.  2 — 
Zero  voltage  indicates  the  right 
phase  and  the  correct  connections. 
3 — A  measured  voltage  of  i  150  in- 
dicates the  right  phase  but  re- 
versed connection.  4 — The  meas- 
ured voltages  of  575  or  995  indicate 
the  wrong  phase.  The  phase  rela- 
tions for  the  four  different  voltages 
named  above  are  shown  in  dia- 
grams 769  (b),  (c),  (d)  and  (e).  If 
a  three-phase  transformer  having 
a  ratio  of  10  000  to  575  volts  is  con- 
nected in  star  on  the  high-tension 
side  and  in  delta  on  the  low-ten- 
sion side,  it  will  be  impossible  to 
parallel  it  with  a  bank  of  three  sin- 
gle-phase transformers  having  a 
ratio  of  10  000  to  575  volts.  Note  es- 
pecially No.  554,  June,  1911;  also 
Nos.  553,  June,  191 1;  49i,  Oct., 
1910;  256,  May,  1909  and  157,  Oct., 
1908.  W.N.M. 

818 — Connection  of  Transformer 
Coils  in  Series — Parallel — Sever- 
al single-phase  transformers  with 
a  ratio  of  22  500  to  5  350  volts  are 
being  used  on  a  22  500  volt,  three- 
phase  line  with  the  primaries  con- 
nected in  delta  and  the  secondaries 
connected  in  star.  There  are  eight 
primary  coils  and  four  secondary 
coils  in  each  unit.  Three  of  these 
secondary  coils  have  83  turns  per 
coil,  while  the  fourth  has  68  turns 
with  an  additional  15  turns  sepa- 
rated therefrom  to  be  used  for  reg- 
ulating purposes.  The  units  were 
made  for  operation  with  the  sec- 
ondary coils  all  in  series  but  for 
our  service  requirements  it  was 
necessary  to  connect  the   coils  in 
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series  parallel.     However,  the  ad- 
ditional   15    turns    were    not    used. 
In   some  of  the  units  two  oi  the 
four  coils  were  connected  In  par- 
allel and  then  connected  in  series 
with  the  other  two  coils  in  parallel. 
In  other  of  the  units  two  of  the 
coils   in    series   were   paralleled   at 
the   outer   ends   with    the   two    re- 
maining coils   connected   in   series. 
Our  experience  was  that  the  trans- 
formers which   were   paralleled  as 
per  the  first  arrangement  operated 
satisfactorily,  whereas  the  units  in 
which  the  coils  were  operated  ac- 
cording to  the  second  arrangement 
heated  up  and  burnt  out.    Will  you 
please  explain  the  difference  in  op- 
eration? CM.    (C.\L.  ) 
The  developments  of  the  different 
transformer   connections    are    shown 
by  Figs.  818  (a)  and  (b).     In  either 
case   there   was   a    resultant   voltage 
equivalent  to  the  voltage  of  15  turns 
causing  circulating  current.    For  Fig. 
818   (a)   this  circulating  current  was 
in  one-half  the  winding  and  opposed 
by  the  resistance  of  151  turns,  while 
for  Fig.  8i8(b)the  current  circulated 
through  the  entire  winding  and  was 


Fig.    818    (a)    and    (b) 

opposed  by  the  resistance  of  317 
turns.  Since  the  resistance  opposing 
the  circuiting  current  in  Fig.  818 
(b)  is  2.1  times  as  great  as  that  in 
Fig.  818  (a),  the  circulating  current 
in  Fig.  818  (a)  was  2.1  times  that  in 
Fig.  818  (b).  Therefore,  the  heating 
and  consequently  tlio  tendency  to 
burn  out  is  several  times  greater  for 
Fig.  818  (a)  than  for  Fig.  818  (b). 
However,  there  will  probably  be  a 
burn  out  in  either  case  in  a  short 
time.  Fig.  818  (b).  -vith  the  /.i  turns 
included  is  the  standard  way  of  con- 
noctinvr  coils  in  scrir'^-parallol.     j.F.r. 

819 — Electrolytic  Rectifier— A 
chemical  converter  is  required  for 
use  with  a  small  motor,  small  mag- 
nets, or  for  charging  batteries. 
How  should  the  elements  be  con- 
nected together?  There  are  four 
battery  jars,  each  to  contain  a 
crescent     shaped     aluminum     plate 


and  a  small  lead  pole  of  circular 
section.  What  electrolyte  should 
be  used  for  such  cells  and  what 
should  be  the  approximate  dimen- 
sions of  jar,  lead  pole  and  alumi- 
num plate  for  a  20  ampere  outfit? 
What  would  be  the  efficiency  of 
such  a  rectifier?  c.j.b   (ill.) 

The  arrangement  of  connections 
for  charging  the  cells  is  indicated  in 
Fig.  819  (a).  Probably  the  best  elec- 
trolyte is  a  saturated  solution  of  pure 
neutral  ammonium  phosphate.  The 
size  of  the  jars  depends  upon  the 
means  for  cooling.  They  should 
hold  at  least  one  quart  each,  and  if 
used  for  steady  load  should  be  ar- 
ranged with  means  of  circulating  the 
electrolyte  through  a  cooling  radia- 
tor. The  lead  should  have  a  surface 
area  of  about  40  square  inches.    The 


aluminum  should  have  40  square 
inches  or  more  surface  area.  The 
efficiency  is  very  low  and  depends 
upon  the  voltage,  current,  tempera- 
ture and  general  design.  A  cell  effi- 
ciency of  30  percent  for  charging  (6 
volt)  ignition  batteries  should  be 
considered  excellent.  Within  certain 
limits  the  efficiency  increases  with 
tlie  voltage  and  decreases  rapidly  as 
the  temperature  of  the  cell  increases. 

!,.W.C. 

820— Voltage  and  Phase  Relations 
with  Special  Transformer  Con- 
nection— In  the  transformer  con- 
lucti.'u  shows  in  Fig.  820  (a),  a 
two  coil.  1 1  000  volt  transformer 
with  a  ratio  of  I  to  I  is  desigtt^t.^cl 
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as  No.  I.  One  secondary  terminal 
of  this  transformer  is  grounded, 
and  this  same  terminal  is  also  con- 
nected at  the  middle  point  of  an 
1 1  000  to  22  ooo  volt  auto-trans- 
former, designated  as  No.  2,  which 
is,  therefore,  also  grounded.  The 
primary  connections  to  the  iiooo 
volt,  three-phase,  star-connected 
generator  are  as  indicated.    What 
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Fig.  820    (a)   and    (b) 

are  the  values  of  the  three  voltages 
and  their  phase  relations  as  meas- 
ured between  A  and  B,  A  and  C, 
and  B  and  C?  r.e.s.   (conn.) 

In  the  vector  diagram  Fig.  820 
(b),  let  be  represent  the  voltage  of 
transformer  No.  2.  Then  either 
from  a  or  'from  'Cj  to  the  intersection 
with  be  represents  the  voltage  of 
transformer  No.  /,  depending  upon 
whether  the  polarity  is  positive  or 
negative. 

821 — Connecting  Auto-Transform- 
ers— The  high  tension  winding 
of  a  single-phase,  300  k.v.a., 
step-up  transformer  consists  of 
three  sets  of  coils,  which,  when 
connected  in  series,  gives  a  pres- 
sure of  30  kilovolts  when  the 
primary  voltage  is  2  000.  Com- 
pelled by  special  circumstances, 
I  want  to  use  three  of  these 
transformers  as  auto-transform- 
ers, (using  the  high  tension 
windings  only)  to  raise  the  po- 
tential in  a  certain  three-phase 
transmission  line  fro'm  10  kilo- 
volts  to  20  kilovolts.  If  I  make 
connections  as  shown  in  Fig. 
821  (b)  and  apply  10  kilovolts 
between  leads  A  and  B,  I  ap- 
parently can  get  20  kilovolts 
pressure  between  leads  A  and  C. 
For  single-phase  transmission 
this  scheme  would  be  satisfac- 
tory, but  the  actual  transmis- 
sion is  to  be  three-phase,  a — 
How  shall  I  connect  the  bank  of 
three  auto-transformers  to  the 
10  kilovolt,  three-phase  line  to 
raise  the  potential  from  10  to  20 


kilovolts?  b — What  percent  of 
the  full  capacity  of  the  trans- 
formers shall  I  expect  to  get 
out  of  the  combination? 

M.L.S.    (mex.) 
The  transformers  can  be  opera- 
ted as  auto-transformers  to  trans- 
form   from    10  000    to   20000   volts, 

A- 


Fig.  821    (a),    (b)   and    (c) 

three-phase,  when  connected  as 
shown  in  Fig.  821  (c),  provided 
each  of  the  three  groups  of  coils 
is  wound  for  the  same  voltage.  If 
there  is  any  difference  of  voltage 
between  the  two  groups  that  are 
connected  in  parallel,  there  will  be 
a  circulating  current  that  may 
burn  up  the  windings.  The  out- 
put of  the  three  transformers  will 
probably  not  be  more  than  about 
375  k.v.a.,  although  this  will  de- 
pend upon  the  overload  capacity 
under  normal  operating  conditions. 

W.M.M. 

822 — Totalizing  Three-Phase  Pow- 
er on  Wattmeter — Is  it  practica- 
ble from  technical  and  commercial 
standpoints  to  record  on  one  watt- 
meter the  power  of  several  three- 
phase  circuits  of  the  same  voltage, 
by  use  of  parallel  connection  of  the 
secondaries  of  the  current  trans- 
formers to  the  current  coils  of  a 
polyphase  wattmeter?  The  circuits 
on  the  high-tension  side  of  the 
100  000/12  000  volt  power  trans- 
formers are  connected  permanently 
in  parallel.  The  feeder  bus-bars 
may  be  parallel  through  bus-bar 
switches  but  do  not  necessarily  op- 
erate so.  J.M. 
It  is  common  practice  to  connect 
the  secondaries  of  two  or  three  cur- 
rent transformers  in  multiple  as 
shown  in  Fig.  822  (a)  for  totalizing 
the    load    in    several    circuits    which 
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have  equal  and  synchronous  voltages. 

This  method  of  totaling  power  is  dis- 
cussed in  "Meter  and  Relay  Connec- 
tions," by  Mr.  H.  W.  Brown,  in  the 
Journal  for  May,  1909,  in  which  the 
present  diagram  appears.  When  a 
considerable  number  of  transformers 
are  so  connected  there  probably 
would  be  an  appreciable  error  in  case 
only  one  or  two  of  the  circuits  are 
alive.    The  impedance  of  transformer 
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Fig.   822    (a) 

winding  is  very  high  as  compared 
with  that  of  the  wattmeter  series  coil 
and  consequently  very  little  current  is 
shunted  away  from  the  meter  unless 
the  number  of  inactive  transformers 
is  large  in  comparison  with  the  num- 
ber of  live  wires.  Of  course,  the 
wattmeter  must  have  a  series  coil 
with  a  current  carrying  capacity 
equal  to  the  sum  of  the  secondary 
currents  of  the  transformers.  This 
ivoint  is  aometimes  overlooked  in 
specifying  apparatus  for  such  meas- 
urements. H.B.T. 

823— Effect  of  Cutting  Out  Coils 
In  Induction  Motor  —  What 
would  be  the  effect  of  cutting 
out  one  set  of  coils  on  a  six- 
pole.  I  200  r.p.m.,  72  slot,  one- 
half  hp,  220  volt,  60  cycle  induc- 
tion motor,  there  being  four 
coils  to  the  set?  cj.b.   (iu..) 

a — If  the  winding  is  connected 
in  series-star,  the  current  in  the 
three  phases  will  become  unbal- 
anced; the  power-factor  and  effi- 
ciency will  be  reduced,  and  the 
heating  will  be  increased.  The 
motor  will  also  be  less  quiet  in 
operation  than  originally.  If  the 
normal  temperature  rating  is  suf- 
ficiently    liberal,     the     motor     will 


probably  operate  without  injuri- 
ous heating,  b — If  the  winding  is 
connected  in  parallel-star,  series- 
delta,  or  parallel-delta,  the  current  in 
the  three  phases  will  become  unbal- 
anced as  in  case  a.  but  to  a  greater 
extent,  due  to  circulating  currents  in 
the  primary  winding.  It  is  doubtful 
if  such  a  motor  would  run  any 
length  of  time  without  excessive 
heating.  g.h.g. 

824— Special  Two-Phase  —  Three- 
Phase  Connection — In  one  of  the 
electrical  engineering  handbooks  I 
find  the  transformer  arrangement 
indicated  in  Fig.  824  (a)  for 
changing  from  two-phase  to  three- 
phase.  Please  give  vector  diagram 
showing  phase  relations  of  the 
various  component  voltages  and 
explain    the  connection. 

J.E.K.    (PENNA.) 

Three-phase  voltages  cannot  be 
obtained  from  a  two-phase  circuit  by 
the    use    of    two    transformers    as 
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Fig.    824    (a),    (b)    ami    (c) 

fundamental  trouble  lies  in  the  fact 
that  the  required  phase  shifting  can- 
not be  obtained  by  impressing  two 
voltages,  differing  in  phase  from 
each  other,  on  two  different  parts  of 
the  primary  winding  of  each  of  the 
two  transformers.  If  the  connec- 
tions are  reversed  as  shown  in  Fig. 
824  (b).  three-phase  voltages  can  l>e 
obtained  as  shown  in  the  vector  dia- 
gram. Fig.  824  (c),  which  assume^ 
that  100  volts,  three-phase  is  de- 
sired. For  various  information  on 
two-i>hasc — three-phase  method  of 
transformation  see  articles  and  ques- 
tion box  references  on  this  subject 
on  page  17  of  the  Nini'  Year  Top- 
ical Index,  under  "Transformers." 

W  MM 

825 — Insulation  Resistance  of  Al- 
ternators—  Before  starting  a  10- 
000  volt  alternating-current  gen- 
erator what  resistance  should 
the    insulation    show    between    ar- 
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mature  and  ground?  Could  a 
Megger  reading  from  5  000  ohms 
to  40  Megohms  be  used  satis- 
factorily to  measure  it? 

J.C.H.     (ONTARIO.) 

Common  practice  is  to  dry  out 
the  machines  by  running  on  short- 
circuit  with  a  weakened  field  until 
the  insulation  resistance  reaches  a 
minimum  value  and  begins  to  rise. 
When  it  reaches  the  maximum 
value,  or  approximately  one  meg- 
ohm per  10  000  volts  breakdown 
test,  it  would  be  safe  to  make  the 
high  voltage  breakdown  test.  A 
megger,  reading  from  5  000  ohms 
to  40  megohms,  could  be  used  for 
this  purpose.  il.g. 

826 — Potential  Transformers  and 
Meter  Connections — We  are  in- 
stalling new  polyphase  meters 
which  call  for  two  current  trans- 
formers and  two  potential  trans- 
formers. Instead  of  buying  two 
potential  transformers,  one  has 
been  secured  and  I  am  supposed 
to  use  the  other  potential  trans- 
formers already  in  use  for  syn- 
chronizing rotary  converters  and 
furnishing  current  for  the  signal 
lamps.  The  new  meters  call  for 
a  ground  for  the  potential  trans- 
former on  the  outside  lines  of 
the  secondary,  while  our  pres- 
ent system  is  grounded  on  the 
second  line.  Can  I  change  the 
connections  so  that  both  trans- 
formers will  be  grounded  on  the 
middle  line?  Will  it  affect  my 
meter?  I  cannot  now  change  my 
transformers  on  the  system,  be- 
cause it  would  throw  me  off  on 
synchronizing  signal  lights.  Fig. 
826  (a)  indicates  the  correction 
called  for  by  the  diagram  and 
Fig.  826  (b)  shows  the  way  I 
want    to    arrange    the    meter    if 

possible.  C.W.R.     (PENNA.) 

r 

,In  Fig.  826  (a),  the  current 
and  potential  transformers  are  so 
connected  to  the  meter  that  the  di- 
rection of  current,  at  any  given  in- 
stant, is  the  same  through  the  me- 
ter coils.  For  example,  the  bot- 
tom row  of  binding  posts  are  con- 
nected to  the  ground  or  common 
return  wire.  Let  us  assume  that  for 
a  given  instant  the  current  is  flowing 
through  the  ground  wire  back 
through  the  meter  to  the  instrument 
transformers.     This   means   that  the 


current  direction  in  the  meter  is  from 
the  lower  binding  posts  to  the  upper 
binding  posts.  In  the  scheme  of  con- 
nections of  Fig.  826  (b)  as  desired 
in  the  question,  it  is  to  be  noted  that 
with  the  same  assumption  as  before 
(viz.,  that  the  current  is  to  flow  from 
the  common  wire  through  the  meter 
back  to  the  transformers)  it  will  be 
found  that  the  current  direction  of 
the  potential  transformers  is  re- 
versed from  that  of  the  current 
transformers,  or  in  other  words,  the 
potential  circuit  is  180  degrees  out  of 
phase  with  the  current  circiut.  Figs. 
826  (c)  and  (d)  show  the  proper 
connections  to  the  meters  employing 
the  connections  desired  for  the  po- 
tential transformers,  i.e.,  with  the 
middle  or  common  wire  grounded. 
In  Fig.  826  (c),  the  same  primary 
and  secondary  connections  of  the  in- 
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Fig.    826    (a),    (b),    (c),    and    (d) 

strument  transformers  have  been  re- 
tained ;  simply  the  connections  at  the 
meter  have  been  reversed.  In  Fig. 
826  (d),  the  connections  of  the  cur- 
rent transformers  have  been  re- 
versed, which  allows  the  common 
grounding  of  the  lower  meter  bind- 
ing iposts,  the  same  as  employed  in 
the  diagram  sent  with  the  meter. 
This  last  scheme  of  connections  is 
probably  the  best  one  to  employ. 
The  small  arrows  show  the  directions 
of  current  in  the  respective  wires. 
The  principle  to  be  remembered  in 
making  polyphase  wattmeter  con- 
nections is,  that  the  current  in  the 
series  and  potential  coils  of  the 
meter  should  be  in  the  same  direc- 
tion in  order  to  obtain  proper  read- 
ing of  the  meter.  This  will,  no 
doubt,  be  found  to  be  emphasized  in' 
the  book  of  instructions  received 
with  the  meter.  There  is  a  possi- 
bility of  the  meter  readings  being 
slightly  inaccurate,  due  to  the  extra 
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load  on  the  one  potential  transfor- 
mer, providing  this  lamp  load  is 
heavy  enough  to  cause  an  appreciable 
drop  in  the  circuit  of  that  particular 
transformer.  h.a.t. 

827 — Synchronous  Motor  Applica^ 
tion  in    Pulp   Mill — In   a   certain 
mill  a  750  ampere,  three-phase,  60 
cycle,  440  volt  alternator  has  been 
installed    to     furnish    current    for 
several  induction  motors,     a — It  is 
proposed  to   install   a  400  hp   syn- 
chronous    motor    to     run    a    pulp 
grinder,  and  connect  the  motor  di- 
rect to  the  grinder  shaft,  in  which 
case    it    should    run    at    240    r.p.m. 
Would    it    be    advisable    to    use    a 
belted   induction   motor    for  bring- 
ing  the   synchronous   motor  up   to 
speed?     b — As   the   grinder   would 
not  have  any  load  in  starting,  ex- 
cepting the  friction  of  its  bearings, 
it  would  probably  not  require  over 
25  hp  to  start  the  grinder;  what  ad- 
ditional   power   would   be   required 
to   bring   the   motor   up   to   speed? 
.    c — On  the  starting  panel  it  is  pro- 
posed to  mount  an  indicating  kilo- 
watt    meter     showing     the     total 
power   taken   by  the   other   motors 
in  the  mill,  so  that  the  operator  can 
regulate   the   load   on    the   grinder, 
which  is  driven  by  the  synchronous 
motor     according     to     the     power 
available   from  the  generator.     All 
of  the  induction  motors  would  not 
be  running  at  the  same  time.     Tlie 
other    apparatus    on    the    starting 
panel  would  be  a  synchroscope,  di- 
rgct-current  voltmeter  and  ammeter 
for  the  exciter,   and  an   oil   switch 
in   the   main   circuit   of   the   motor. 
Is  this  correct?     How  would  vou 
determine  when  the  motor  field  has 
the   correct   excitation?     d — Could 
a  self-starting   synchronous   motor 
be    used    in    this    case,    and    whicli 
type   of    machine    would    be    most 
expensive?  j.s.s.    (mich.) 

The  three-phase  k.v.a.  capacity  of 
the  alternator  would  be  approxi- 
mately 570  k.v.a.  The  individual 
si7es  and  total  power  requirement,-; 
of  the  induction  motors  arc  not 
stated,  but  it  is  assumed  from  the 
question  that  with  the  individual  in- 
duction motor  loads  changing  from 
time  to  time,  the  alternator  is  no: 
loaded  at  any  one  time  to  its  full  ca- 
pacity. A  synchronous  motor  could 
then   be  added   as   suggested    in   the 


question     and     could     doubtless     be 
utilized     to     improve    the     operating 
conditions,   especially  as   regards  the 
power-factor    of    the    load.      Details 
covering  this  phase  of  the  matter  are 
given  in  an  article  by  Mr.   Nicholas 
Stahl   in    the   Journal    for   October, 
191 1,    page   943.     It    may   be    stated 
briefly  that  with  the  synchronous  mo- 
tor    field     adjusted     to     the     proper 
strength,  the  synchronous  motor  may 
be    made    to    carry    both    mechanical 
load  and  "condenser  load"  {i.e.,  watt- 
less k.v.a.),  the  latter  serving  to  in- 
crease the  power-factor  of  the  load 
on   the  generator   and    minimize   the 
actual  current  drawn  from  it.    Thus, 
the   generator    will    serve    to    handle- 
only   useful    (real  kw)    load   instead 
of    its   k.v.a.    capacity    having    to    be 
taken    up    in    carrying    out-of-phase 
current   due  to   the  inductive  nature 
of  the   load.     The   wattmeter    which 
it  is  proposed  to  install  on  the  start- 
ing panel  will  not  serve  by  itself  to 
indicate     the     power-factor     of     the 
load.     For  this  purpose  it  would  be 
necessary   also   to   have   a   voltmeter 
and   ammeter.     Or,    what    would   be 
simpler  for  the  present  case,  a  power- 
factor  meter  would  give  the  power- 
factor  conditions  between  the  induc- 
tion  motors   and    the   generator.     If 
the  induction  motor  load  is  relatively 
large,  the  amount  of  mechanical  load 
which    can    be    carried    by    the    syn- 
chronous  motor   will   depend  on  the 
amount  of  corrective  effect  which  is 
required,    through    increase    of    syn- 
chronous   motwr    field    excitation,    to 
raise    the    power-factor    at    the    gen- 
erator.   (See  Figs.  9  and  10,  pp.  953 
and  955.  Oct.,  191 1.)     The  generator 
should  not  be  required  to  carry  much 
over    its    normal    750    amperes    per 
phase  regardless  of  the  power-factor. 
The    guide    in    adjusting    the    field 
strength    of    the    synchronous    motor 
will   l)e  to  give  not  much  over  nor- 
ma!  current   per  phase  in  the  motor 
armature    if    overheating    is    to    be 
avoided  (1.^..  423  amperes  per  phase). 
It   will   probably  he  well  to  have  an 
ammeter  in   the  main   circuit  of   the 
synchronous   motor   and   also   nne  m 
its  field  circuit.  Unless  a  synohrnious 
machine  is  designed  for  power- factor 
correction,  its  fields  are  liable  not  to 
be   able    to   handle    continuously    the 
currents  required  to  give  large  lead- 
ing or  corrective  current  in  its  arma- 
ture and  consequently  there  is  a  limit 
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to  its  available  capacity  for  purely 
corrective  effect.  If  it  is  designed 
for  such  purposes  it  will  handle  its 
full  k.v.a.  at  zero  power-factor  with- 
out undue  heating  of  the  fields. 
Self-starting  synchronous  motors  are 
obtainable  at  a  small  additional  cost 
and  would  make  it  possible  to  start 
with  loads  of  about  30  percent  of 
normal.  It  will  be  evident  from  the 
above  that  upon  employing  a  syn- 
chronous motor  for  power-factor 
correction  on  a  considerable  scale 
the  question  as  to  its  design  for  such 
purposes  should  be  taken  up  with  the 
manufacturers. 

828 — Railway   Motor  Ventilation — 

Much  has  been  said  along  the  line 
of  ventilative  motors,  and  as  the 
tendency  of  the  manufacturers  is 
to  improve  the  recent  design  of 
motors  to  produce  greater  ventila- 
tion, is  it  not  possible  to  over- 
haul some  of  the  older  types  of 
machines  so  as  to  increase  the  ven- 
tilation? As  it  becomes  necessary 
from  time  to  time  to  completely 
dismantle  an  armature,  could  not 
additional  ducts  be  punched  in  the 
armature  laminations  or  discs,  the 
number,  of  course,  depending  on 
the  size  of  the  admature  discs; 
these  holes  to  be  in  perfect  line  one 
with  the  other,  running  longitudi- 
nally, so  as  to  permit  a  greater  air 
circulation?  It  might  'be  said  that 
this  "would  possibly  cause  the  arma- 
ture to  heat  on  account  of  the  iron 
losses,  due  to  stamping  so  much 
of  the  metal  away  in  the  core,  but 
would  not  the  increased  efficiency 
which  would  be  caused  by  the  in- 
creased ventilation  overcome  the 
decrease  in  efficiency  which  might 
be  caused  from  stamping  out 
metal  in  the  core?  Realizing  the 
fact  that  most  all  electric  railroads 
have  more  or  less  of  old  type  ma- 
chines which  cannot  be  disposed  of 
and  that  might  be  improved  by 
some  ventilator  scheme,  I  thought 
this  matter  might  prove  of  general 
interest.  r.n.h.    (ind.) 

The  advantage  gained  by  the  pres- 
ent new  method  of  ventilation  is  due 
to  the  commutator  bush  having  longi- 
tudinal ducts  and  a  fan  being  pro- 
vided to  force  air  through  these  ducts. 
Except  in  these  new  motors,  most 
commutators  have  a  solid  bush  which 
could    not    be    drilled,    and    without 


these  ducts  the  advantage  of  this 
method  of  ventilation  is  lost.  Many 
types  of  motors  will  be  found  to 
have  longitudinal  ducts  already, 
which  are  of  sufficient  capacity  to 
supply  all  the  air  the  ventilating  ducts 
can  use,  so  that  putting  in  more 
longitudinal  ducts  would  simply  in- 
crease the  iron  loss  without  produc- 
ing any  better  ventilation.  l.t. 

829 — High  Voltage  Auto-Transfor- 
mer Connection  —  a — We  have 
two  25  k.v.a.  cycle,  30  000 — 10  000 
to  440  volt,  single-phase  transform- 
ers which  we  desire  to  use  as  auto- 
transformers  by  connecting  the  pri- 
maries of  the  two  units  in  V  to  a 
three-phase,  30000  volt  circuit,  dis- 
regarding the  secondary  windings 
of  the  transformers,  and  employing 
the  10  000  volt  taps  on  the  primary 
winding  of  the  two  transformers 
adjacent  to  their  point  of  connec- 
tion to  obtain  a  secondary  three- 
phase,  10  000  volt  V-connection  as 
shown  in  Fig.  829  (a).  Is  this 
proposed  connection  possible,  prac- 
tical and  safe?  b — Assuming  a 
transformer  such  as  described  used 
as  an  ordinary  single-phase  unit, 
if  a  coil  on  the  high-tension  side 
is  not  needed  should  such  an  idle 
coil  be  short-circuited? 

F.P.M.     (CAL.) 

So  far  as  phase  relation  and  volt- 
age obtained  are  concerned,  this  ar- 
rangement would  be  entirely  satis- 
factory. Its  limitations  as  regards 
current  capacity  will  be  appreciated 
when  it  is  considered  that  the  pri- 
mary winding  of  a  25  k.v.a.,  30000 
volt  transformer  is  designed  for  a 
normal  full-load  current  of  less  than 
one  ampere.  Assuming  that  the 
winding  could  carry  75  percent  over- 
load current  continuously  without 
undue  local  overheating,  the  total 
allowable  current  in  that  section 
which  serves  as  both  primary  and 
secondary  will  be  only  approximately 
1.5  amperes.  The  maximum  over- 
load secondary  k.v.a.  capacity  of  each 
unit  would  be  only  approximately 
10  000x1.5,  or  15  k.v.a.  as  the 
maximum  limit.  The  total  power  in 
the  primary  section  (volts  x  current) 
must  equal  the  total  power  in  the 
secondary  section  (as  explained  in 
No.  668,  Dec,  191 1,  and  303,  Sept., 
1909).  Hence  the  units  would  be 
limited    to    a   maximum   load    of    15 
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k.v.a.  each,  b — In  any  transformer, 
when  connection  is  made  to  a  tap  on 
either  the  primary  or  secondary 
winding  so  that  there  will  be  an  idle 
section  or  coil,  the  free  end  of  this 
section  should  be  left  open-circuited. 
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Fig.    829     (a) 

Norrnal  voltage  per  turn  is  induced 
in,  this  section,  although  it  is  not  in 
circuit,  and  hence  the  effect  of  short- 
circuiting  it  would  probably  be  dis- 
astrous, as  an  excessive  local  current 
would  result.  e.r.s. 

830— Back  Ampere-Turns  — What 
is  understood  by  back  ampere 
turns?  c.j.B.   (ill.) 

When  a  direct-current  machine  is 
operated  with  the  brushes  shifted 
from  the  geometrical  neutral  (for- 
ward shift  for  a  generator,  and  back- 
ward shift  for  a  motor),  that  porti(Mi 
of  the  armature  ampcrc-turns  in- 
cluded between  the  double  angle  of 
lirush  lead  or  lag  from  the  neutral 
produces  a  flux  opposite  in  direction 
to  the  main  field  flnx.  These  arma- 
ture ampcrc-turns.  because  of  their 
demagnetizing  effect,  are  called  "bacTc 
amperc-turns."  For  a  detailed  expla- 
nation sec  Prof.  William  Cramp's 
"Contmuous  Current  Machine  Do- 
sign,"  p.  52,  or  other  good  text-book. 

B.H.C. 

831— Voltage  Regulation  — It  is 
proposed  to  place  a  -'50  kw, 
three  phase,  50  cycle,  6  (xx)  to 
J50  volt,  transformer  at  the  end 
of  a  five-mile  cable  to  supply  a 
lighting  load.  What  is  the  best 
means  of  securing  automatic  reg- 
ulation  on   the   low   tension    side 


within  four  percent  variation? 
Will  the  method  proposed  per- 
mit the  addition  of  a  second 
transformer  in  parallel  with  the 
first,  working  on  one  set  of  low 
tension  bus-bars?  Or  should  ad- 
ditional transformers  be  worked 
as  separate  units?  Would  the 
proposed  method  be  satisfactory 
if  a  motor  load  having  80  percent 
power-factor  were  developed  in 
addition  to  the  lighting  load? 
Are  there  any  details  requiring 
special  attention  to  secure  sat- 
isfactory operation? 

A.H.G.     (ENGLAND.) 

It  would  probably  be  best  to 
use  an  induction  regulator  wound 
for  250  volts  and  control  it  by  re- 
lays (See  article  on  "Feeder  Vol- 
tage Regulation"  in  the  Journal 
for  Nov.,  '12,  p.985).  No  trouble 
will  be  experienced  with  the  motor 
load  with  80  percent  power- 
factor  unless  a  large  motor  is 
switched  on,  when  a  sudden  change 
in  voltage  will  take  place  and  some 
little  time  will  be  required  to  cor- 
rect the  voltage.  A  regulator 
operates  very  quickly,  however, 
and  very  satisfactory  results  are 
obtained  in  circuits  with  motor 
loads.  If  two  sets  of  transformers 
and  regulators  are  to  operate  to- 
gether it  would  be  preferable  to 
connect  the  operating  shafts  of  the 
regulators  together  rigidly  and 
operate  them  as  one  unit.  Poly- 
phase regulators  operate  by  shift- 
ing the  phase  of  the  series  coils 
and  if  operated  in  parallel  and  not 
kept  in  phase,  a  circulating  current 
may  result.  There  would  be  con- 
siderable advantage  in  operating 
two  sets  of  bus-bars  as  the  longer 
circuits  could  be  connected  to  one 
and  the  shorter  circuits  to  the 
other  and  a  better  average  voltage 
could    then   be  obtained.  F.  k.i,. 

832 — Discrepancy  in  Meter  Cali- 
brations— I  have  a  recording 
wattliour  meter,  the  current  coi!^ 
of  which  are  connected  to  the  >«  •- 
ondary  leads  of  a  current  tr.ui-- 
former.  There  are  also  coniuctc'! 
in  series  with  the  current  >-.  i!s  an 
oi\cTload  relay,  an  ammeter,  an 
indicating  wattmeter,  and  a  p«nvcr- 
factor  motor.  I  have  the  same 
condition  on  another  motor  except 
that  the  current  coils  are  connected 
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in  series  in  this  instance  with  an- 
other recording-  watthour  meter,  a 
graphic  recording  wattmeter,  an 
indicating  wattmeter,  an  ammeter, 
and  a  power-factor  meter.  These 
two  meters  check  against  two 
other  wattmeters,  heing  installed 
under  similar  conditions  except 
that  their  current  coils  are  con- 
nected in  series  with  an  indicating 
wattmeter  only.  I  find  a  discrep- 
ancy of  from  one  and  a  half  to 
two  percent  in  the  registration  of 
the  two  sets  of  meters,  the  first 
two  running  slow.  The  transform- 
ers and  meters  are  the  same  in 
construction  and  make,  and 
should  have  the  same  characteris- 
tics. The  four  wattmeters  have 
been  checked  independently  of  the 
transformers  and  found  to  be  ac- 
curate. The  four  wattmeters  are 
all  installed  in  the  same  station, 
therefore,  line  loss  does  not  enter 
into  the  consideration.  The  effect 
is  more  pronounced  on  heavy  load, 
the  power-factor  of  the  circuit  be- 
ing practically  constant  at  all  loads, 
viz.,  between  90  loading  and  90 
lagging.  R.F.w.  (calif.) 

There  is  too  much  load  on  the  cur- 
rent transformers.  The  question  of 
loading  of  motor  transformers  is  dis- 
cussed in  articles  by  Mr.  H.  W. 
Brown  on  "Meter  and  Relay  Con- 
nections," which  appeared  in  various 
issues  of  the  Journal  from  May, 
1909,  inclusive.  See  also  "Current 
Transformer  Characteristics,"  July, 
191 1,  p.  642,  and  "Grouping  of  Cur- 
rent Transformers,"  Nov.  and  Dec, 
191 1,  'pp.  1023  and  1 109.  w.B. 

833 — Starting     and     Excitation     of 
Synchronous     Motor  —  a  —  In 

starting  self-starting  synchronous 
motors,  should  the  motor  field 
winding  ^be  short-circuited  through 
the  field  discharge  resistance  or 
left  open  until  ready  to  close  field 
switch?  b — What  effect  is  pro- 
duced on  the  exciter  of  such  a  syn- 
chronous motor  if  the  motor  falls 
out  of  step  or  if  field  switch  is 
closed  before  machine  reaches  syn- 
chronous speed?  Does  not  this 
tend  to  neutralize  the  field  magnet- 
ism of  the  exciter;  also  to  damage 
insulation?  c — An  exciter  of  this 
kind  refused  to  generate  full  volt- 
age. Tests  showed  four  of  the  six 
field  poles  to  be  devoid  of  magnet- 
ism.   Also  showed  some  four  field 


coils  to  be  perfe'ctly  coal  while  re- 
maining two  were  excessively 
warm.     What   was   pro'bable  cause 

of  this?  C.L.G.    (TEXAS.) 

a — All  synchronous  motors  should 
be  started  with  the  field  short- 
circuited.  This  can  be  done  usually 
most  conveniently  through  the  field 
rheostat  or  exciter  armature.  The 
field  discharges  resistance  may  be 
used  in  case  it  is  designed  so  as  to 
carry  the  current  without  overheat- 
ing. In  case  the  machine  is  started 
with  field  open  its  coils  are  liable  to 
damage  from  the  high  voltage  in- 
duced in  the  field.  There  is  also  an 
element  of  danger  due  to  having  this 
voltage  on  the  switchboard. 

h — When  the  motor  falls  out  of 
step  or  the  field  switch  is  closed 
with  the  machine  not  in  exactly  step, 
an  e.m.f.  is  generated  in  the  field 
coils,  which  circulates  an  alternating 
current  through  the  field  coils  of  the 
motor  and  the  armature  of  the  ex- 
citer. This  will  in  no  way  injure 
either  machine.  The  alternating  cur- 
rent will  tend  to  alternately  increase 
and  decrease  the  field  magnetization. 

c — The  coils  which  were  cool  were 
likely  short-circuited  at  the  terminals, 
so  that  current  was  shunted  around 
the  poles.  The  hot  coils  were  over- 
excited in  any  effort  to  produce  full 
voltage.  The  short-circuit  was  prob- 
ably temporary  and  was  removed  in 
changing  the  frame  and  pole  pieces. 

R.A.M. 

834 — Effect  of  Synchronous  Motor 
on  Line  Power-Factor  —  When 
using  a  synchronous  motor  as  a 
rotary  condenser,  if  it  is  placed 
in  the  station  will  it  raise  the 
power-factor  on  )the|  transmisr 
sion  line  or  only  through  the 
generator?  l.a.f.    (mass.) 

The  power-factor  of  the  load  on 
the  station  is  determined  by  the 
relative  amount  of  inductive  com- 
ponent of  the  load  plus  the  induc- 
tive effect  of  the  line.  An  induc- 
tive load,  such  as  induction  mo- 
tors, requires  a  greater  amount  of 
magnetic  field  excitation  than  a 
non-inductive  load  of  the  same  kw 
(real  or  in  phase)  power.  If  this 
excitation  is  furnished  at  the  load 
by  means  of  a  synchronous  motor 
operating  with  strong  field,  this 
serves  to  relieve  the  transmission 
line  and  the  generator  at  the  pow- 
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er  house  of  the  additional  current 
required  to  supply  this  excitation 
to  the  load.  As  this  extra  current 
exists  only  as  an  out-of-phase 
component,  its  elimination  results 
in  higher  power-factor  of  both  the 
line  and  the  generator  at  the 
power  house.  If  the  synchronous 
motor  is  located  at  the  power 
house,  obviously  only  the  power- 
factor  of  the  load  at  the  genera- 
tors is  raised  while  the  line  will 
have  to  carry  the  wattless  (or  out- 
of-phase)  exciting  current  to  the 
inductive  load.  This  is  discussed 
in  an  article  by  Mr.  N.  Stahl  in  the 
JoURN.^L  for  Oct,  191 1,  Fig.  826,  and 
in  article  on  "Improving  Power- 
Factor  of  Industrial  Load"  in  the 
Journal  for  July,  1912.  e.r.s. 

835 — Parallel  Operation  of  Direct- 
Current  and  Double  -  Current 
Generators — In  a  street  railway 
plant  a  direct-current  generator 
driven  by  water  wheel  and  a  double 
current  generator  driven  by  steam 
engine  are  operated  in  parallel  on 
direct-current  bus-bars  with  an 
equalizer  connecting  the  two  ma- 
chines between  the  negative  brushes 
and  the  series  field,  the  latter  being 
connected  to  the  negative  bus-bars. 
The  double  current  generator  is 
three-phase  on  the  alternating  side. 
Suppose  there  is  at  times  sufficient 
alternating-current  load  to  appre- 
ciably slow  down  the  double-cur- 
rent generator  B.  Will  not  the  di- 
rect-current generator  A  send  cur- 
rent through  B  and  tend  to  drive 
it  as  an  inverted  rotary  converter 
thereby  making  it  possible  to  utilize 
both  A  and  B  to  supply  the  alter- 
nating-current load?  With  con- 
nections as  in  Fig.  835  (a)  the  cur- 
rent from  A  will  apparently  follow 
the  arrows  and  practically  cut  out 
the  scries  field.  Aside  from  the 
question  of  limit  of  capacity  of  P 
I  should  like  to  know  if  tlie  above 
operation  is  not  practicable. 

L.A.F.    (MASS.) 

As  the  alternating-current  load 
comes  on,  the  reduced  speed,  together 
with  the  internal  inductive  drop  of 
B.  decreases  its  terminal  voltage, 
thereby  shifting  part  of  all  of  its  or- 
iginal direct-current  load  to  A.  If 
tlie  entire  direct-current  load  were 
shifted  to  .-/.  no  direct-current  would 
flow  in  the  armature  of  B.  although 


its  series  field  would  still  retain 
the  same  excitation  as  formerly,  its 
current  passing  through  the  equalizer 
and  returning  to  the  armature  of  A. 
as  indicated  in  Fig.  835  (a).  If  the 
voltage  of  B  drops  off  still  further,  B 
tends  to  operate  as  a  motor  from  A. 
current  flowing  through  the  local  cir- 
cuit consisting  of  the  two  armatures 
and  positive  and  equalizer  bus-bars. 
This  would  not  alter  B's  series  exci- 
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Fig.    835    (a),    (b),    (c),    (d)    and    (e) 

tation,  however,  as  this  is  entirely 
dependent  upon  the  direct-current 
load  and  the  relative  resistance  of  the 
two  series  fields  between  the  negative 
and  equalizer  buses.  It  is  evident, 
therefore,  that  either  poor  engine 
regulation  on  the  double-current  gen- 
erator or  a  heavy  internal  inductive 
drop  from  the  alternating-current 
load  would  cause  B  to  operate  in- 
verted, and  to  this  extent  A  would 
assist  in  supply  alternating-current 
load.  See  Nos.  57,  May,  1908,  64.^ 
November,  191 1,  and  718,  Marcli. 
1912.  R.n.T. 

836^Performance  of  I  n  d  u  c  t  i  on 
Motor  at  Different  Speeds — Sup- 
pose a  standard  induction  motor 
with  squirrel  cage  secondary 
runs  at  900  r.p.ni.  synchronous 
speed  on  a  60  cycle  circuit,  and 
it  is  desired  to  rewind  this  mo- 
tor for  a  different  speed.  How 
much  variation  in  speed  either 
way  from  original  can  a  motor 
stand?  Or  putting  the  question 
in  another  way.  suppose  it  is  de- 
sired to  rewind  the  motor  to  run 
either  at  720  or  1  200  r.p.m.  syn- 
clironous  speed;  liow  will  thq 
operating  characteristics,  stich 
as  slip,  torque,  hp  and  heating 
be  affected?  Can  the  secondary 
stand  much  increase  in 

E.F.    (V:  R) 

The  variation  in  speed  that  an 
induction  motor  can  stand  depends 
on  how  much  the  iron  core  is  sat- 
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urated,  and  also  on  the  heating  of 
the  motor.  If  saturation  is  not  too 
high,  the  number  of  poles  can  be 
decreased  and  if  the  heating  is  not 
too  great,  the  number  of  poles  can 
be  increased.  In  changing  from 
eight  poles  to  ten  or  six  poles,  the 
output  varies  approximately  in  pro- 
portion to  the  speed.  The  power- 
factor  at  higher  speed  will  be  bet- 
ter as  the  magnetizing  current  and 
the  leakage  are  lower.  On  the 
contrary  the  power-factor  will  be 
worse  at  lower  speeds.  At  the 
higher  speed,  (6  poles),  the  motor 
will  have  higher  pull-out  torque, 
better  efficiency  and  slightly  less 
slip  and  the  opposite  will  happen 
at  the  lower  speed.  The  torque 
will  remain  practically  the  same  at 
all  speeds  if  the  hp  varies  with  the 
speed.  For  ordinary  standard  mo- 
tors, the  rotor  can  stand  mechan- 
ically all  variation  in  speed  from 
6  poles  to  12  poles  inclusive.         g.p. 

837 — Slip  Regulators — In  a  large 
electrical  factory  I  saw  a  piece 
of  apparatus  called  a  slip  regula- 
tor. Will  you  please  tell  me 
what  this  is  used  for  and  how  it 
operates.  r.d.w.  (penna.) 

These  regulators  are  used  for 
load  equalizing  purposes  on 
wound-rotor  induction  motor  driv- 
ing machines  which  are  subject  to 
a  fluctuating  load  such  as  mine 
hoists,  unloading  docks,  or  rolling 
mills.  These  prevent  sudden 
overload  on  the  motor,  generators 
and  transmission  line.  The  regu- 
lators consists  of  three  movable 
insulated  electrodes  and  three  fixed 
electrodes  in  an  iron  tank.  Direct- 
ly over  each  fixed  electrode  is  a 
movable  one;  the  latter  three  are 
connected  to  the  slip  rings  of  the 
motor.  The  movable  electrodes 
are  raised  and  lowered  by  a  torque 
motor  or  "motor  magnet,"  thereby 
increasing  or  decreasing  the  resis- 
tances. The  motor  is  so  connec- 
ted through  series  transformers  to 
the  line  that  when  the  load  ex- 
ceeds a  predetermined  value  the 
electrodes  are  raised  and  the  liquid 
resistance  in  the  rotor  circuit  is  in- 
creased, which  slows  down  the  mo- 
tor, causing  the  flywheel  on  the 
motor  shaft  to  take  the  load.  On 
the  other  hand,  if  the  load  falls 
below  this  point,  the  torque  motor 


allows  the  electrodes  to  move  to- 
gether thereby  decreasing  the  re- 
sistance, which  causes  the  motor  to 
accelerate  the  flywheel  and  thus 
tends  to  keep  the  load  up  to  this 
predetermined  point.  h.w.b. 

838 — Unsymmetrical  Form  Wound 
Armature  Coils — Why  are,  arma- 
ture and  stator  coils  made  of  dif- 
ferent lengths  on  the  two  sides 
going  in  the  slots.  Should  the 
short  side  go  into  the  bottom  of 
the  slot.  It  is  noted  also  that 
the  end  connections  of  such  coils 
are  also  of  unequal  length  on  the 
two  halves  at  each   end. 

w.F.s.  (calif.) 
The  two  sides  of  the  form  wound 
type  of  coil  and  the  two  halves  of 
the  end  connections  are  often 
made  of  slightly  different  length, 
the  purpose  being  to  make  it 
easier  to  arrange  the  end  portions 
of  the  coils  without  interference. 
The  mechanical  arrangement  is 
the  prime  reason  involved.  The 
short  side  of  the  coil  should  al- 
ways   go    into    the    bottom    of    the 

slot.  G.E.M. 

839 — Galvanized  Iron  Wire — What 
is  a  good  practical  way  of  telling 
whether  iron  wire  is  probably  gal- 
vanized so  that  it  can  be  used  with- 
out danger  of  rusting. 

w.i.H.  (d.  of  c.) 
The  following  is  the  standard 
method  of  testing  galvanized  iron  or 
steel.  A  solution  is  made  up  consist- 
ing of  copper  sulphate  crystals  dis- 
solved in  cold  water,  in  about  the 
proportions  of  36  parts  by  weight  of 
crystals  to  100  parts  by  weight  of 
water,  and  a  little  curpric  oxide  is 
added  to  the  solution.  After  filtering 
the  solution,  it  should  have  a  specific 
gravity  of  1.186  at  65  degrees  F. 
Samples  of  the  wire  should  be  pre- 
pared so  that  they  can  he  conven- 
iently immersed  in  the  solution.  The 
temperature  of  the  solution  should  be 
maintained  at  62  to  68  degrees  F.,  and 
the  sample  should  'be  immersed  for 
one  minute,  then  washed  and  wiped 
dry.  Immerse  a  second,  third  and 
fourth  time,  each  time  for  one  min- 
ute, and  wash  and  wipe  dry.  Bright 
metallic  copper  will  deposit  on  the 
sample  and,  as  soon  as  the  zinc  is 
removed,  will  adhere  firmly  to  the 
exposed  iron.  The  wire  should  in  all 
cases  withstand  the  four  dips  without 
the  copper  deposit  adhering,    b.w.e.m, 
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PERSONALS 


Mr.  L.  O.  Veser,  who  has  been  in 
charge  of  construction  work  for  the 
Mahoning  &  Shenango  Railway  &  Light 
Company,  of  Youngstown,  Ohio,  has 
been  appointed  chief  engineer  of  the 
company,  succeeding  Mr.  G.  N.  Lem- 
mon.  resigned.  Mr.  W.  A.  Acker,  for- 
merly superintendent  of  transmission 
lines  of  this  company,  has  been  ap- 
pointed electrical  engineer.  Mr.  W.  A. 
Butler,  who  has  had  charge  of  the 
power  house  at  Youngstown  for  a  num- 
ber of  years,  has  been  appointed  engi- 
neer of  power  houses  of  this  company. 


Mr.  E.  R.  Spencer,  formerly  an  as- 
sistant editor  of  The  Electric  Journal. 
is  now  employed  by  the  Allis-Chalmers 
Company  as  commercial  engineer,  and 
is  for  the  present  located  at  their  Pitts- 
burgh office. 


Mr.  Frank  F.  Fowle,  one  of  the  edi- 
tors of  the  Electrical  World,  has  sev- 
ered his  connection  with  the  McGraw 
Publishing  Company  to  resume  consult- 
ing engineering  practice  with  offices  at 
6q  Maiden  Lane,  New  York  City. 


Mr.  E.  T.  Penrose,  formerly  of  the 
Philadelphia  district  office  of  the  West- 
inghouse  Electric  &  Mfg.  Company, 
later  general  manager  of  the  Penn- 
Ccntral  Light  &  Power  Company,  of 
Altoona.  and  more  recently  electrical 
engineer  of  the  Pennsylvania  Coal  & 
Coke  Company,  has  recently  joined  the 
staff  of  the  Electric  Bond  &  Share 
Company. 


Mr  .Xrthur  Walser,  formerly  of  the 
Philadelphia  office  of  the  Fort  Wayne 
Electric  Works,  has  changed  his  posi- 
tion to  the  power  and  mining  depart- 
ment. General  Electric  Companv,  First 
Natl    Bank   Bldg..   Denver,   Cobrado. 


Nlr.  }|  W  Smith,  who  was  on  the 
engineering  apprenticeship  course  of 
the  Wcstinghousc  Electric  &  Mfg.  Com- 
pany, looQ-ioil.  is  returning  tn  Austra- 
lia to  take  up  engineering  work  there. 
.•\fter  leaving  Pittsburgh  Mr.  Smith  was 
engaged  in  sales  work  in  the  Chicago 
and  Milwaukee  district  offices,  and  later 
was  engaged  in  railway  work  with  the 
Chicago.  Lake  Shore  &  South  Bend 
Railway  and  in  central  station  work 
with  the  San  Diego  Consolidated  Gas  & 
Electric  Company.  San  Diego,  Cal. 


Mr.  W.  F.  Wells  has  been  appointed 
general  manager  of  the  Edison  Electric 
Illuminating  Company  of  Brooklyn,  to 
succeed  Mr.  W.  W.  Freeman,  who  re- 
cently resigned  to  become  vice-president 
and  general  manager  of  the  Alabama 
Interstate  Power  Company.  Birming- 
ham, Ala. 


Mr.  S.  P.  Grace,  plant  superintendent 
of  the  Central  District  &  Printing  Tele- 
graph Company  at  Pittsburgh,  has  re- 
moved to  Philadelphia,  where  he  has 
been  appointed  engineer  of  out- 
side plant  of  the  Bell  Telephone 
Company  of  Pennsylvania.  He  is  suc- 
ceeded at  Pittsburgh  by  Mr.  B.  Stryker, 
of  the  Bell  Company  at  Harrisburg,  Pa. 


Mr.  R.  F.  Gooding,  of  the  Allegheny 
County  Light  Company,  has  accepted  a 
position  in  the  switchboard  engineering 
department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company  at  East  Pitts- 
burgh. 


Mr.  Henry  T.  Gayley,  formerly  of 
the  sales  department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  at  East 
Pittsburgh,  and  more  recently  of  the 
Philadelphia  district  office,  has  accepted 
a  position  as  engineer  with  The  United 
Gas  Improvement  Company.  Philadel- 
phia, Pa. 


The  National  Engineer  for  November, 
1912,  contains  a  reprint  of  the  article  by 
Mr.  W.  A.  Dick,  entitled  "Notes  on  a 
Large  Unipolar  Generator,"  from  the 
Journal  for  September. 


PITTSBURGH  A.  I.  E.  E.  ANNUAL  BANQUET 


The  annual  banquet  of  the  Pittsburgh 
Section  of  the  .\merican  Institute  of 
Electrical  Engineers  is  to  be  held  Feb- 
ruary 8th  at  the  Hotel  Schcnley.  The 
list  of  speakers  includes. — Mr.  H.  E. 
Longwcll,  consulting  engineer  of  The 
Westinghouse  Machine  Company,  toast- 
master;  Mr.  Ralph  D.  Mcrshon,  presi- 
dent of  the  Institute;  Chancellor  Mc- 
Cormick,  of  the  University  of  Pitts- 
burgh; Dr.  Walther  Riddle  and  Mr. 
Maurice  Knowles. 


WANTED. 
College  graduates  in  electrical  en- 
gineering for  work  in  our  testing  de- 
partments.  Good  opportunities  for 
experience  and  advancement.  Apply 
Employment  Department.  Box  911. 
Pittsburgh,   Pa. 
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In  The  World 


is  at  your 
disposal 
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for  a 

solution  of 
your  varnish 
and  paint 
specialty 
requirements 

Let  US 
Help  You 

The  Glidden 
Varnish  Co. 

FACTORIES:  Cleveland, 0.  Toronto,  Can. 
BRANCHES:  New  York.  Chicago.  London 


The  Smile  of 
Satisfaction 

will  surely  appear  the 
first  time  you  use  a  Hoi- 
brook  HIDE  FACED 
HAMMER  or  RAW 
HIDE  MALLET. 

Judging  from  the  experi- 
ence of  others  we  can 
safely  say  you  will  have 

A  Smile  That 
on't  Come  Off 


Give  them  a  trial 
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We  prefer  not  to  knock 
other  styles  of  Ham- 
mers, bwt  will  leave  the 
decision  with  you. 
Knowing  that  you  can 
do  the  knocking  without 
bruising  the  material 
you  are  at  work  upon 
if  you  use  our  RAW 
HIDE  HAMMERS 
or  MALLETS. 

Made  from  Raw 
hide  and  by  US 


HOLBROOK 

RAWHIDE 
COMPANY 

Manufacturers 

Providence,  R.  I. 

WriSe  for  Ca'alcgue  Ef. 
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Industrial  progress  depends  upon  progress  made; 
Progress  in       first,    in    simplifying    the    method    of    production; 
Industrial        second,    in    increasing    the    economy    in    the    use 
Motor  Design   "^  materials  constituting  the  manufactured  pro- 
duct,    and     third,     in     adapting     a     product     so 
that  it  can   be   widely  and  usefully  applied.     In   the   industrial 
applications   of  electricity,   progress   depends   largely   upon    the 
adaptalMlity  of  mentors  to  the  recjuirements  of  various  industries. 
The   most   successful   motor   for   all   around   application   is   one 
which    has    good    electrical    and    mechanical    performance,    and 
that  is  of  such   proportions  that  it   can   easily  be  applied  as  a 
part  of  the  machine  it  is  to  drive.     The  more  fool-proof  a  motor 
is  the  wider  will   be   its   field  of  application. 

The  article  by  Mr.  C.  W.  Starker,  entitled  "A  Step  of  Pro- 
gress in  Motor  Manufacture,"  in  this  issue  of  the  Journal, 
describes  how  a  direct-current  motor,  involving  an  entirely  new 
departure  in  design,  is  being  constructed  and  shows  the  de- 
cided simi)licity  of  its  operation  and  the  high  quality  of  mater- 
ial used,  lie  fore  adojHing  such  radical  changes  in  motor  de- 
->ign  no  detail  of  design,  and  no  method  o{  construction  and 
iii»  material  has  been  adopted  until  it  has  been  proved  beyond 
till-  possibility  of  doubt  to  be  the  best  available  for  the  pur- 
pose. All  non-essentials  ha\e  l)ecn  omitted,  tlie  aim  having  been 
to  meet  the  most  general  demands  in  the  most  satisfactory 
manner.  Superfluous  material  and  unnecessary  losses  have 
been  eliminated  at  every  possible  point,  resulting  in  a  motor  oi 
minimum  weight,  consistent  with  the  re(|ui>te  strength  and 
high  ol'ticiencies. 

At  first  sight,  the  light  weight  <if  these  motors  may  <eem 
to  be  i-tbtaincd  by  cc<Miomizing  too  much  in  material.  This,  how- 
ever, i-^  not  the  case;  the  liglit  weight  is  due  entirely  to  tlic 
inherent  characteristics  of  the  motor  and  the  quality  of  th'j 
material   u->l(1   in   its  construction. 
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One  of  the  principal  features  in  determining  the  success 
of  a  direct-current  motor  is  its  commutation.  Before  commu- 
tating  poles  were  used,  the  limit  in  overload  capacity  on  this 
type  of  motor  was  its  commutation.  By  proper  design  of 
commutating  poles,  this  is  no  more  the  case  l)ut,  like  the 
squirrel  cage  induction  motor,  if  properly  designed,  the  commu- 
tating pole  motor  is  limited  in  overload  capacity  by  tempera- 
ture rise  only.  Among  other  things,  commutation  depends 
on  the  ratio  of  the  number  of  armatttre  ampere-turns  to  the 
number  of  field  ampere-turns,  and  on  the  air-gap.  For  good 
commutation  a  non-interpole  motor  must  have  a  strong  tield, 
i.  e.,  a  large  amount  of  copper  on  the  field  poles  and  large 
cross-section  of  iron  in  the  magnetic  circuit.  The  counteract- 
ing ampere-turns  produced  by  the  armature  current  must  be 
comparatively  small ;  hence,  the  number  of  turns  on  the  arma- 
ture must  be  kept  down.  The  air-gap  must  also  be  large  so 
as  to  ofifer  sufficient  reluctance  to  the  magnetomotive  force 
produced  by  the  armature  ampere-turns  and  to  produce  a  stiff 
field,  i.  e.,  a  field  not  easily  distorted  by  armature  reaction. 

In  an  interpole  motor,  however,  the  armature  ampere- 
turns,  are  counteracted  by  the  interpole  windings.  More 
armature  turns,  a  smaller  air-gap,  lighter  field  coils,  and  small- 
er cross-section  of  the  entire  magnetic  circuit  are,  therefore, 
possible.  In  the  new  type  motors  these  principles  have  been 
utilized  to  the  maximum  extent.  With  a  slightly  decreased 
air-gap  and  the  use  of  interpoles,  the  weight  of  the  entire  mag- 
netic circuit  has  been  reduced,  resulting  in  considerably  lighter 
motors,  without  sacrificing  electrical  performance  or  mechanical 
strength.  The  reduction  in  the  cross-section  of  the  magnetic 
circuit  does  not  afYect  the  rigidity  of  the  motor,  since  the  sec- 
tion necessary  for  magnetic  purposes  is  far  in  excess  of  that 
required  for  mechanical  strength. 

When  commutating  poles  are  used  it  is  very  important  to 
keep  the  brushes  set  on  the  neural — a  definite  position.  Thus, 
as  in  railway  practice,  it  has  been  found  best  practice,  on  indus- 
trial commutating-pole  motors,  to  mount  the  brushes  in  a  fixed 
position.  By  doing  so,  a  large  number  of  troubles  due  to  the 
improper  setting  of  brushes,  by  those  not  familiar  with  the  oper- 
ation of  electrical  machinery,  are  eliminated.  Thus,  a  direct- 
current   motor  has   been   developed  that  is   practically   as   fool- 
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proof  as  the  squirrel  cage  induction  motor  and  that  can  be  operated 
without  the  supervision  of  skilled  electricians. 

The  success  of  this  type  of  motor,  in  the  short  time  it  has 
been  on  the  market,  is  an  indication  that  this  mehod  of  con- 
sruction,  which  is  still  in  infancy,  will  find  successful  applica- 
tion in  other  classes  of  apparatus  in  the  electrical  industry.  The 
advantage  gained  thereby  will  have  a  marked  effect  upon  the 
progress  made  in  the  application  of  electricity  to  the  various 
industries  on  account  of  the  simplificaion  of  manufacturing 
operations,  resulting  in  the  possibility  of  manufacturing  in  large 
quantities  and  thus  obtaining  quick  deliveries. 

A.    G.    POPCKE 


During  the  Summer  of  1906  a  motor  salesman  in 

Cirowtn  of       ^j^^  employ  of  one  of  the  large  electrical  com- 

ra  panics  opened  a  campaign  in  Western  Pennsyi- 

*  '°"         vania    and    Ohio    to    sell    motors    through    the 

Power  Load  ^i^^-  -ni  ^j  ^4. 

central  stations,      i  he  plan  was  to  demonstrate 

ti)  the  manufacturers  in  this  district  that  it  would  be  economi- 
cal to  abandon  their  steam  power  plants,  use  motors  to  drive 
their  machinery  and  purchase  power  from  the  local  electric 
light  company.  One  of  the  greatest  difficulties  encountered 
was  to  get  the  necessary  support  and  cooperation  from  the 
lighting  companies.  It  was  seldom  that  they  would  lend  ac- 
tive assistance  towards  closing  business,  and  the  rates  quoted 
would  frequently  be  discouragingly  hi.t,^h.  Rarely  would  they 
name  a  rate  lower  than  five  cents  per  kilowatt-hour,  and  many 
times  eight  cents  would  be  the  best  figure  quoted.  Sometimes 
it  wouUl  require  as  much  effort  to  get  the  support  of  the  light- 
ing company  as  was  afterwards  required  to  close  a  contract 
with  a  power  customer. 

.Xnother  difficulty  was  the  attitude  of  the  manufacturers 
towards  central  station  service.  When  opening  a  negotiation 
with  them  the  utmost  dii)lomacy  had  to  be  used  in  presentini; 
the  proposition.  Often  it  was  first  necessary  to  interest  them 
by  explaining  the  advantages  of  electric  drive,  as  it  was  not 
advisable  t«i  take  up  the  (juestion  of  power  until  their  conti- 
dence  had  been  secured.  They  judged  the  cost  of  purchased 
power  by  its  cost  for  lighting  in  their  homes.  This  attitude 
was,  in  a  measure,  due  to  the  attitude  of  the  lighting  companies, 
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many  of  whom  were  entirely  satisfied  with  their  lighting  load. 
Their  power  field  they  considered  to  consist  of  furnishing  ser- 
vice to  a  few  small  users  for  operating  motors  to  drive  ice 
cream  freezers,  meat  choppers,  coffee  mills,  etc. 

During  the  next  year  several  negotiations  were  closed  with 
manufacturers,  who  were  then  considered  large  users  for  central 
station  service.  Other  lighting  companies  became  interested 
and  began  to  appreciate  the  important  eft'ect  that  power  busi- 
ness had  upon  their  revenue.  Rates  were  reduced,  and  mana- 
gers were  more  ready  to  cooperate  with  any  of  the  motor  sales- 
men who  would  lend  them  assistance.  Practically  all  the  deals 
closed  were  with  small  manufacturers.  It  was  seldom  that  the 
total  motor  capacity  exceeded  100  horse-power.  Even  at  this 
time  many  believed  that  it  was  only  the  smaller  manufacturers 
who  could  afford  to  use  central  station  service,  and  that  the 
larger  ones  could  make  power  as  cheaply  as  they  could  buy  it. 

The  business  secured,  however,  represented  the  highest  type 
of  salesmanship — creating  business.  In  nearly  every  case  the 
manufacturer  had  not  even  thought  of  making  a  change.  The 
proposition  put  before  him  was  so  out  of  the  ordinary  that  it 
aroused  his  curiosity.  The  enthusiasm  and  confidence  of  the 
parties  presenting  the  proposition  would  finally  change  his  curi- 
osity into  real  interest.  After  his  interest  had  been  secured 
careful  handling  and  patience  were  required  to  lead  him  along 
until  his  interest  became  a  desire  for  the  service.  This  class  of 
business  required  little  engineering — it  was  essentially  a  sales 
proposition. 

As  time  went  on  a  few  power  companies  began  to  appreci- 
ate the  fact  that  the  larger  manufacturers  could  afford  to  use 
their  service.  The  success  of  these  few  central  stations  spurred 
others  to  greater  activity.  Many  of  them  thought  that  to  get 
this  business  required  only  a  low  rate.  This  secured  a  certain 
amount  of  business,  but  simply  naming  a  low  rate  will  not 
secure  all  of  the  business  obtainaljle.  Rates  are  quoted  at  so 
much  per  kilowatt-hour,  and  it  is  an  exception  to  find  a  manu- 
facturer who  knows  the  quantity  of  power  he  requires.  There- 
fore, he  is  unable  to  appreciate  whether  he  is  offered  a  good 
proposition  or  not.  This  method  of  selling  power  has  a  ten- 
dency to  bring  about  lower  rates  than  necessary,  due  to  the  fact 
that  the  power  conipani^s  are  always  in  competition  with  the 
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rate  at  which  the  inamitacturer  bcHcvcs  he  is  producing  his  own 
power.  He  usually  arrives  at  his  estimate  by  asking  his  man  in 
the  engine  room  what  the  average  load  is.  He  then  multiplies 
this  by  the  number  of  hours  operation  and  divides  it  into  his 
total  operating  costs.  The  chances  are  that  he  is  really  generat- 
ing a  considerably  smaller  amount  of  power  and  again,  in  his 
costs,  he  entirely  neglects  his  fixed  cliarges.  Uf  course,  with 
such  figuring  he  finds  that  he  is  generating  power  at  a  very 
low   cost. 

The  central  stations  who  are  selling  their  service  to  the  large 
manufacturers  at  equitable  rates  are  the  ones  who  do  the  neces- 
sary engineering  in  the  prospect's  plant  to  show  the  quantity 
of  power  required  and  the  present  cost  per  unit.  These  com- 
panies are  then  in  competition  with  the  manufacturers'  actual 
cost — not  estimated  costs.  Also,  with  his  information  at  hand  the 
manufacurer  can  then  make  a  comparison  with  the  rate  named 
by  the  lighting  company.  He  can  see  the  actual  saving  to  be 
made,  along  with  the  other  advantages  to  be  secured.  This 
enables  the  lighting  companies  to  close  business  at  a  higher  rate 
than  would  be  possible  if  this  work  had  not  been  done.  Selling 
power  to  the  large  manufacturers  requires  a  combination  of 
both  engineering  and  sales  experience — engineering  to  obtain 
the  neces.^ary  data,  and  salesmanship  to  present  it  in  a  con- 
vincing manner  and  close   the  deal. 

An  idea  of  the  growth  of  the  central  station  power  business 
can  be  had  by  referring  to  the  U.  S.  Census.  This  shows  that 
in  1912  the  total  income  of  the  central  stations  fmm  motors  was 
$85534000;  an  increa.se  of  764  percent  in  ten  years.  This 
growth  is  even  ni«ire  wonderful  when  it  is  considered  that  the 
major  portioy  of  this  increase  was  secured  during  the  past  five 
years.  The  gross  income  of  all  ])owcr  ctmipanies  in  1012  was 
$377^30000 — an  increase  of  340  percent  in  ten  years.  The 
resident  and  commercial  customers  arc  using  more  light  than 
ever  before;  also  the  streets  are  better  lighted.  However,  the 
income  from  this  source  increased  22U  percent,  as  compared 
with  the  increase  in  income  from  motors  of  764  jicrcent.  The 
latter  figure  indicates  the  future  held  of  the  power  conij)nnies. 
.\  better  idea  of  the  important  position,  now  nccuj)ie(|  by  the 
central  station  as  an  industry,  may  be  formeil  by  comparing  its 
capital  of  $-'500000000,  and  that  invested  in  all  manufacturing  cs- 
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tablishments  of  $18428270000.  In  other  words,  there  is  13.5  per- 
cent as  much  capital  invested  in  the  central  station  industry  as 
there  is  invested  in  all  manufacturing  establishments  in  the 
United  States.  The  capital  of  the  central  stations  increased 
379  percent  in  ten  years.  The  primary  horse-power  increased 
417  percent.  This  indicates  that  the  greater  part  of  the  increased 
capital  must  have  spent  for  new  equipment. 

An  analysis  of  the  class  of  power  users  served  by  the  power 
companies  will  show,  in  almost  every  instance,  that  of  the  total 
number  of  power  users,  the  majority  use  purchased  power,  but 
offsetting  this,  it  will  also  show  that  of  the  total  horse-power 
used  in  the  territory,  only  a  small  portion  is  central  power  ser- 
vice. This  indicates  that  the  power  companies  have  been  most 
successful  with  the  smaller  users. 

Today  the  power  companies  are  meeting  with  splendid 
success  with  the  larger  manufacturers.  In  the  Pittsburgh  district 
there  are  many  installations  ranging  from  i  500  to  3  000  horse- 
power, some  even  larger,  now  operated  by  central  station  power. 

Estimates  based  upon  the  U.  S.  Census  reports  show  that 
today,  of  the  total  power  used  in  manufacturing,  12  percent 
is  central  station  service.  At  the  close  of  the  next  ten  years  we 
should  see  at  least  40  percent  of  all  power  used  in  manufactur- 
ing, connected  to  the  power  companies  lines.  If  this  is  accom- 
plished their  revenue  from  motors  will  then  be  $285  115  000,  with- 
out taking  into  consideration  the  probable  increase  in  the  demand 
for  power  for  manufacturing  operations  during  the  next  decade. 
This  means  an  increase  of  234  percent.  Does  this  figure  appear 
to  be  over-estimated  when  we  consider  that  there  was  an 
increase  of  764  percent  during  the  last  ten  years?  In  this 
period  the  primary  horse-power  in  manufacturing  establish- 
ments increased  85.7  percent.  At  the  end  of  the  next  period 
many  manufacturers  will  have  outgrown  their  present  power 
plants  and  other  plants,  now  giving  good  service,  will  have 
become  obsolete  or  worn  out.  These  will  some  day  be  users 
of  central  station  power. 

A.   E.  RiCKARDS 


A  STEP  OF  PROGRESS  IN  A\OTOR  MANUFACTURE 

C.  W.  STARKER 

PROGRl'LSS  in  the  use  of  materials  has  usually  been  marked  by 
an  advance  from  the  inferior  material  easy  to  obtain  and  easy 
to  work,  to  a  higher  grade  of  material,  requiring  a  greater 
degree  of  development  for  its  utilization.  The  same  process  of  ad- 
vancement continuously  repeats  itself.  Buildings  and  bridges,  for- 
merly of  wood,  progressed  t(j  stone  and  from  stone  to  structural 
steel.  Many  household  articles  are  now  drop  forged  or  pressed  from 
steel  after  having  gone  through  the  successive  steps  of  development 


FIG.     I — COMPARATIVF    SIZE    OF    CAST    IRil\    ANP    ROLLKD    STKEL 
FR.\MF.S   OF   SAME  CAPACITY 

from  wood  to  cast  iron,  from  ca.st  iron  to  malleable  iron  and  finallv 
to  the  .steel  forging.  Things  which  at  first  glance  do  not  appear  to 
lend  themselves  very  readily  to  pressed  steel  construction,  like  a 
freight  car  or  a  bath  tub  are  now  manufactured  under  the  press. 

Jn  all  of  these  cases  the  new  method  resulted  in  more  duraiile 
work,  more  accurate  duplicates  and  if  only  made  in  sufficient 
(juantitics,  in  a  cheaper  tln^ugh  lx?tter  product.  In  almost  every 
case,  parts  made  by  the  more  advanced  process,  arc  lighter  and  less 
bulky  for  the  same  strength.  True,  the  more  perfect  the  product, 
the  higher  will  be  the  demand  for  quality  in  machine  tools,  ma- 
terials and  the  human  element  behind  it  all.     While  wood  work 
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required  only  simple  tools,  castings  required  furnaces  and  mould- 
ing machines;  steel  plate  and  wire  require  rolling  mills  for  their 
production  and  steam  hammers,  forging  presses  and  dies  to  trans- 
form them  to  the  desired  shapes. 

In  the  electrical  industry  one  of  the  newer  developments  is  the 
"all  steel  motor"  for  industrial  work.  In  this  article  a  description 
is  given  of  the  principal  processes  in  the  manufacture  of  the  direct 
current  motor  known  as  the  "SK"  type,  as  built  by  the  Westing- 
house    Electric    and    Mfg.    Company,    so    far    as    they    show    the 


FJG.    2 — WELDING   FRAME   RINGS   INTO   A   COMPLETE    MAGNETIC    CIRCUIT 
BY    THE    BERNARDOS    ARC    WELDING    PROCESS 


"pressed  steel  idea"  as  applied  to  motor  manufacture.  The  process- 
es described  are,  of  course,  not  limited  to  direct  current  motors; 
in  fact  it  is  contemplated  to  use  the  same  ideas  and  principles  in 
the  manufacture  of  other  apparatus. 

For  direct-current  motors,  it  has  long  been  recognized  that 
cast  iron  makes  a  very  heavy  and  bulky  yoke,  as  a  very  large 
cross-section  is  required  for  magnetic  purposes.  Cast  steel  is  better, 
but  a  good  grade  is  expensive  and  there  is,  as  with  every  steel  cast- 
ing the  danger  of  blow  holes  and  often  the  difficulty  in  obtaining 
quick  deliveries  from  the  steel  foundries.     The  "SK"  motor  has  a 
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yoke  made  from  hot  rolled  steel  plate  which  has  the  same  high 
magnetic  characteristics  as  the  piinchings  used  in  the  armature 
and  can  have  no  imperfections  in  it.-,  structure.  The  cross-section 
may,  therefore,  be  small  and  the  yoke  will  be  much  lighter.  The 
relative  size  of  the  cast  iron  frame  com})ared  with  the  new  rolled 
steel  frame,  is  shown  in  Fig.  i,  which  shows  two  motor  frames  of 
the  same  capacity. 

These  frame  rings  are  rolled  from  straight  slabs  on  a  rolling 
machine  especially  designed  tor  the  purpo.se.  'J1ie  manufacturing 
process  is  substantially  as  follows :  The  slabs  from  which  the  rings 
are  to  be  rolled  are  first  sheared  to  correct  length  so  as  to  make  a 


FIC.  3 — COMPLKTF.  FR.'WIK  RJNf.S 

Ventilated  and  Xnn-ventilated  Types. 

perfect  joint  when  formed  to  a  circle.  Xext  they  are  heated  in  a 
furnace  l<K-ated  near  the  rolling  machine.  I'hc  heated  slabs  are 
then  formed  to  the  desired  diameter  in  the  rolling  machine.  This 
whole  process  takes  very  little  time  with  a  well  trained  crew,  al- 
though the  rings  are  rolled  very  accurately  to  gauge.  Rings  can  be 
rolled  to  any  desired  diameter  within  the  capacity  of  the  machine 
by  the  use  of  difTcrcnt  mandrels.  At  the  present  time  this  process  is 
used  for  motors  up  to  200  horse-ix)wcr.  recjuiring  rings  up  to  three 
feet  inside  diameter,  with  a  maximum  thickness  of  about  tu'o  inches 
and  a  maximum  width  of  about  17  inches. 

After  rolling,  the  fraiue  rings  are  welded  at  the  joint,  wliLicver 
this  is  required  for  magnetic  reasons.     The  welding  is  done  by  the 
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electric  arc  welding  process,*  (Bernardos  method).  A  glimpse  of 
the  welding  plant  installed  for  welding  these  frames  is  shown  in 
Fig.  2.  The  view  shows  the  converter  set  in  the  rear  and  the 
switchboard.  In  actual  operation  the  frame  rings  rest  on  a  steel 
plate.  One  terminal  is  connected  to  this  plate  while  the  other  one 
leads  to  the  carbon  electrode  of  the  welding  tool  manipulated  by  the 
operator.  The  arc  is  drawn  from  the  carbon  to  the  motor  frame, 
rapidly  raising  the  metal  to  the  melting  point.  Additional  material 
to  fill  the  joint,  if  any  is  needed,  is  supplied  from  a  soft  iron  rod 
held  in  the  arc.  The  elTect  of  the  rays  of  the  electric  arc  are  such 
that  it  is  necessary  to  protect  not  only  the  eyes  but  the  face  and 
hands  of  the  operator,  as  shown  in  the  illustration. 

Three  different  sizes  of  fin- 
ished frame  rings  are  shown  in 
Fig.  3.  For  the  purpose  of  ven- 
tilation it  is  sometimes  desirable 
to  have  holes  in  the  frame.  The 
frame  ring  shown  to  the  right 
has  16  such  ventilating  holes. 
They  are  punched  cold  before 
bending,  for  any  thickness  of 
steel  plate  used  at  the  present 
time. 

It  should  be  understood  that 
the  rolling  process  is  not  in- 
tended to  change  either  the 
thickness  or  length  of  the  ma- 
terial, but  consists  practically 
only  in  a  bending  action. 
Some  other  products  of  this  rolling  machine  are  shown  in 
Fig.  4;  end  plates  from  hot  rolled  steel  for  alternating  cur- 
rent motors.  They  are  manufactured  in  large' quantities  by  a  pro- 
cess quite  similar  to  that  described  in  connection  with  the  frame 
rings.  Being  made  of  a  material  superior  in  structure  to  any  cast 
material  they  may  be  made  comparatively  thin.  This  gives  them 
the  advantage  of  taking  up  less  space  in  the  motor,  reducing  there- 
by the  amount  of  inactive  copper  in  the  windings  and  reducing 
the  risk  from  short-circuits  between  windings  and  end  plates.     The 


FIG.    4 — END   PLATES 

Obtained   by   bending   a   hot   rolled 
steel  bar  on  edge. 


*For  complete  description  of  the  Bernardos  arc  welding  process, 
see  article  on  electric  welding  by  Mr.  C.  B.  Auel  in  the  Journal  for 
Jan.,   1908. 
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steel  end  plates  are  also  unbreakable.  Breakage  is  a  very  se- 
rious factor  in  the  manufacture  of  cast  iron  parts  and  an  item 
of  expense  which  frequently  is  underestimated.  If  a  break  does 
occur,  it  usually  happens  after  the  shrinkage  strains  in  the  cast- 
ing are  released  by  removing  the  hard  outer  crust  of  the  casting, 
that  is,  after  the  casting  is  machined  completely  and  a  considerable 

amount  of   labor  has 
been  spent  on  it. 

A  2  000-lb.  steam 
operated  drop  ham- 
mer is  shown  in  Fig. 
5.  This  hammer  is 
used  for  a  great  va- 
riety of  drop  forging 
work.  At  the  time 
the  picture  was  taken, 
dies  for  eye  bolts 
were  under  the  ham- 
mer. Other  and 
more  novel  examples 
of  drop  forging  work 
are  shown  in  the  fol- 
lowing  illustrations. 

Two  ditrerent  de- 
signs of  pressed  steel 
feet  as  used  on  the 
smaller  motors  arc 
shown  in  Fig.  6. 
They  may  be  made 
either  in  halves  or  in 
one  piece  as  shown. 
A  high  grade  of  steel 
plate  is  used,  3/16  to 
'  J  inch  thick,  depend- 
ing on  the  size  of 
^■|u.  5— TWO  THOUSAND  POUND  DROP  iiAMMKR      jj^^  motor     This  platc 

comes  from  the  mills  in  large  sheets.  The  sheets  are  cut  into  squares 
of  the  proper  size,  on  a  i  lo-inch  motor-driven  shear,  shown  in  Fig.  7. 
For  each  different  piece  to  be  pressed  or  forged  the  dcvclojied  .shape 
necessary  to  produce  the  desired  final  result  is  determined  by  con- 
tinued experiments,  and  blanking  dies  are  then  made  for  punching 
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out  the  blanks.  These  blanks  are  heated  and  forged  to  the  proper 
shape,  as  shown  in  Fig.  6,  by  one  or  two  blows  of  the  drop  hammer. 
With  a  given  blanking  and  forging  die  every  foot  will  of  course 
be  an  exact  duplicate  of  the  other.  All  fitting,  trimming  and  remov- 
ing of  unnecessary  stock  is  therefore  avoided,  a  point  which  greatly 
aids  in  quick  manufacture. 

Another  product  of  this  hammer  is  shown  in  .  Fig.  8 ;  pressed 
steel  slide  rails  used  under-  the  motors  to  adjust  ithe  belt  tension. 
To  the  left  a  rough  forging  is  shown  as  it  comes  firom  the  forging 
department,  then  one  of  the  medium  sizes  and  one  of  the  smaller 
sizes  of  rails  in  their  finished  form,  and  finally  one  of  the  smaller 
pressed  steel  bed  plates,  made  in  the  same  way  as  the  rails  and 
similar  to  the  pressed  steel  foot  described  above.     All  of  these  rails 

are  made  from  heavy  steel  plate, 
amply  strong  enough  to  be  used 
for  ceiting  suspension  of  the 
motor  artd  with  ample  floor  area 
for  possible  use  on  a  soft  foun- 
dation. '"The  pressed  steel  rail 
or  bed  plate  compared  with  cast 

FIG.  6-DROp  FORGED  FEET,  SINGLE  AND   i^o"  ^aS",  anioug  bthcrs,  the  ad- 
DouBLE  vantage   of   being   stronger   and 

Used  on  smaller  niotors.  unbreakable   for  a   much    lower 

weight.  In  castings  a  crack  occasionally  occurs  which  is  hard  to 
detect,  and  may  pass  iby  the  inspector,!  It  is  possible  that  the  faulty 
material  may  not  be  discovered  even  by  the  most  careful  inspection 
until  some  accident,  ^uch  as  with  a  motor  suspended  from  the  ceil- 
ing, has  occurred.  4-  forged  steel  rail  is  absolutely  reliable  in  this 
respect. 

These  methods  of.  manufacture  involve  great  exppnse  for  tools 
and  dies  and  still  greater  expense  for  the  years  of  experiments  and 
careful  study  which  had  to  precede  their  introduction,  but  it  is  evi- 
dent, without  enumerating  all  the  dififerent  advantages,  that  the  steel 
forging  is  not  only  a  greatly  superior  product,  but  can  also  be  pro- 
duced more  economically  than  a  casting,  provided  only  that  the 
quantities  required  annually  are  large  enough  to  justify  the  initial 
investment  and  that  there  will  be  a  continuous  demand  for  a  large 
annual  production. 

The  drop  forging  method  described  above  has  in  the  last  few 
years  found  a  very  serious  rival  in  the  hydraulic  press,    The  drop 
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FIG.    7 — ONE-HUNDKED-AND-TEN-INCH     ELECTRICALLY   OPERATED    SHEARS 

Used    in    trimming   steel    plates 


m 


lit,     c-  |■KL^^fcl)   tTLLL   :^L11>E   RAILS    A.NU   UtU  IXATt   H)K   ^XMUK 

MOTORS 
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hammer,  though  a  very  handy  and  simple  tool  and  suitable  for  a 
great  variety  of  forgings,  has  its  limitations,  especially  as  to  size  of 


FIG.    Q — ONE    THOUSAND    TON    HIGH     SPEED    STEAM-HYDRAULIC    FORGING    PRESS    OF 

THE    INTENSIFIER    TYPE 

forging  and  thickness  of  material.     The  hydraulic  press  with  its 
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FIG.    10 FEET   FOR   LARGER    SIZED    MOTORS 

The  shape  has  been  worked  out  to  give  maximum 
stiffness   for  a  given   weight  of  material. 


FIG.  n— SLIDE  RAILS  FOR  LARGE  MOTOR 

Box    girder    shape    gives    exceptional 
stiffness  with  ample  floor  area. 


slow    and    steady 
pressure  is  prefera- 
ble   to   the    hammer 
for     many    reasons. 
While   ha  m  m  e  r 
blows    affect   practi- 
cally  only   the    sur- 
face of  the  forging, 
the  steady  hydraulic 
pressure    penetrates 
to  the  core   even   of 
thick     forgings,    re- 
sulting  in   a   denser 
and  more  homogen- 
eous material  in  the 
forging.     Quicker  and  better 
w(irk  is  possible,  for  the  rea- 
son  that    one    application  of 
the  press  produces  the  same 
results  regarding  reduction  of 
section    as    five   or   six   blows 
of    the    steam    hammer,    and 
that  vx'ith  the    press    the    hot 
steel  more  readily  fills  the  im- 
pressions    in    the     die.      Ab- 
sence   of     shocks,     therefore 
less   risk    from    breakage    of 
pi-^ton  rods  or  dies,  the  possi- 
bility of  a  lighter  foundation 
and    of    less    expensive    dies, 
easier  work  for  the  men  and 
lower  i)ower  consumption  are 
al.so  points  in    favor    of    the 
press, 

A  I  000- ton  high-speed 
steam  hydraulic  forging  press 
installed  for  the  manufacture 
of  the  large  prcssefj  steel 
parts  used  on  industrial  mo- 
tors is  shown  in  I'ig.  9.  This 
press  is  of    the    four-column 
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FIG.     12 — FRAME    RING    FOR 
SMALL    MOTOR 

Made  by  the  piercing 
or  squirting  process 
from  a  solid  block  of 
steel. 


type  and  designed  according  to  the  Davy  principle.  The  installation 
consists  of  the  press  proper  with  the  main  cylinder  in  the  center 
and  the  two  lifting  steam  cylinders  on  top  and  the  steam  hydraulic 
intensifier  with  the  controlling  gear  and  finally  the  storage  tank 
which  appears  to  the  left.  This  tank  is  known  as  the  pre-filler,  and 
serves  as  a  receptacle  for  the  water,  which  is  used  repeatedly.  Suf- 
ficient air  pressure  is  supplied  at  the  top  of  the  tank  to  force  the 

3  water  into  the  cvhnder.  A  steam  pressure 
of  ahout  150  Ihs.  per  square  inch  is  used  in 
the  cylinder  of  the  intensifier.  By  the  ac- 
tion of  this  steam  cylinder  a  hydraulic  pres- 
sure of  5  500  lbs.  per  square  inch  is  produced 
behind  the  plunger.  The  actual  forging 
work  is  done  by  the  main  cylinder,  which 
produces  with  the  hydrauHc  pressure  men- 
tioned a  total  pressure  of  2  000  000  lbs  with 
a  possible  increase  to  2400000.  The  lifting 
cylinders  referred  to,  serve  the  purpose  of 
raising  the  heavy  cast  steel  presshead  which 
holds  the  upper  part  of  the  die.  The  most  interesting  part  of  this 
press  is  the  control,  which  is  effected  by  a  single  lever  for  all  move- 
ments, whether  actuated  by  the  steam  or  the  hydraulic  pressure. 
The  presshead  follows  the  movements  of  this  lever,  both  as  to  speed 
and  length  of  stroke,  so  that  high  speed  and  short  strokes  may  be 

o  b  t  a  i  ned,  or 
slow  speeds  as 
ni  a  V  b  e  r  e- 
quired  in  the 
particular 
case.  Up  to 
150  strokes  per 
minute  may  be 

FIG.   13 — COMMUTATOR  BUSH   MADE  BY  THE   SQUIRTING  PROCESS  Uiade    With    tlllS 

This  process  insures  absolute  homogeneity  of  material,  press  so  that 
the  output  in  forging  or  punching  is  limited  only  by  the  rapidity 
with  which  the  work  can  be  fed  into  the  press.  Two  different  sizes 
of  large  pressed  steel  double  feet  for  motors  are  shown  in  Fig.  10. 
They  are  hot  pressed  from  steel  plate  one-half  inch  thick  and  in 
floor  dimensions  of  about  two  and  one-half  by  four  feet.  Those 
familiar  with  this  class  of  work  will  appreciate  the  difficulties  that 
have  to  be  overcome  before  producing  a  deep  and  intricate  forging 


PROGRESS  IN  MOTOR  MANUFACTURE  269 

of  this  kind.  ].:very  foot  pressed  comes  out  exactly  like  the  other 
The  forming  ,s  done  without  any  hammer  blows  or  noise,  by  moving 
a  smgle  lever.  .v     ^  ^ 

A  larger  size  of  pressed  steel  rail  made  with  this  press   seven- 
sixteenths  and  one-half  incli  in  thickness  and  in  lengths  up  to  six 


Tho'nii""'''"    "'^""^''TON    HVI.R.\l,.,r   RIVKTIXO    PRESS 

■..,.  1         pressure  prn.Iucfcl  by  this  press  causes  the  rivet  to  .>x- 
SncctloL.""'^'^'^'^'    '"    '"^'   ''■••^•.   -aking   an^  absofutdy^^ng- 1 

«eet.  is  shown  in  Fig.  ,,.  iVcssed  steel  bed  plates  of  the  design 
^Moun  m  Fig.  8  can  also  be  forged,  up  to  six  feet  in  length.  Be- 
tore  pressing,  all  of  these  parts  are  blanked  out  a.  dc-cribed  above, 
this  also  being  doni-  in  the  press. 

A^de  from  thi.   i,.nning  of  plates  the  piv..  ha>  another  im- 
portant runctiun  in  the  manufacture  of  f..rged  parts  by  the  piercing 
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or  squirting  method.  A  small  frame  ring  eight  to  twelve  inches  in 
diameter  is  shown  in  its  finished  form  in  Fig.   12.     This  piece  is 

squirted  from  a  solid  block  of 
steel,  that  is,  the  steel  block 
is  heated  and  placed  in  a 
cylindrical  die,  then  by  exert- 
ing a  very  high  pressure  in 
the  center  of  the  block,  the 
material  is  forced  up  uni- 
formly all  around  and,  of 
course,  to  the  exact  diameters 

Kic    1 5_B0TT0M  VIEW  OF  FRAME  AND  FEET   ^etgj-mined    by    the    size    of 
Note   the   large    rivet    heads    and    their  .  -^ 

location,  chosen  to  secure  maximum  lev-  the  dies.  These  rings  are 
^^^se.  squirted    about    a    foot    high 

and  then  sawed  apart  to  give  the  proper  width  of  the  individual 
ring. 

New  cases  where  this  press  and  especially  this  squirting  method 
can  be  used  to  good  advantage,  present  themselves  constantly.     A 
commutator    bush    in    its 
rough   forged   and  finish- 
ed shape  is  shown  in  Fig. 
13.     It  is    made    by    the 
same  method  as  the  small 
frame  ring  just  described, 
by  piercing  a    solid    steel 
block.      This   process   has        -^ 
opened     up     entire     new  ^/^^ 
fields  of  manufacture,  for  V\         \ 
not  only  is  it  possible  to 
obtain   an   absolutely 
sound  and  dense  material, 
vastly     superior     to     the 
steel     casting     heretofore  Pi 
used  for  parts  which  are 
required  to    stand    severe    "^-  i^eccentric  load  test  with  weight 

^   .  a     u      ov^vv.    <_  MOUNTED     DIRECTLY     ON     THE     SHAFT     OF     A 

30    HORSE-POWER.   23O  VOLT    MOTOR 

The  eccentric  weight  was  262  lbs,  and 
the  motor  was  run  at  speeds  from  80  to 
300  r.p.m. 

would  tax  the  capacity  of  the  best  moulding  machine  operated  by  the 
fastest  moulder  to  compete  with  this  press,  which  forms  a  large  com- 
mutator bush  sleeve  with  a  single  squeeze  by  the  move  of  a  lever. 


strains,  but  this  new  pro- 
cess is  also  in  most  cases 
more  economical.    It 
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The  pressed  steel  foot  shown  in  Figs.  6  and  lo  is  secured  to 
the   rolled  steel   frame  ring  by  heavy   rivets  driven  on   a    loo   ton 


FIG.    1/ — ECCENTRIC   LOAD    TEST   ON    I5    HORSE-POWER.   230   VOLT,   85O    R.P..M. 
MOTOR,    GEARED    TO    A    COUNTER-SHAFT 

The  eccentric  weighs  750  lbs.,  550  lbs.  being  unbalanced. 

hydraulic  riveting  press  shown  in    Fig.  14.     The    frame    rings    are 
brought  under  the  press  on  a  carriage  which  is  adjustable  for  dif- 


FIG.    18 — OSCILLATOR  TEST 

The  crank  arm  on  the  counter-shaft  was  connected  through  a  driv- 
ing rod  to  an  eccentric  weight  of  925  lbs.  so  that  the  rotation  of  the 
crank  arm  would  oscillate  the  eccentric  weight.  Average  load  on  the 
motor,  no  percent  full  load.  No  damage  was  done  to  the  motor  by 
any  of  these  tests. 

ferent  frame  diameters  and  raised  or  lowered  by  compressed  air 
so  that  the  pressure  does  not  come  on  the  carriage.     The  pressure 
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FIG.    \i) — STEEL   SHELL  BEARING,   BABBIT   LINED 

The  bearing  shell,  shown  at  the  left,  is  drawn  from 
steel  tube. 


exerted  on  the  rivet  can  be  varied  to  suit  the  size  of  the  rivet.  In 
every  case  the  rivet  fills  the  hole  completely  and  has  a  large  head, 
insuring  a  perfect  riveted  joint  which  not  only  has  great  mechani- 
cal strength  but  also  eliminates  all  vibration  at  any  speed  for  which 
the  motor  may  be  built. 

A  bottom  view  of  a  foot  riveted  to  the  frame  is  shown  in  Fig. 

15  and  gives  a 
good  idea  of 
location  and 
size  of  these 
rivets.  Rivets 
are  used  every 
day  under  con- 
d  i  t  i  o  n  s  de- 
manding the  utmost  reliability  under  severe  stress,  such  as  bridge 
work,  building  construction,  locomotives  and  boliers,  and  exhaustive 
tests  have  also  been  made  regarding  the  most  suitable  material  and 
methods  for  this  particular  application.  Numerous  running  tests 
of  the  severest  nature  and  continued  for  over  two  years  have  estab- 
lished the  fact  that  strains  many  times  in  excess  of  anything  that 
may  occur 
under  severe 
service  condi- 
t  i  o  n  s,  are 
safely  trans- 
m  i  t  t  e  d 
throng  h 
frame  and 
foot  without 
any  deterio- 
rating effect 
on  the  rivet- 
ed joint  made 
by  this  high 
pressure  riv-  j,,,-, 
eter. 

Some  photographs  of  these  endurance  tests  are  shown  in  Figs. 
16,  17,  and  18.  Fig.  17  shows  one  of  the  motors  back  geared  to  a 
heavy  eccentric  weight  and  reversing  every  12  seconds.  This  test 
was  continued  for  a  year  and  a  half,  day  and  night,  and  showed  no 
effects  on  any  part  of  the  motor.     In  Fig.   16  the  eccentric  weight 


20 — PRESSED    BRASS     OR     STEEL     BRUSH     HOLDER     AND     PARTS 
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FIG.    21 — FINISHED   FRAME   WITH    1  II  LI) 
COILS     IN'     POSITION 


is  niountrd  directly  «in  ilie  iiKitur  shaft,  tending  to  produce  a 
strong  rocking  nnjtion  and  severe  strain  on  bearings  and  frame 
construction.    The  oscillator  test  in  Fig.  18,  though  still  more  severe, 

also  failed  to  have  any  efifect 
on  the  motor  aside  from  nor- 
mal wear  of  brushes  and  com- 
mutator. Thi.>^  test  is  ar- 
ranged so  that  the  eccentric 
weight  does  not  make  a  com- 
plete revolution  but  oscillates 
both  ways  from  the  vertical 
center  line.  During  the  several 
months  run  most  of  the  aux- 
iliary parts  broke  in  turn,  driv- 
ing rods,  counter-shafts  and 
their  bearings  had  to  be  re- 
placed, but  no  parts  of  the 
motor. 

One  of  the  purposes  of  these 
tests  was  to  give  a  thorough 
test  to  the  type  of  bearing  used 
on  these  motors,  which  may  be  briefly  described  in  this  connection, 
being  of  a  somewhat  novel  design.  It  is  shown  in  Fig.  19  and  con- 
sists of  a  .solid  steel  shell  lined  with  l>abl)itt.  This  shell  is  obtained 
by  drawing  steel  tui)ing 
through  a  die  on  tiie  draw 
bench  in  eight  or  ten  foot 
lengths  until  the  ])r()per  di- 
ameter and  wall  thickness  are 
obtained.  .\  bearing  of  this 
type  is  both  light  and  rigid 
and  has  met  with  reiuarkable 
success     in     operation     since 

As  related  in  a  way  to  the 
pressed  steel  work  used  on 
these  motors  and  forming  the 
subject  of  this  article,  the 
pressed  brush  holder  shown  in  I'ig.  20  may  be  referred  to  in  a  few 
words.  It  is  formed  from  heavy  sheet  metal,  the  halves  and  brush 
holder  boxes  being  riveted    together.      Instead    of    riveting    these 
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halves  they  are  in  some  cases  welded  on  a  spot  welding  machine, 
making  a  still  simpler  manufacturing  process  and  still  more  sub- 
stantial holders. 

Finished  motors  of  this  type   in  their  different  modifications, 

are  shown  in  Figs.  21,  22,  23 
and  24.  During  the  last  year 
and  a  half  these  motors  have 
established  for  themselves  a 
reputation  for  remarkable  per- 
formance and  general  operat- 
ing characteristics.  Their  light 
weight  makes  them  especially 
suited  for  wall  or  ceiling 
mounting,  while  the  exception- 
ally rugged  construction  adapts 
them  for  the  severest  service. 
FIG.  23-PARTiALLY  ENCLOSED  MOTOR  Although  the  mechauical  stiff- 
ness has  been  increased  over  some  of  the  previous  types  of  indus- 
trial motors,  it  has  been  the  aim  to  avoid  all  unnecessary  bulk  in 


FIG.   24 — ENCLOSED   MOTOR  WITH   RIBBED  PLATES 
TO  INCREASE  RADIATION 

the  inactive  materials  by  using  the  most  advanced  manufacturing 
methods  and  to  take  advantage  of  any  economies  so  made  by  liberal 
proportions  and  proper  distribution  of  the  active  materials,  securing 
thereby  high  efficiencies  and  excellent  commutating  characteristics. 


LUMBERING  BY  ELECTRICITY  IN  THE  NORTHWEST 

IRA  E.  CHURCH, 
Chief  Engineer.  Potlatch  Lumber  Company,  Elk   River,  Idaho 

UXriI,  a  very  few  years  ago  lumbermen  looked  askance  at  the 
proposal  to  drive  planing  mills  electrically ;  they  dismissed 
the  subject  of  an  electrically  driven  saw  mill  as  absurd;  and 
an  electric  logging  donkey  was  unheard  of.  Yet  all  three  are  to-day 
in  successful  operation  and  are  meeting  with  much  favor. 

To  the  lumber  men  in  the  Northwest  has  been  given  the  op- 
portunity to  try  out  the  application  of  electricity  under  the  most 
favorable  circumstances.  In  the  East  and  in  the  Middle  West  the 
majority  of  the  lumber  mills  were  built  before  the  general  adopti(jn 
of  electric  drive,  and  to  operate  these  mills  electrically  would  mean 
the  throwing  away  of  line  shafting,  belts  and  pulleys  and  substitut- 
ing the  electric  motors  and  wires.  In  the  states  of  Washington 
and  Idaho  the  mills  are  of  more  recent  construction,  and  it  has  con- 
sequently been  possible  to  design  them  from  the  start  for  either  sys- 
tem at  approximately  the  same  initial  cost. 

Heretofore  the  high  first  cost  has  been  the  main  objection  to 
electric  drive,  and  there  were  few  arguments  in  favor  of  the  use 
of  motors  which  were  of  sufficient  importance  to  offset  this  first 
cost.  With  an  "abundance  of  fuel  in  the  form  of  sawdust  and  shav- 
ings, for  which  there  was  no  ready  market,  economy  of  power  has 
been  of  no  particular  consequence.  Saw  mills  of  the  older  type 
were  more  or  less  open,  damp  and  dirty,  and  conditions  were  usu- 
ally far  from  ideal  fiT  the  operation  of  motors,  (^f  the  arguments 
advanced  in  favor  of  the  electric  drive  only  one  or  two  took  into 
account  the  cjuestion  of  dollars  and  cents,  (ircater  flexibility,  a 
cleaner  mill  and  less  floor  space  reciuircd  for  the  machinery  were 
not  as  attractive  arguiucnts  as  a  lower  operating  and  maintenance 
cost.  These  last  two  items  have  now  been  proven  tt)  be  of  greater 
value  than  was  at  first  anticipated.  For  instance,  one  mill  which 
started  up  with  the  number  of  luechanics  necessary  for  a  steam- 
driven  mill,  including  three  millwrights,  three  helpers,  a  belt  man 
and  three  oilers,  was  able,  after  the  mill  had  been  run  a  short  time, 
to  reduce  this  crew  to  one  millwright,  one  heli)er  and  two  'n-. 
The  up-keep  of  the  three  electric  milN.  as  specifically  discussed  in 
this  article,  is  surprisingly  low — not  over  ten  to  twenty  percent  of 
that  of  a  steam  luill  of  equivalent  capacity. 
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THE    MODERN    BAND   SAW    MILL 

In  the  older  types  of  saw  mills,  circular  saws  were  used,  and 
are  still  retained  in  some  sections,  but  with  improvements  in  quality 
of  steel  and  better  methods  of  brazing  came  the  change  to  the  use 
of  band  saws.  The  advantage  of  the  band  saw  lies  mainly  in  the 
narrower  cut.  A  circular  saw  cuts  from  one-quarter  to  five-six- 
teenths inch  from  each  board,  while  a  band  saw  will  waste  only  about 
one-eighth  of  an  inch.  There  is  thus  a  saving  of  about  twelve  per- 
cent in  sawing  one  inch  boards.  In  a  day's  cut  of  looooo  feet  in 
logs  the  band  saw  would  save  al^out  12000  feet  of  lumber,  which 
would  be  wasted  by  the  circular  saw. 

In  a  modern  mill  there  will  be  found  one  or  more  head  band 
saws,  each,  with  its  accessory  apparatus,  forming  a  unit,  so  whether 
a  mill  has  one  saw  or  four  the  progress  of  a  single  log  will  be  the 


FIG.     I GENERAL    VIEW    OF    BUILDINGS    AND    YARDS 

Elk  River  Mill  of  the  Potlatch  Lumber  Company 

same.  Mills  which  operate  two  or  more  head  saws  usually  run  them 
at  different  constant  speeds  in  order  to  facilitate  the  cutting  of  the 
hardest  and  softest  timbers.  This  necessitates  operating  the  motors 
at  a  speed  suitable  for  the  average  conditions.  For  a  maximum  out- 
put the  saws  should  run  at  a  speed  depending  upon  the  hardness  of 
the  logs,  and  this  condition  can  only  be  secured  by  the  use  of  a 
wound  secondary  motor.  The  control  may  to  advantage  permit  a 
twenty  percent  speed  reduction  from  full  load  in  steps  of  approxi- 
mately two  percent.  This  is  especially. advantageous  in  those  sec- 
tions where  the  cold  weather  freezes  the  sap  in  the  logs,  as  the  speed 
of  the  saws  should  then  be  less  than  in  the  summer  months. 


LUMBERING  BY  ELECTRICITY 


217 


A  log  passes  through  the  mill  in  a  process  which  is  essentially 
e  same  regardless  of  the  location  of  the  mill  and  the  type  of  lum- 
r.  The  logs  are  usually  started  from  a  mill  pond,  into  which  they 
e  dumped  from  cars,  wagons  or  sleds,  or  floated  from  a  stream.  A 
an  with  a  pike  pole  steers  a  log  into  a  trough,  or  "slip,"  with  a 
othed  chain,  called  a  "bull  chain,"  running  on  the  bottom.  The 
ill  chain  takes  the  log  to  the  second  floor  of  the  mill.  If  the  log 
too  long  for  the  lumber  desired  or  for  the  carriage  of  the  band 
w  mill,  it  is  first  cut  to  the  desired  length  with  a  cut-off  saw,  whicii 
ay  be  either  a  drag,  circular  or  chain  saw.  It  is  then  rolled  onto 
e  log  deck  and  from  there  to  the  carriage,  where  it  is  held  in  place 


F'C.    2 — EIGHT    FOOT    li.VND    MILL    HklVlN'    HV    ,\    1 50    IIORSE-POWKR    WOL'ND    SEC- 
ON'It.XRY,    5S0   K.r..M.    INDUCTION    MOTOR* 

The  motor  is  l)elted  to  the  mill  from  tlie  floor  below.     The  mill  runs  at 
5  r.p.m.,  giving  a  cutting  speed  of  8650  feet  per  minute. 

levers,  as  shown  in  Fig.  2.  The  carriage  is  actuated  by  either 
steam  or  compressed  air  cylinder  and  conveys  the  log  past  the 
w,  which  rips  oft'  an  outer  slab.  This  slab,  which  is  waste  material, 
conveyed  over  live  rolls  to  about  the  center  of  the  mill,  where  it 
"kicked"  off  on  to  the  chain  conveyor  and  carried  through  a  set 
circular  saws  called  the  slasher,  I'ig.  5,  which  cut  it  into  four  foot 
igths.  These  shorter  pieces  are  then  dropped  onto  a  chain  con- 
yor  running  through  the  lath  mill.  Here  the  pieces  which  are 
itable  for  making  lath  are  sorted  out,  and  the  rest  are  put  througli 

♦The  photographs  shown   in    Fig^.   j,  5   aiul   6   were   not   taken   at    KIk 
ver;  all  the  other  figures  are  views  in  and  ar.mnrl  F;ik  Kiver,  Malio. 
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a  "hog"    in  which  toothed  wheels  break  it  into  smaller  pieces,  suit- 
able for  the  boilers,  or  they  are  dumped  on  to  another  conveyor  and 

taken  to  the  burner.  _ 

Returning  to  the  log  on  the  carriage,  a  board  is  next  taken  oh, 
which  follows  the  slab  for  a  short  distance,  and  is  then  kicked 
on  to  a  chain  conveyor  and  taken  to  the  edger.  This  machine  has 
four  adjustable  circular  saws,  and  the  edgerman  sets  them  to 
trim  oft-  the  bark  edge  of  the  board,  and  if  desired,  to  rip  it  into 
narrower  pieces.  A  set  of  rolls  behind  the  edger  conveys  the  board 
and  edgings  past  a  sorter  who  throws  the  edgings  and  undesirable 
boards  onto  the  lath  mill  conveyor,  while  the  good  lumber  passes  on 
to  the  trimmer,  into  which  it  is  fed  by  a  set  of  parallel  tooth  chains. 


_,,,,    HUK^I    IM.WER,  900  R.P.M.   WOUND    SECONDARY    MOTOR   DRIVING 

BAND   SAW. 

At  the  Elk  River  Mill  of  the  Potlatch  Lumber  Company. 
A  man  in  a  cage  over  the  trimmer  has  under  his  control  a  number 
of  circular  saws,  set  close  together,  as  shown  in  Fig.  6,  one  or  more 
of  which  mav  be  lowered  at  a  time.  These  saws  tnm  the  edges  of 
the  boards  square  and  cut  them  into  any  desired  lengths  All  pieces 
of  four  feet  or  less  in  length  drop  into  the  lath  nnll  conveyor, 
while  the  good  boards  are  conveyed  past  the  sorters  and  graders, 
by  whom  they  are  directed  into  that  portion  of  the  yards  devoted 
to  drying  and  storing  that  particular  kind  and  size  of  lumber. 

On  the  first  floor,  under  the  saws,  are  cham-belt  conveyois 
which  receive  the  sawdust  and  also  the  broken  up  slabs  from  the 
"hog"  and  convey  them  to  the  boiler  room,  where  both  sawdust  and 
slabs  drop  through  chutes  into  the  furnaces. 
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THE  SELEmOX   OF   MOTORS 

Jn  the  vicinity  of  Spokane,  Wash.,  are  three  band  saw  mills 
ising  individual  motor  drive,  each  mill  having  from  twenty  to  forty- 
ive  motors.  These  mills  are  located  at  Deer  Park,  W'ash.,  lone, 
dash.,  and  Elk  River,  Idaho.  In  the  majority  of  instances  the 
notors  for  similar  work  are  substantially  the  same,  the  Elk  River 
Mill  having  a  tendency  towards  wound  secondary  motors,  while 
nore  of  the  squirrel  cage  type  arc  used  at  the  lone  Mill.  These 
atter  have  in  some  cases  a  lower  rating  for  the  same  work,  but  the 
A'ound  secondary  motors  have  the  advantage  of  low  starting  cur- 
rent, adjustable  speed  and  the  ability  to  start  under  a  heavy  load, 
riie  squirrel  cage  motors,  on  the  other  hand,  require  less  attention 

T1 


yUi.    4 S.^WING    Fl.OOK 

Looking  toward  band  saws.     Live  rolls   in   the   foreground. 

and  have  no  slip-rings  and  brushes  to  get  dirty  or  clogged  up  with 

saw  dust.    Squirrel  cage  motors  could  be  used  exclusively  by  using 

clutches  to  throw  on  the  load  in  those  cases  where  the  load  to  be 

Martcd  exceeds  the  starting  torque  of  the  motor,  but  this  is  not  gen- 

rrally  advisable.     Most  motor  apj)lications  are  quite  severe  and  re- 

luire  a  heavy  frame  and  bearings  and  a  high  starling  torciue.     On 

he  band  saws  especially,  if  a  sc|uirrel  cage  motor  is  used  it  should 

lave  high   resistance  end  rings;  in  most  cases  wound  rotors  with 

•ontnd  suitable  for  at  least  twenty  percent  drop  in  speed  are  rec- 

)mmen(led.  as  this  control  not  onlv  allows  varying  speeds  at  full 

>ad  and  permits  utilization  of  the  fly-wheel  etTect  of  the  band  mill 

wheels,  but  also  gives  very  excellent  starting  characteristics  without 

rawing  excessive  current  from  the  line. 
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In  the  Elk  River  Mill  the  "bull  chain"  is  run  by  a  40  horse- 
power slip-ring  type  induction  motor,  while  at  lone,  where  the 
chain  is  longer,  a  50  horse-power  squirrel  cage  motor  is  in  use.  For 
sawing  logs  to  the  desired  length  before  they  reach  the  band  saws, 
the  Elk  River  Mill  uses  a  chain  saw  driven  by  a  ten  horse-power 
squirrel  cage  motor,  as  shown  in  Fig.  8.  This  saw  is  made  up  of 
links  with  saw  teeth  on  one  side,  and  runs  over  two  sprocket  wheels, 
something  like  a  bicycle  chain.  It  is  a  very  fast  worker,  and  has 
the  further  advantage  of  clausing  no  such  vibration  to  the  mill  as  does 
a  reciprocating  drag  saw. '  The  band  saws  in  the  Elk  River  Mill  are 
belted  to  200  horse-power  wound  secondary  motors,  while  at  lone 
150  horse-power  squirrel  cag6  motors  are  used.  Since  the  Elk 
River  Mill  is  the  newest  and  largest,  and  all  the  mills  are  in  gen- 


FIG.    5— FORTY-SIX     INCH     SLASHERS    DRIVEN     BY    A    30    HORSE-POWER, 
850   R.P.M.    SQUIRREL-CAGE    MOTOR 

The  motor  is  directly  connected  to  the  shaft  carrying  five  46-inch  cir- 
cular saws.  The  transfer  chains  to  the  slashers  are  driven  by  a  belt  from 
the  motor  shaft.  The  30  horse-power  motor  handles  the  heaviest  stock 
satisfactorily. 

eral  quite  similar,  a  description  of  the  motor  applications  in  this 
one  mill  only  will  be  given. 


ELK  RIVER  SAW   MILL 

In  this  mill  there  are  forty-five  motors  varying  in  size  from 
one  to  200  horse-power.  Practically  every  machine  is  individually 
driven  and  wherever  possible  the  motors  are  direct  connected.  For 
the  chain  conveyors  and  live  rolls,  where  the  speed  is  very  low, 
back  geared  motors  are  commonly  used,  with  chain  drive,  as  shown 
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in  Fig.  (J.  rhc:>c  iii(ii(ir>  lia\c  a  speed  (jf  ()uo  to  (juo  r.p.m.  with  a 
gear  ratio  of  one  to  six  and  a  sprocket  ratio  of  one  to  four  and  one 
to  eight.  A  few  of  them  have  been  changed  to  belt  connection 
with  the  reduction  gearing  separate  from  the  motor,  as  it  was  found 
that  in  some  cases  the  heavy  chain  pull  would  spring  the  shaft.  In 
other  cases  the  change  was  made  because  of  the  excessive  vibration 
transmitted  to  the  motor  by  the  chain.  These  motors  are  subjected 
to  very  severe  operating  conditions,  especially  those  having  chain 
drive  where  there  is  no  chance  for  momentary  relief,  as  is  the  case 
where  the  motor  is  belt  connected.  The  load  frequently  changes 
from  almost  no  load  to  full  load  or  a  severe  overload  almost  in- 
stantly, such  as  when  a  large  slab  is  suddenly  dropped  on  to  a  con- 
veyor running  light. 


Hi..     0 — 1\VI-..N  1 V-IDIK    IXCH    TR1MMKRS     DKIVI.N     ItV    .\     30     llOUSK-l'oWKK, 
850  R.P.    M.    SQriRRKl.-C.VGE    MOTOR 

There  arc  two  line  shafts,  each  driving  eleven  24-in.  saws.     Belt  drive 
nakcs  the  friction  load  higher  than  on  slashers  of  same  general  type. 

'J'he  motors  arc  all  placed  as  near  as  possible  to  the  work,  some 
n  the  floor,  some  on  upright  timl)crs,  some  bottom  side  up  on  the 
eiling,  and  others  in  wooden   frames  hung  from  the  ceiling. 

The  band  mill  motors  are  on  the  lower  floor  and  are  belted  io 
le  lower  shaft  of  the  band  mill,  which  is  just  under  the  second 
oor.  The  cdger  motors  are  direct  c(mnccted,  the  rotor  being 
lounted  on  one  end  of  the  edger  shaft.  The  inertia  of  the  rotor 
id  saws  in  this  case  is  very  small  and  it  has  been  suggested  that  a 
y-wheel  be  added  or  that  the  motor  be  placed  down  stairs  with  a 
y-wheel  and  belted  to  the  edger  shaft  above.     This  would  allow 


212 


THE  ELECTRIC  JOURNAL 


a  smaller  motor  to  be  used  with  less  danger  of  stalling.  There  is 
considerable  time  lost  and  often  much  hard  work  connected  with 
getting  a  board  out  of  the  edger  that  is  stuck  because  the  motor 
stopped.  Hence  there  is  a  tendency  to  screw  down  the  circuit 
breaker  to  a  point  where  it  will  never  trip,  with  consequent  danger 
of  stalling  and  burning  out  the  motor. 

The  trimmer  and  slasher  motors  are  connected  by  flexible 
couplings  to  a  short  line  shaft  from  which  belts  run  to  the  individual 
saws.  In  the  lath  mill  the  bolter  and  lath  machine  are  both  direct 
connected.  In  the  filing  room  the  emery  wheels,  lap-grinders,  forges 
and  automatic  band  filers  are  individually  driven  with  motors  of 
two  and  three  horse-power  capacity. 


FUi.    7 — GENERAL    VIEW    OF    LOWER    FLOOR,    ELK    RIVER    PLANT,    POTLATCH 

LUMBER  CO. 

Showing  suspension  of  motors  driving  rolls  and  chains   for  floor  above. 

POWER    PLANT 


As  previously  stated,  the  fuel  for  the  furnaces  consists  of  saw- 
dust and  broken  slabs.  The  boilers  are  of  the  return  tubular  type 
with  two  banks  of  two  and  two  banks  of  three  boilers  each,  making 
ten  in  all.  They  furnish  steam  for  the  steam  turbines  and  dry  kiln, 
for  the  carriage  feed  in  the  mill,  the  "niggers"  which  turn  the 
logs  over,  and  the  "kickers"  wdiich  shove  the  slabs  and  boards 
onto  and  ofif  the  various  conveyors.  The  engine  room  contains  two 
turbo-generator  units  totaling  i  625  k.v.a.  They  are  designed  for 
600  volts,  three  phase,  60  cycles,  but  as  the  motors  are  all  built  for 
550  volts  the  generators  are  run  at  that  voltage. 
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Till-:  I'LAXJXG  -MILL 

The  planing  mill  has  twelve  planers,  designated  as  profilers, 
surfacers  and  matchers,  two  moulders,  two  rip  saws,  one  cut-off 
saw,  a  siding  saw  and  a  band  re-saw.  There  are  two  exhaust 
fans  and  a  charger  to  take  care  of  the  shavings.  The  motors 
are  all  of  the  squirrel  cage  t\j)e  with  the  exception  of  that  driving 
the  hand  re-saw.  which  has  a  wound  rotor  and  slip-rings  for  re- 
sistance starting.  This  equii)ment  differs  from  most  others  in  that 
75  horse-power  motors  are  used  on  all  the  planers  instead  of  the 
40  and  50  horse-power  motors  ordinarily  used.  They  were  chosen 
of  ample  size  to  overcome  the  trouble  generally  experienced  in 
starting  the  planers,  especially  on  cold  winter  mornings. 

THE  DREDGE 

Jhe  mill  pond  was  made  by  widening  the  channel  of  Elk  River. 


Fli..    8 — CHAIN    CUT-OFF    SAW    liKLTKU    TO    .\    TKN     HOKSF-POWKR.     I  200    R.P.M., 

SQUIkREL-C.\GE     MOTOR 

Tills  Stream  carries  considerable  sediment,  which  settles  in  the 
jHjnd,  so  a  floating  dredge  was  built  tn  keep  this  cleaned  out  and 
also  for  enlarging  the  pond  and  filling  in  low  places  around  the 
mill  and  yard.  Current  is  supplied  to  the  dredge  at  2200  volts 
and  is  stepped  down  to  440  volts  for  the  motors.  There  is  a  35 
horse-power  motor  belted  to  a  centrifugal  pump  and  a  30  horse- 
power motor  belted  to  a  line  shaft  from  which  are  operated  the  air 
pump,  the  m(;ving  mechanism  and  the  digging  apparatus. 

^.\I<I)  l,o( OMoTlVE.S 

rile  lumber  about  the  yard  is  all  handled  with  storage  battery 
locomotives,  each    having  two  ten    horse-power,   uo    volt    motors 
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geared  to  the  trucks.  The  batteries  used  are  the  new  Eidson  type 
and  will  run  the  locomotives  all  day,  but  a  boost  is  generally  given 
them  during  the  noon  hour.  The  up-keep  on  the  batteries  and  motor 
has  been  surprisingly  low,  considering  the  severe  service  and  inex- 
perienced operators  that  often  have  to  be  depended  upon. 

LOGGING  DONKEYS 

Adjoining  the  power  house  is  a  600  k.v.a.  transformer  station 
stepping  the  bus-bar  voltage  up  to  11  000  volts  for  a  four  mile 
transmission  line  into  the  woods  (Fig.  10),  where  are  working  at 
present  two  logging  donkeys  with  150  horse-power,  three-phase, 
550  volt  motors  of  the  wound  rotor  type.    Each  donkev  is  connected 


FIG.   9 — SAWDUST   CONVEYOR   CHAIN   DRIVEN   BY   A   TEN    HORSE-POWER,   600 
R.P.M.   BACK-GEARED   WOUND   SECONDARY    MOTOR 

to  a  portable  sub-station  of  200  k.v.a.  capacity  by  an  armoured 
three-wire  cable,  as  shown  in  Fig.  11.  Each  donkey  also  has  a  75 
horse-power  motor  which  runs  an  air  pump  furnishing  compressed 
air  for  the  clutches  and  brakes  of  the  line  drums.  These  logging 
donkeys  have  what  is  known  as  the  sky-line  equipment.  In  this  sys- 
tem a  cable  is  run  into  the  woods  and  a  carriage  is  run  on  this  cable 
which  is  hung  on  supports  about  thirty  feet  from  the  ground.  The 
V>gs  are  brought  in  by  fastening  one  end  to  this  carriage  and  letting 
the  other  end  take  care  of  itself.  Sometimes  it  is  dragging  on  the 
ground,  while  at  other  times  it  may  be  three  or  four  hundred  feet 
in  the  air  as  it  crosses  a  canyon.    From    one    to   four  logs   are 
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taken  at  a  time,  according  to  the  size,  and  the  speed  is  very  tnuch 
higher  than  with  the  gromid  line  donkeys,  which  (h"ig  tlicir  loads 
on  the  ground.  The  service  on  these  donkeys  is  very  severe  and 
the  motor  must  be  of  specially  rugged  construction.  An  electro- 
magnetic brake  is  provided  on  one  end  of  the  motor  and  c(jnnected 
across  two  of  the  motor  leads  so  that  while  the  motor  is  running 
the  brake  is  released,  but  sets  immediately  when  the  power  is  off 
the  motor.  The  average  load  of  one  of  these  donkeys  for  the  day  i$ 
about  60  horse-power,  with  an  average  power-factor  below  50  per- 
cent, that  is,  a  recording  wattmeter  registers  about  400  k\v-hr.  for 
ten  hours.  An  indicating  wattmeter  registers  all  the  way  from  30 
to  400  kw,  with  quite  long  intervals  of  rest  at  times. 

MOTOR   LOAD   FACTORS 

Upon  making  a  wattmeter  study  of  the  various  motors  in  use 


FfG.    10 — II  000   VOI.T    TKANSMISSIO>f    LINK    THROCGH    THE    WOODS    TO    AN 

ELECTRIC    DONKEY 

at  KIk  River,  it  was  found  that  most  of  them  were  running 
much  below  their  rated  capacity  most  of  the  time,  so  the  power  fac- 
tor at  the  power  house  is  quite  low — about  sixty  percent.  On  the 
other  hand,  all  of  the  motors  are  called  upon  at  times  to  deliver  more 
than  their  rated  capacity  for  short  intervals.  For  instance,  on  start- 
ing up  the  conveyors  and  rolls  on  a  cold  morning  the  motors  have  to 
deliver  more  than  their  rated  horse-power  for  some  little  time. 
Then  at  times  the  roIU  get  clogged,  ami  ;in  accumulation  of  slabs 
and  sawdust  arc  dumped  into  a  conveyor  at  one  time.  The  band 
uvs.  edgers  and  slashers,  of  course,  have  quite  a  varied  iiUermit- 
cnt  load.    Although  the  average  load  of  the  eight-foot  edger  is  less 
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TABLE  I— LIST  OF  MOTOR  APPLICATIONS  IN  ELK  RIVER  MILL 

SAW  MILL 

Machine 

Horse           ,..,,„                 Method  of   Con-            Speed, 
Power           1^1™  01   Ro'^«'                  nection                    R.P.M. 

Band    Saws    (3) 

Edger    (6    Ft. ) 

Edger    ( S    Ft. ) 

Slasher     

Trimmer     

200  each          Wound                  1  Belted                                     900 

50                    Squirrel  Cage        Direct                                     ISOO 
75                         ..           ..                i< 

40                           "            "                  "                                               600 
30                            "            "                  "                                               720 
40                            "            "                 "                                               720 
40                    Wound                    Belted                                       900 
10                    Squirrel  Cage             '■                                          1200 
15              ;       Wound                         "                                            600 
25             i            "                               "                                          1200 
15              1            "                               "                                            600 
15             \ 
10  each               "                          hack  Geared,  Cliain 

Drive 
15                         "                          Bolted                                        "               , 
10             :           "                             "                               i 
15                        •'                         Back  Geared,  Belted              " 
15  each    1           "                       |     "           "           "                   " 
7.5  "       j           "                         Back  Geared,  Chain 

Drive                                     900 
7.5  &  5                "                          Back  Geared,  Chain 

Drive                                     900 
25                   Squirrel  Cage       Back  Geared,  Belted           1200 
10                           "            "          !  Belted                                     1200 

1 

Hog     

Bull    Cliain     

Chain  Saw 

Slasher  Conveyor 

Burner           '•  "         

Slab               "           

Cross             "           

Sawdust       "  (4) 

Boiler   Room   Conv .... 

Slasher   Chains    

Trimmer       "         (2)  .  .  . 
Log    Deck     "         (3)  .  .  . 

Band    Mill    Rolls    (3)  .  . 

Timber  Chains  &  Rolls. 
Incline    Chains 

PLANING  MILL 

Band    Resaw    

Planers    (10)     

Inside    Moulder    

Outside    Moulder    

Rip    Saws     (2) 

Cut-Off    Saw     

Exhaust    Fans    ( 2  )  .  .  .  . 
Charger     

50 
75 
30 
10 
5 
5 
50 
50 

Wound 

Squirrel  Cage 
t(            Ik 

.  •(            it 

tt           if 

.<            (( 
((            if 

Direct 
Belted 

it 
it 
it 

Direct 
Belted 

600 
1200 
1200 
1200       '■ 
1200       ■■ 
1200 

514 

900 

MACHINE  SHOP 

Line   Shafts   (3) 

7.5         1       Squirrel  Cage       Belted                                   1200 

1 

FORGE  ROOM 

Blower     

3 

Squirrel  Cage 

Belted                                   1200 

DREDGE 

Pump     

Line*   Shaft    

1 
35                   Squirrel  Cage      '  Belted 
30 

1200 

ELECTRIC  DONKEYS 

Line  Drums    

150 

AVound  Rotor 

Geared 
it 

900 
1200 

Air  Compressor    

7.5 

Squirrel  Cage 
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tiian  40  norse-power,  the  75  horse-power  motor  used  is  sometimes 
stalled.  In  the  planing  mill  the  75  horse-power  motors  could  be  re- 
placed by  50  horse-power  motors.  The  only  question  involved  is 
whether  the  lower  cost  and  better  power-factor  will  over  balance 
the  possibility  of  burn-outs  and  delays  caused  by  warming  uj)  a 
planer  by  running  it  awhile  with  part  of  the  belts  removed. 


FIG.    II — ELECTRIC   LOGGIXG   HON  KEY   IM   THE   FOREST 

Drnin   Controller  at   the  left;   line  drums   in   fftrcuronnd  ;   amniclcr   anu 
ci.cnit  iTcakfi  at  rear;  armored  ealile  from  transformers  at  left. 

The  operation  of  the  Elk  River  Mill  has  been  very  satisfactory 
in  the  two  years  it  has  been  running;  this  is  due  partly  to  the  ample 
size  of  the  motors  used  and  to  the  care  given  the  electrical  equip- 
ment, as  well  as  the  care  used  in  laying  out  the  mill  and  selection 
of  the  equipment. 


MOTOR-DRIVEN  CENTRIFUGAL  PUMPS 

E.  C.   WAYNE 
Commercial  Engineer,  The  Goulds  Manufacturing  Co. 

ALTHOUGH  the  first  centrifugal  pump  was  manufactured  in 
this  country  nearly  one  hundred  years  ago,  it  is  only  within 
the  past  decade  that  engineers  have  recognized  its  peculiar 
fitness  for  certain  conditions.  Both  on  account  of  the  rapidity  with 
which  the  use  of  centrifugal  pumps  has  increased  and  because  of 
the  characteristics  of  such  a  pump,  which  differ  widely  from  those 
of  any  other  pumping  unit,  the  necessary  data  for  the  correct  ap- 
plication of  a  centrifugal  pump  has  not  been  generally  available. 

CAPACITY  AND   HEAD 

Those  who  have  used  pumps  of  the  reciprocating  type  exclu- 
sively are  apt  to  think  of  capacity  in  terms  of  speed,  regardless 
of  the  head  against  which  the  pump  operates.  In  the  case  of  a  cen- 
trifugal pump  there  is  an  intimate  relationship  between  the  two, 
and  in  making  an  application  of  a  motor  driven  centrifugal  pump 
the  following  inherent  characteristics  of  the  apparatus  must  be 
taken  into  account : — r 

I— With  constant  head  the  capacity  will  varj'  as  the  square  of  the  speed. 
2 — With  constant  speed  the  capacity  will  vary  inversely  as   the  square 

of  the  head. 
3 — The  head  is  proportional  to  the  square  of  the  speed,  the  volume  being 

proportional  to  the  speed. 

The  above  statements  are  not  absolutely  correct  in  that  they 
do  not  take  into  consideration  the  friction  losses  in  the  pump, 
which,  of  course,  vary  according  to  the  design.  However,  the  results 
obtained  by  the  application  of  these  laws  are  accurate  enough  for 
most  requirements.  From  this  it  is  evident  that  there  should  be  a 
definite  understanding  as  to  whether  constant  head  and  capacity 
are  desired,  and  if  not,  what  range  must  be  accommodated.  It  is 
also  important  to  know  approximately  the  percentage  of  time  the 
pump  will  be  operating  under  each  capacity.  For  example: — Sup- 
pose that  a  capacity  of  400  to  600  gallons  per  minute  against  a  50 
foot  head  is  desired.  The  problem  that  confronts  the  manufacturer 
is  to  select  an  equipment  which  will  have  an  overall  efficiency  as 
High  as  possible.  There  are  two  ways  to  meet  the  conditions : — 
First,  reducing  the  speed  to  obtain  the  lower  capacity  in  accordance 
with  characteristic  i  mentioned  above,  and  second,  maintaining 
constant  speed  and  throttling  the  discharge,  which  really  amounts 
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to  building  up  the  head  with  consequent  reduction  in  capacity,  in 
accordance  witli  characteristic  2. 

Speed  variation  involves  additional  expense  in  so  far  as  the 
electrical  end  of  the  equipment  is  concerned  and  should  not  be  rec- 
ommended unless  an  analysis  shows  that  the  use  of  this  method 
insures  lower  operating  expense.  The  only  way  to  arrive  at  such 
cost  is  to  know  the  length  of  time  the  pump  is  operating  under  each 
capacity,  determine  the  power  required  in  the  case  of  each  method, 
and  from  this  data  the  relative  cost  for  current  can  be  calculated. 

Where  the  conditions  call  for  constant  capacity  at  a  given  head 
the  pump  can  be  operated  at  constant  speed  and  the  only  point 
which  requires  special  consideration  is  the  possibility  of  reduction 


FIG.    I — SINGLE    STAGE.    SINGLE    SIDE    SUCTION.    HORIZONTAL    SHAFT,    OPEN 
TYPE     IMPELLER    CENTRIFUGAL     PUMP 

This  pump  is  adapted  to  installations  where  the  head  does  not  exceed 
TOO  feet.  On  account  of  the  large  open  water  passages,  it  is  extensively 
used  for  handling  sewage  and  for  stock  pumping  in  pulp  and  paper  mills. 
For  the  same  reason  it  has  a  large  field  in  irrigation,  mining  and  contracting 
work,  as  the  water  in  such  cases  is  apt  to  contain  considerable  sand  and  grit. 
A  great  many  of  these  pumps  are  also  used  for  general  water  supply  and 
booster  service. 

of  head  to  such  an  extent  as  to  seriously  overload  the  motor.  As 
the  head  is  reduced  the  capacity  of  the  pump  increases,  the  amount 
of  increase  depending  upon  the  design  of  the  pump.  Consequently. 
the  manufacturer  who  is  furnishing  the  pump  should  be  requested 
to  advise  the  horse-power  required  at  the  shaft  when  the  apparatus 
is  operating  against  the  minimum  head.  With  this  information  it 
will  be  possible  to  select  a  motor  of  such  capacity  that  it  cannot  be 
seriously  overloaded.     Pue  to  the  advances   which   have   recently 
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been  made  in  the  design  of  centrifugal  pumping  machinery,  it  is 
now  possible  to  obtain  apparatus  equipped  with  a  non-overload  im- 
peller. With  this  feature  the  capacity  at  the  minimum  head  is  so 
restricted  that  the  motor  overload  cannot  exceed  25  percent,  which 
any  well  known  commercial  machine  will  stand  for  two  hours  with- 
out serious  heating.  It  should  be  definitely  understood,  however, 
that  all  centrifugal  pumps  do  not  have  this  characteristic,  and  for 
this  reason  the  question  deserves  special  attention  prior  to  the  selec- 
tion of  a  pump  and  motor  to  drive  it.  The  centrifugal  is  essen- 
tially a  velocity  pump  and  in  many  instances  even  those  who  have 
used  a  pump  of  this  type  do  not  fully  appreciate  how  sensitive  it 

is  to  speed  changes.  It  will,  therefore,  be  well  to  outline  just  what 
factors  should  be  considered  in  determining  the  head,  for  without 


FIG.    2 — SINGLE    STAGE,    DOUBLE    SUCTION,    HORIZONTAL    SHAFT,    ENCLOSED 
IMPELLER    CENTRIFUGAL    PUMP 

This  outfit  is  for  installations  where  the  head  is  not  greater  than  150  to 
160  feet.  The  majority  of  these  pumps  are  used  for  general  water  supply, 
hot  water  circulation  in  heating  systems,  irrigating  plants,  booster  and  mine 
service. 

a  clear  understanding  of  this  point  a  motor  of  proper  capacity  and 
speed  cannot  be  selected. 

For  example,  a  manufacturer  built  a  centrifugal  fire  pump  to 
be  driven  by  a  direct-current  motor  supplied  by  the  purchaser.  The 
apparatus  was  designed  to  deliver  500  gallons  per  minute  against 
100  lbs.  pressure  and  the  pump  builders  specified  a  motor  speed  of 
I  700  r.p.m,  Upon  testing  the  equipment  it  was  found  to  deliver 
390  gallons  per  rninute  against  100  lbs.  pressure.  Investigation 
showed  that  the  motor  was  operating  at  only  i  525  r.p.m.,  or  about 
to  percent  below  that  specified,    After  the  outfit  had  run  a  consid» 
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erable  lengtli  of  time,  however,  the  capacity  came  up  to  the  require- 
ments and  upon  further  checking  the  motor  speed  it  was  found  to 
be  I  700,  as  originally  called  for.  The  case  was  somewhat  unusual 
and  was.  therefore,  called  to  the  attention  of  the  electrical  manufac- 
turers. A  study  on  their  part  showed  that  there  was  a  wide  varia- 
tion in  motor  speed  when  running  cold  and  hot.  They  did  not  real- 
ize, however,  in  shipping  the  motor,  that  the  difference  would  make 
such  a  marked  reduction  in  the  performance  of  the  pump.  The 
motor  manufacturer  overcame  the  difficulty  by  supplying  a  field  rhe- 
ostat for  increasing  the  speed  of  the  motor  when  running  cold. 
After  the  motor  became  heated  the  rheostat  was,  of  course,  cut  out. 


Fir..     3 — MTLTI-STAGK     f  MiKKW  KM  KRS     CKXTRIFroAL     FIRK     PUMP 

Designed  primarily  for  supplying  water  under  high  pressure  to  fire  ser- 
vice mains.  When  intended  for  this  work  the  pump  is  equipped  with  special 
fillings.  This  type  of  pump  is  also  largely  used  without  the  special  fittings 
fo;  ginenl  water  supply,  where  conditions  call  for  higher  pressure  than  can 
be  obtained  with  a  single  stage  pump. 

If  a  permanent  slnmt  had  been  suj^plicd  the  speed  of  the  motor 
would  have  been  nearlv  i  <j()0  r.p.m.  when  heated  and  the  machine 
would  have  been  overloaded  ajiproxituately  33  percent.  This  will 
illustrate  the  importance  of  using  a  motor  in  accordance  with  the 
pump  builders'   recommendations. 

Special  emphasis  should  be  placed  on  the  increase  in  head  dwf 
to  friction   in  the  ])iping.   It   sometimes   happens   tlrat   a   purchaser 
measures  the  static  head  and  entirely  neglects  any  all«~»wance  for  ^••''' 
tion.    With  a  reciprocating  pump  such  oversight  would  not  be 
to  cause  dilTiculty  provided  sufficient  power  were  available.    Hn  the 
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other  hand  the  capacity  of  the  centrifugal  would  be  much  less  than 
desired.  This  brings  up  another  interesting  situation  resulting  from 
the  advertising  on  the  part  of  electrical  concerns  advocating  indi- 
vidual motor  drive  for  many  installations.  Whereas  formerly  line 
shafting  was  used  almost  entirely  for    operating    machine    tools, 

pumps,  etc.,  the  tendency  to-day  is  to 
use  a  separate  motor  for  each  machine. 
With  shaft  drive  many  people  have  no 
idea  of  the  power  required  by  the  va- 
rious machines,  whereas  with  the  new 
arrangement  it  does  not  take  them 
•^     §9t^\  \o\\%  to  find  out  if  they  have  made  an 

fj    l^&m  improper  motor  application. 

DETERMINATION  OF  TOTAL  HEAD 

The  total  head  against  which  a  cen- 
trifugal pump  operates  is  made  up  of 
the  sum  of  four  factors,  viz.,  suction 
lift,  discharge  head,  friction  head 
(due  to  losses  in  pipe  line)  and  veloc- 
ity head.  Suction  lift  is  the  vertical 
distance  from  the  level  of  the  water 
to  be  pumped  to  the  center  line  of  the 
pump.  If  the  water  level  is  above  the 
center  line  of  the  pump,  the  pump  is 
then  said  to  operate  under  a  suction 
head  and  the  distance  must  be  sub- 
tracted from  the  sum  of  the  remain- 
ing factors.  The  discharge  head  is 
the  vertical  distance  between  the  cen- 
ter line  of  the  pump  and  the  level  to 
which  the  water  is  elevated.  The 
friction  head  is  determined  by  re- 
ferring to  tables  which  give  the  losses 
in  pipe  lines  and  elbows  for  different 


FIG.    4 — VERTICAL     CENTRIFUGAL 
SUMP    PUMP 

Directly  connected  to  ver- 
tical electric  motor.  A  great 
many  of  these  pumps  are  used 
for  draining  basements,  hand- 
ling domestic  sewage  and  for 
similar  work,  where  the  liquid 
to  be  pumped  accumulates  in  a 
pit  or  sump.  The  motor  is 
usually  controlled  automatical- 
ly by  a  starting  device  actuat- 
ed by  a  float  in  the  sump. 


sizes    and    capacities.      The    velocity 

head  H  in  feet  is  determined  by  solving  for  U  in  the  equation, 

V^  .  . 

H  =  -^ where  V  is  the  velocitv  of  the  water  at  the  discharge 

64.4  -  * 

nozzle  of  the  pump  in  feet  per  second.     In  all  cases  where  possible, 

a  sketch  should  be  furnished  showing  the  length  and  size  of  the 

pipe  line  which  will  be  used  with  the  centrifugal  pumping  unit,  as 
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well  as  the  number  and  cliaracicr  ot  the  bend>  and  other  pipe  m- 
tings.     With  this  data  the  pump  manufacturer  can  readily  estimate 
the  horse-power  and  speed  required  at  the  pump  shaft.     It  is  safe 
to  say  that  the  great  majority  of  troubles  experienced  with  cen- 
trifugal pumps  have  been  due  to  an  incorrect  understanding  of  the 
importance  attached  to  the  question  of  head.     Electrical  salesmen 
and  central  station  solicitors  will,  therefore,  be  doing  the  best  kin<I 
of  missionary  work  if  they  strive  to  "drive  this  pomt  home"  when- 
ever they  hear  that  one  of  their  customers  is  considering  a  motor- 
driven  centrifugal  pump  installation. 


POWER    REQUIREMENTS 

The  driving  power  required  by  a  centrifugal  pump  will  vary 

directly  with  the  pro- 
duct of  the  capacity 
and  head.  It  will  be 
of  assistance  in  this 
connection  to  consid- 
er a  concrete  proposi- 
tion, the  conditions  of 
which  are  as  follows : 


Capacity.  800  gal- 
lons per  minute;  static 
suction.  5  feet ;  suction 
pipe.  25  feet  long,  6 
inches  diameter,  one  90 
degree  bend ;  static  dis- 
charge head.  34  feet: 
discharge  pipe.  300  feet 
li>ng,  6  inches  diameter, 
one  90  degree  bend: 
current,  60  cycle,  three 
phase,  220  vohs. 


FIG.    5— TVPIC.\L    CK.NTklKLGAI,    I'LMp    CHARAC- 
TERISTIC CURVES 

Six-inch,  single-stage,  double-action  pump.  Av- 
erage r.  p.  m.  1740.  Sliowing  the  large  increase 
in  output  and  in  horse-power  required  of  the  mo- 
tor  for  a   slight   decrease  in   head. 


The  total  static  head  is  39  feet.  Adding  Ji  feet  for  friction 
and  velocity  (determined  from  hand-book  tables,  using  the  pipe  di- 
mensions as  a  basis)  the  total  net  head  amounts  to  60  feet.  The  pump 
manufacturer  finds  that  a  r>-inch  single  staged  niblc suction pumi) will 
fill  the  requirements  very  nicely  and  guarantees  an  efficiency  of  70 
percent.  The  horse-power  is  then  obtaiticd  by  the  use  of  the  following 

well  known  formula :— Brake  horse-power  =--  ^'^^-.^^^  '"'"•  ^'^  ''"'' 

3  c/k>       dV. 

=  17.3.    From  this  it  is  evident  that  a  20  horse-power  motor  should 

be  used,  as  it  is  the  nearest  commercial  size. 

In  order  to  operate  against  the  head  specified  the  impeller  of 
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the  pump  must  have  a  proper  peripheral  speed.  It  is,  therefore,  a 
question  of  using  a  large  diameter,  slow-speed  impeller  or  a  small 
diameter  high-speed  design.  Pump  manufacturers  usually  figure  on 
the  highest  speeds  possible  in  the  case  of  direct  motor  driven  units, 
as  this  reduces  the  cost  of  both  machines  and  also  cuts  down  the 
floor  space  required.  Furthermore,  the  pump  efficiency  is  better  wnth 
the  small  diameter  impeller  due  to  reduction  in  friction  losses.  In 
the  present  instance,  therefore,  a  motor  having  a  synchronous  speed 
of  I  800  r.p.m.  would  work  out  to  good  advantage.  The  perform- 
ance of  this  pump  is  well  illustrated  by  the  curves  in  Fig.  5.  which 
show  variation  in  head,  horse-power,  capacity  and  efficiency  obtained 
by  throttling,  it  being  understood  that  a  constant  speed  motor  is 
driving  the  pump.     This  curve  clearly  shows  the  maximum  load  to 

which  the  motor  can 
be  subjected.  T  h  e 
curves  in  Fig.  6^  show 
the  performance  of 
the  same  pump  at 
dififerent   speeds. 

Nothing  has  been 
said  in  the  above  dis- 
cussion about  the 
power  required  from 
the  moment  of  start- 
ing up  to  the  time  the 
pump  is  running  un- 
der n  o  r  m  a  1  condi- 
tions of  capacity  and 
head.  Assuming  that 
the  pump  has  been  primed  and  is  running  at  full-load  speed, 
with  discharge  valve  closed,  w'hich  is  the  ordinary  procedure,  the 
power  required  is  40  to  50  percent  of  that  necessary  at  the  same 
speed  with  the  pump  working  under  rated  conditions.  This  will  be 
evident  upon  noting  the  point  of  no  discharge  or  shut-off  pressure 
on  the  curves. 

Generally  speaking,  if  no  account  is  taken  of  the  static  friction 
of  the  bearings  and  the  inertia  of  the  moving  parts,  no  power  is  re- 
quired to  start  a  centrifugal  pump.  After  starting,  the  power  re- 
quired increases  as  the  cube  of  the  speed  until  full  speed  is  obtained. 
Therefore,  if  the  above  pump  is  started  up  with  the  discharge  valve 
closed,  the  power  will  build  up  to  9.5  horse-power  as  the  cube  of 
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VIKTICAL    t  ENTRIFUGAL 
PUMP 

Directly  connected  to 
vertical  motor,  the  two 
units  being  securely 
mounted  in  a  substantial 
structural  steel  frame. 
This  insures  correct 
alignment  and  makes  a 
very  satisfactory  equip- 
ment. Outfits  of  this 
sort  arc  largely  used  for 
sewage  disposal  systems, 
where  the  material  is 
screened  prior  to  enter- 
ing the  pump.  There  is 
also  a  w  i  (1  e  field 
for  such  pumps  in  irri- 
gating work,  where  a 
well  constitutes  the 
s.ource  of  supi)ly  and  the 
water  level  is  so  far  he- 
low  the  surface  of  the 
ground  as  to  preclude 
the  possibility  of  using  a 
horizontal  pump, 


the  speed.  If  the  same  piiinp  is  started 
with  the  valve  in  the  discharge  line  open, 
the  power  will  increase  from  zero  to  17.3 
horse-power  as  tlie  cube  of  the  speed. 

TYPES  OF    MOTOR.S 

Direct  Current — In  most  direct-current 
installations  a  shunt  wound  motor  is  used. 
A  machine  of  this  sort  with  standard  hand 
starter  is  very  satisfactory  where  the  ca- 
pacity and  head  are  constant.  When  the 
cciuipment  is  to  work  under  varying  head 
and  capacity,  it  is  possible  in  many  in- 
stances to  obtain  proper  speed  variation  by 
means  of  a  field  rheostat,  as  usually  an  in- 
crease of  15  percent  above  normal  can  be 
effected.  The  pump,  of  course,  is  so  de- 
signed that  the  desired  capacity  and  maxi- 
mum head  are  obtained  at  the  maximum 
j)ossible  motor  speed,  otherwise  there 
would  be  a  possibility  of  overloading  the 
driving  unit.  Where  a  greater  si)ecd  varia- 
tion is  necessary  a  \ariable  speed  motor 
should  be  used,  together  with  suitable  non- 
reversing  controller.  In  certain  in^^talla- 
tions  where  the  voltage  fluctuates  widely  it 
is  well  to  figure  on  compound-wound  mo- 
tors owing  to  their  tendency  to  maintain 
constant  speed. 

ALTERNATING-CURRENT   MOTORS 

The  great  majority  of  electrically  driven 
outfits  are  arranged  for  alternating  current. 
Where  the  requirements  call  for  constant 
speed  the  squirrel  cage  induction  motor 
with  hand  starter  is  very  satisfactory,  ex- 
cept in  certain  instances  where  the  rush  of 
current  at  starting  is  detrimental.  Tn  such 
cases  a  slip  ring  type  of  motor  may  be  used, 
as  it  is  possible  to  start  up  slowly  by  means 
of  suitable  controller  and  resistance    This 


236  THE  ELECTRIC  JOURNAL 

type  of  motor  is  also  used  where  the  conditions  require  a  variable 
speed  machine. 

Synchronous  motors  are  being  specified  in  a  few  instances  where 
the  power-factor  of  the  circuit  is  low.  In  applying  these  motors 
the  feature  requiring  most  attention  is  "pull-in-torque,"  that  is,  the 
torque  which  the  motor  develops  when  it  reaches  maximum  obtain- 
able speed  just  before  the  field  is  excited,  the  speed  at  this  time 
being  only  slightly  below  synchronism.  As  heretofore  stated,  with 
the  discharge  valve  closed,  pump  primed  and  operating  at  about 
normal  speed,  the  motor  must  develop  a  pull-in-torque  of  approxi- 
mately 40  to  50  percent  full  load  in  order  that  it  may  come  up  to 
synchronism.  At  slow  speeds  this  torque  cannot  be  obtained  ex- 
cept by  large  expensive  motors  and  by  drawing  an  exceedingly 
heavy  line  current,  but  with  moderate  and  high  speed  motors  it  can 
be  secured  without  excessive  line  current.  In  every  instance  where 
synchronous  motor  drive  is  being  considered  there  should  be  a  defi- 
nite understanding  between  the  pump  builder,  electrical  manufac- 
turer and  purchaser  as  to  the  power  required  at  starting.  The  design 
of  some  synchronous  motors  is  such  that,  at  the  instant  of  pulling 
into  synchronism,  only  about  15  percent  of  normal  torque  is  devel- 
oped. With  a  motor  of  this  type  the  only  method  of  starting  is  to 
have  the  pump  empty.  After  full  speed  is  reached  the  pump  is 
primed.  Starting  in  this  manner,  however,  cannot  be  considered 
satisfactory,  because  modern  high  grade  small  clearance  contrifugal 
pumps  should  not  be  run  "dry,"  i.  e.,  with  no  water  in  them.  Another 
scheme  is  to  start  the  outfit  with  a  smaller  independent  motor,  but 
in  view  of  the  satisfactory  self-starting  synchronous  motors  which 
are  now  on  the  market,  this  is  not  finding  favor. 


STANDARD  RATING  FOR  ELECTRICAL  APPARATUS 

A  RESUME  OF  THE  PAPERS  APPEARING  IN  THE  PROCEEDINGS  OF  THE  AMERICAN 
INSTITUTE  OF  ELECTRICAL  ENGINEERS  FOR  FEBRUARY 

CHAS.  F.  SCOTT 

FORTY-TWO  papers  on  one  topic,  containing  nearly  six 
luindred  pages,  make  the  February  proceedings  of  the 
American  Institute  of  Electrical  Engineers  a  notable 
volume.  The  character  of  the  papers — recording  results  of  ex- 
perience or  data  from  special  tests,  discussing  methods  of 
measurement  and  the  results  of  tests  and  proposive  new- 
methods  of  rating  and  testing  electrical  apparatus — as  well  as 
the  joint  authorship  of  the  first  paper  by  Messrs.  Steinmetz 
and  Lamme,  indicate  an  active  interest  in  an  important  matter. 
Furthermore,  the  papers  are  to  be  supplemented  by  discussion 
at  the  three-day  Mid-winter  meeting  of  the  Institute,  (inter- 
vening between  the  writing  and  the  printing  of  this  article)  so 
that  the  Standards  Committee  may  have  the  basis  for  a  revision 
of  the  part  of  the  Standardization  Rules  relating  to  the  Rating 
of  Electrical  apparatus. 

The  essential  features  of  this  group  of  papers  may  be 
indicated  thus : — 

I.— Fixing  certain  safe  temperatures  at  which  experience 
shows  that  diflferent  classes  of  insulating  materials  may  be 
operated  with  safety. 

2. — A  classification  of  the  service  conditions  of  motor  opera- 
tion and  a  description  (with  an  A.  I.  E.  E.  inscription  on  the 
nameplate)  of  the  capacity  under  each  of  these  several  condi- 
tions without  reaching  an  injurious  temperature. 

3- — Discussion  and  tests  of  methods  of  measuring  tempera- 
ture. 

4. — Discussion  and  tests  on  losses  and  their  measurement. 

5- — Miscellaneous:  the  sphere  gap  for  measuring  high  c.  m. 
f 's ;  wave  shape  ;  cables  ;  brush  and  commutator  losses  ;  regulation. 

Among  the  papers  dealing  with  rating,  the  two  leading 
ones  deal  with  "Temperature  and  Electrical  Insulation"  and 
with  the  "Method  >>{  Rating  I-'lcctrical  Apparatus"  in  which 
temperature  is  the  principal  determining  element.  More  than 
one-third  of  the  papers  deal  primarily  with  temperature  and  its 
measurement,  while  a  still  greater  proportion  deal  with  losses 
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and  their  measurement.  Losses  and  temperature,  therefore, 
consume  over  75  percent  of  the  consideration  given  to  rating. 

Why  so  lively  and  sudden  an  activity  in  so  seemingly 
simple  and  supposedly  settled  matters  as  the  measurement  of 
temperature  and  of  power  losses  and  the  rating  of  electrical 
machinery?  What  in  general  terms,  are  the  technical  points 
involved  in  the  present  papers  and  what  is  the  practical  sig- 
nificance of  proposed  changes?  What,  we  may  even  ask,  is 
the  Standards  Committee  and  what  is  the  function  and  author- 
ity of  the  Standardization  Rules? 

It  is  opportune  to  review  the  whole  matter  from  a  broader 
standpoint  than  the  technical  discussion  of  the  papers  them- 
selves. 

Origin  of  A.  /.  E.  E.  Standardization — Fifteen  years  ago, 
the  January  meeting  of  the  Institute  was  devoted  to  a  topical 
discussion  on  "The  Standardization  of  Generators,  Motors  and 
Transformers."  The  discussion  was  opened  by  Mr.  E.  W.  Rice, 
Jr.,  who  said  the  chief  object  was  a  thorough  discussion,  after 
which  the  matter  could  be  referred  to  a  committee  with  instruc- 
tions to  consult  with  various  interested  parties  and  report  its 
conclusions,  with  recommendations  The  initial  point  of  view 
is  indicated  l)y  condensed  extracts  from  his  remarks. 

"The  advantages  of  establishing  certain  standard  types  and  sizes 
of  apparatus  have  been  full}-  recognized.  Such  standard  lines  have 
been  arbitrarily  determined  by  each  of  the  different  manufacturing 
companies.  Competition  has  tended  to  increase  the  number  of  standard 
sizes  and  the  development  of  the  industry  has  added  enormously  to 
the  variety  of  the  apparatus  in  use.  The  adoption  of  such  standards 
has  been  one  of  the  greatest  factors  in  the  phenomenal  development 
of  the  industry  in  the  United  States.  It  has  enabled  our  manufacturers 
to  produce  the  standard  lines  selected  at  phenomenally  low^  cost  and 
has  also  resulted  in  an  equally  great  improvement  in  quality.  The 
chief  beneficial  effect  of  an  agreement  would  be  to  limit  the  demand 
for  special  apparatus  which  may  have  to  be  manufactured  by  compara- 
tively expensive  and  less  perfect  methods.  The  manufacturer,  while 
undoubtedly  animated  by  selfish  motives  in  advocating  standard  ap- 
paratus where  possible,  is  at  the  same  time  advocating  the  best  interests 
of  the  industry  as  a  whole. 

"Certain  features  of  the  subject  could  and  should  properlj^  be 
considered  by  the  Institute.  I  refer  to  the  terms  used  to  define  certain 
characteristics  and  the  methods  of  determining  them;  viz..  1 — Definition 
of  efficiency.  2 — Heating  limits  and  methods  of  determining  them.  3 — 
Regulation.  4 — Sparking.  5 — Insulation,  methods  of  testing.  6— Rating. 
7 — Frequency." 
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It  is  interesting  to  note  ln)\v  nearly  tliis  original  schedule 
has  been  followed.  In  comnu-ntinL;  \\\n\\\  frequency  it  is  re- 
marked that  "alternating  current  machinery  is  being  built  for 
frequencies  of  25,  30,  33.  40.  50,  60,  66,  125  and  133  cycles  in  this 
country."  The  practical  elimination  of  all  ijut  two  of  these 
indicates  a  progress  toward  which  A.  1.  \\.  V..  recommendations 
have  materially  contributed. 

Dr.  Kennelly,  now  chairman  of  the  Standards  Committee, 
said  in  the  early  discussion  that  "questions  of  what  regulation 
sh(juld  mean,  what  temperature  elevation  should  mean  and  how 
it  should  be  measured,  what  efficiency  should  mean,  etc.,  arc 
eminently  practical  and  proper  technical  questions  to  be 
settled  and  defined  by  recommendation  of  the  Institute.  They 
would  faciltate  progress.  But  I  should  be  inclined  to  regard 
with  disfavor  any  attempt  to  standardize  apparatus  in  any 
other  way  than  l)y  the  process  of  evolution  among  business 
interests." 

To  Dr.  Steinmetz  the  problem  appeared  to  have  "two 
different  phases;  one  is  standardizing  the  meaning  of  terms, 
and  the  other  is  standardizing  the  methods  of  tests." 

The  early  interest  is  manifested  l)y  the  fact  that  over  a 
score  took  part  in  the  discussion  which  was  held  simultaneously 
in  New  York  and  Chicago.  A  committee  was  appointed  and 
has  been  in  continuous  existence;  the  first  report  issued  in  i8</; 
has  had  two  principal  revisions,  in  1902  and  1907.  A  further 
revision  is  imminent. 

Standardization  Rules — There  is  no  formal  and  specific 
statement  of  the  scope  and  purpose  of  the  rules.  l)ut  an  ac- 
quaintance with  the  working  of  the  committee  for  several 
years  indicates  that  its  policy,  in  accord  with  the  ideas  de- 
veloped in  the  discussion  in  iS<)(S,  is  to  present  a  scheme  i>i 
good  practice  which  may  be  accepted  generally,  thus  insuring 
uniformity.  In  addition  to  definition  of  terms,  the  methods 
which  have  proved  best  by  experience  have  been  chosen  and 
ffirmulated — rarely  have  the  rules  presumed  to  direct  the  trend 
of  future  development. 

The  sanction,  which  the  ])rofessional  endorsement  of  the 
committee  has  given,  has  been  generally  accepted,  and  often 
the  rules  have  been  given  greater  weight  than  was  intended  by 
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the  committee.  The  rules  have  sometimes  been  regarded  as 
having  an  absolute  authority,  or  as  covering  a  subject  broadly 
and  conclusively  whereas  the  committee  had  simply  endorsed 
what  represented  the  best  knowledge  or  practice  then  available. 
For  instance,  the  table  of  sparking  distances  between  needle 
points,  originally  submitted  by  Dr.  Steinmetz,  received  the 
comment  from  him  a  few  years  ago  that  a  re-determination  of 
sparking  distances  was  desirable  in  the  light  of  new  knowledge 
of  high  tension  phenomena.  Some  have  expressed  surprise  that 
special  provision  was  not  made  in  the  insulation  tests  for  trans- 
formers which  were  to  have  one  terminal  permanently  ground- 
ed ;  but  they  overlooked  this  sentence : 

"The  voltages  and  other  conditions  of  test  which  are  recom- 
mended have  been  determined  as  reasonable  and  proper  for  the 
great  majority  of  cases  and  are  proposed  for  general  adoption,  ex- 
cept when  specific  reasons  make  a  modification  desirable." 

It  happened  that  a  number  of  rules  were  drafted  providing 
appropriate  tests  for  various  specific  transformer  connections, 
but  it  was  found  difficult  to  cover  all  cases,  and  it  was  deemed 
best  to  give  general  rules  and  leave  specific  cases  to  adjustment 
between  the  engineers  who  would  have  to  do  with  the  specifi- 
cations of  transformers  which  were  large  enough  to  render  special 
tests  of  importance. 

Past  policy  is  indicated  in  the  opening  paragraph  relative 
to  definitions  which  say: 

"The  following  definitions  and  classifications  are  intended  to 
be  practically  descriptive  and  not  scientifically  rigid." 

The  Institute  is  a  professional — not  a  commercial — body; 
it  may  well  continue  to  limit  itself  to  principles  and  to  the 
sanction  of  what  is  at  the  time  the  best  practice;  its  function 
is  not  to  make  commercial  rules,  but  to  recognize  the  engineer- 
ing principles  upon  which  commercial  specifications  may  be 
based. 

The  Rating  of  Apparatus — The  latest  Webster  says,  "Rat- 
ing— The  normal  (designed)  or  estimated  value  of  some  quan- 
tity, as  power  or  speed  in  a  machine  or  apparatus.  Thus, 
a  lo  horse-power  motor  run  at  12  horse-power  is  run  above 
its  rating."  Rating  seems  to  be  something  quite  simple 
and    definite.      But    suppose   a   motor    has    lost   its    nameplate. 
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What  tests  would  be  necessary  to  determine  a  rating  for  it  and 
to  supply  the  nameplate  data,  such  as  volts,  amperes,  speed  and 
horse-power?      What    are    the     practical     limits    to     volts     and 
amperes  and  speed  and  horse-power?  These  limits  are  primarily 
in  the  materials.    A  motor  is  essentially  a  combination  of  iron, 
copper    and     insulation.     The    volts     depend     largely     upon     the 
quality  of  the  iron,  the  amperes  upon  the  copper,  the  life  of  the 
insulation  upon  the  resulting  temperature  to  which  it  is  sub- 
jected, and  the  speed  is  limited  by  mechanical  strength.     In  no 
case  is  there  a  critical  point  or  a  definite  physical  limit,  which 
fixes  the  commercial  rating.     It  is  no  wonder  that,  in  the  early 
days  before  conferences  were  held  and  definitions  and  arbitrary 
hmits    were    fixed,    the    ten    horse-power    motors    of    different 
manufacturers  which  had  been  "rated"  according  to  the  ideas 
of  different  designers,  might  differ  widely  in  their  actual  capa- 
bilities.    Even     though     ten     horse-power     motors     of     different 
brands    may    have    corresponding    electrical    capabilities,    new 
difl^iculties   occur   in   applying   the   motors,   for   the  "ten   horse- 
power" required  for  the  driving  of  a  uniformly  running  ventilating 
fan,  is  quite  diflferent  from  the  "ten  horse-power"  fur  an  inter- 
mittent planer  or  an  occasionally  running  saw. 

The    rating    of    electrical    ap])aratus    is.    therefore,    not    so 
simple  a  matter  as  it  may  at  first  appear.     As  a  first  approxima- 
tion, it   is   a   simple   matter  to   say   that   a   m..t..r   is   capable  of 
delivering  ten   horse-power  and  can   rei)lace  a   ten   horse-power 
engine.     When  refinements  are  considered,  including  the  speed 
regulation,  the  efficiency,  the  overload  capacity  and  the  tempera- 
ture, and  when  diflferent  motors  are  to  be  compared   in   these 
respects,  then  a  much  more  accurate  knowledge  of  the  motor's 
capabilities    is    necessary.      These    refinements    are    a    natural 
acc(>mi)animent  of  the  closer  adaptation  of  the  motor  to  the  duty 
it   is   t..  perform.      Better  materials  and   better   knowledge  and 
experience   on    the   part  of   designers   enable   motors   to  be  made 
lighter  and  cheaper  and  to  meet  definitely  the  requirements  of 
a   specific   performance.      Furthermore,    the    service  to   be   per- 
formed  by  motors,   in   the  matter  of  speed   regulation  and   the 
like,  is  far  more  definite  and  exacting  than  in  the  old  days  when 
the  motor  simply  replaced  a  little  engine.     HetKe  new  materials, 
new  ability  in  design  and  new  service  conditions  all  call  for  a 
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more  exacting  definition  of  motor  performance.  The  early  rules 
contained  no  motor  classification,  but  in  1907  it  was  proposed  to 
classify  motors  according  to  their  constant  or  variable  speed  charac- 
teristics. The  new  classification  is  based  primarily  not  on  the  char- 
acteristic of  the  motor,  but  upon  the  service,  and  there  are  six 
proposed  service  ratings,  three  of  which  are  termed  continuous, 
and  three  short-time  ratings,  each  being  divided  into  constant 
service,  continued  periodic  service  and  continued  pulsating  ser- 
vice. This  distinction  is  significant  as  it  indicates  the  general 
tendency  to  design  and  adapt  electrical  apparatus  to  meet  the 
service  to  be  performed.  A  service  classification  must  neces- 
sarily be  an  arbitrary  one,  as  there  are  no  distinct  and  absolute 
divisions  between  the  difl:"erent  classes.  If  each  manufacturer 
were  to  establish  his  own  arbitrary  classifications  and  each  con- 
sulting engineer  devised  new  specifications,  which  may  best 
meet  his  particular  conditions,  obvious  confusion  would  follow. 
The  suggestion  is  now^  made  that  these  Institute  classifications 
be  recognized  by  all  and  that  the  name  plates  of  machinery 
rated  in  accordance  with  the  future  rules  of  the  Institute  bear 
the  inscription  of  the  A.  I.  E.  E. — a  most  excellent  suggestion. 

Electrical  apparatus  in  operation  may  be  said  to  have  three 
responsibilities ; — one  to  the  central  station  which  supplies  the 
power;  one  to  the  customer,  and  one  to  itself.  In  a  transformer, 
for  example,  the  central  station  is  concerned  princii)ally  with 
the  losses  in  the  transformer.  These  are  due  primarily  to  the 
presence  and  cjuality  of  tiie  iron.  The  user  of  the  power  is 
concerned  mainly  with  the  voltage  or  quality  of  the  service 
which  he  receives ;  this  is  determined  principally  by  the  copper 
windings  of  the  transformer.  On  the  other  hand,  the  trans- 
former itself  is  concerned  principally  with  its  preservation,  and 
this,  in  turn,  depends  very  largely  upon  the  third  material  of 
which  it  is  composed,  namely  the  insulation.  The  life  of  the  in- 
sulation is  in  turn  a  function  of  the  heat  developed  in  the  trans- 
former and  the  facilities  for  the  dissipation  of  that  heat.  Losses 
and  temperature  are,  therefore,  the  factors  of  predominating 
importance  in  the  cost  of  operation  and  in  the  life  of  the 
apparatus,   whether   it   be   transformer   or   generator   or   motor. 

The  fact  that  a  third  of  the  papers  relate  directly  to  tern- 
perature  seems  surprising.  The  simple  statement  that  the 
temperature   of  an   apparatus   must   not   exceed   40   degrees   C. 
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above  the  surrounding'  air  is  as  simple  and  seemingly  dcfinilj 
and  satisfactory  a  specification  as  could  be  wished.  On  second 
thought  one  can  see  some  difficulties  in  measuring  the  internal 
temperature  of  a  rotating  armature  or  of  an  inclosed  trans- 
former, but  what  could  be  simpler  tlian  the  measurement  of 
the  adjacent  air  with  a  thernKjmeter.  Nevertheless,  several 
papers  arc  devoted  to  the  measurement  of  the  surrounding  air, 
and  it  is  shown  that  if  the  temperature  of  the  air  changes  from 
time  to  time,  while  that  of  the  apparatus  changes  slowly,  a 
casual  measurement  may  be  very  greatly  in  error,  and  it  is 
difficult  to  prescribe  just  how  to  determine  the  mean  or  effec- 
tive air  temperature.  ( )n  the  other  hand,  one  paper  shows  that 
the  method  of  covering  the  bulb  of  an  ordinary  thermometer 
lying  on  a  metal  plate  heated  to  about  the  permissible  tempera- 
ture of  an  armature  may  lead  to  differences  of  nearly  ten  de- 
grees in  the  indication,  while  there  may  be  nearly  20  degrees 
between  the  covered  and  uncovered  bulb. 

It  is  little  less  than  startling  to  find  that  the  temperature 
specification,  upon  whicli  millions  of  kilowatts  of  electrical 
apparatus  ha\e  been  sold,  is  a  matter  of  so  great  uncertainty 
and  divergence  of  practice.  The  whole  group  of  papers  on 
losses  and  temperature  indicate  the  new  factors  which  appear 
when  careful  technical  analysis  is  applied  to  what  has  been 
assumed  to  be  simple  and  well  established. 

In  the  measurement  of  losses  the  input-output  method 
is  difficult  to  apply  as  slight  errors  in  the  measurement  of  either 
element  may  cause  a  large  error  in  their  dift'erence.  On  the 
other  hand  the  direct  measurement  of  the  losses  usually 
a>^sunie>  tliat  the  loss  at  full  load  is  ecpial  to  the  "stray  power'* 
]>lu^  loss  at  no  load  (less  the  copper  losses)  plus  the  I-R  losses 
at  full-load.  It  is  known  that  the  stray  jxiwer  loss  does  not  re- 
main constant  .and  that  ordinary  1-R  calculations  do  not  in- 
clude eddy  current  loss  in  the  copper,  'j'his  difference  is  called 
tile  "load"'  loss.  Half  a  dozen  or  more  ])apers  deal  with  these 
load  losses  and  show  how  small  they  may  be  in  well  designed 
machines  and  how    large  they  may  be  sometimes. 

The  character  of  the  jjapers  is  noteworthy;  in  general,  they 
are  based  u\nm  cxjierience  or  tests.  They  are  primarily  (juanti- 
tative  papers  in  that   they  give  the  actual   results   which   have 
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been  attained  either  through  years  of  experience  in  the  testing 
of  many  machines,  or  in  special  tests  conducted  to  provide 
data  for  presentation  at  this  time.  The  authors  of  these  papers 
have  been  preparing  this  material  for  many  months,  and  it  is  un- 
derstood that  thousands  of  dollars  have  been  expended  in  securing 
data  for  the  use  of  the  Institute  Standardization  Committee.  In 
running  over  the  list  of  contributions  it  will  be  found  that  the 
majority  are  connected  with  manufacturing  companies.  This  again 
indicates  that  the  manufacturing  concerns  are  not  merely  designing 
and  making  apparatus,  but  by  the  contributions  of  their  engineers 
are  aiding  in  a  substantial  manner  in  maintaining  the  professional 
and  technical  standing  of  the  American  Institute  of  Electrical  En- 
gineers. 

The  purpose  of  standardization  is  not  to  fix  definitely  limits 
which  may  retard  progress,  but  to  determine  what  is  best  in 
what  has  been  done  and  make  it  the  basis  for  the  future.  This 
is  a  continuous  process,  so  that  revision  by  modification  and 
addition  in  the  light  of  accumulating  experience  is  the  normal 
and  healthy  condition  of  standardization  rules  in  a  rapidly 
progressing   profession. 

Begining  at  the  Electrical  Congress  in  St.  Louis  in  1904 
an  international  movement  for  standardization  has  been  under 
way.  Our  Standards  Committee  and  the  U.  S.  National  Com- 
mittee of  the  International  Electrotechnical  Commission  are 
working  in  close  conjvmction.  Rating  is  a  matter  of  active 
international  interest  at  the  present  time. 


POWER  REQUIREMENTS  OF  FAINS,  BLOWERS  AND 

EXHAUSTERS 

C.  W.  DRAKE 

Till'!  use  of  air  in  industrial  work  as  a  carrier  of  heat,  ob- 
noxious gases,  finely  divided  solids,  etc.,  has  become  more 
common  than  many  imagine.  In  many  of  our  new  olitice 
buildings  the  air  is  filtered,  passed  over  either  steam  or  refrigerating 
coils  to  obtain  the  correct  temperature  and  is  then  forced  to  all  parts 
of  the  building.  Enormous  volumes  of  air  are  forced  through  coal 
mines  to  carry  away  the  dangerous  gases.  In  tlie  i)laning  mill  the 
shavings  and  sawdust  are  drawn  from  the  tool  as  cut  and  carried 
by  a  blast  of  air  to  the  cyclone  over  the  boiler  or  storage  bin.  The 
work  of  the  air  now  being  done,  it  is  exhausted  quietly  to  the 
atmosphere,  while  the  wood  particles  fall  into  the  hopper  below.  In 
a  paper  mill,  about  two  tons  of  water  are  evaporated  over  the 
paper  machine  for  every  ton  of  paper  produced,  and  air  is  about 
the  only  medium  which  can  absorb  this  moisture  and  carry  it  away 
from  the  room. 

Every  time  a  certain  volume  of  air  is  moved,  a  certain  definite 
amount  of  power  is  required,  regardless  of  the  use  to  which  the  air 
is  put,  but  depending  upon  the  velocity  with  which  it  is  moved  and 
the  resistance  in  its  path.  There  is  no  simple  rule  for  solving  all 
problems,  but  each  should  be  considered  by  itself  and  all  conditions 
taken  into  account.  In  the  following  pages  an  tuitline  is  given  of  the 
various  types  of  apparatus  available  for  moving  air  and  a  brief 
description  of  the  characteristics,  uses  and  limitations  of  each.  I'ans. 
blowers,  and  exhausters  are  classified  in  three  distinct  groups  or 
divisions  according  to  the  mechanical  construction  and  principles 
involved,  namely; — centrifugal,  disc,  and  positive.  .\ny  type  ot 
rotary  air  or  gas-handling  device  can  be  either  a  blower  or  an  ex- 
hauster depending  on  whether  the  device  is  used  to  drive  the  gas 
into  a  coiUainer  or  to  draw  it  out.  There  are  certain  slight  mechan- 
ical modifications  in  some  types  depending  on  whether  the  fan  is 
used  for  blowing  or  exhausting,  but  in  most  types  they  are  mechan- 
ically identical  and  can  be  used  for  either  i)urpose. 

Centrifuijal  I-ans  are  those  in  which  the  gases  are  dr.nvn  in 
axially  and  discharged  tangentially.     Mechanically  this  type 
of  a  number  of  rotating  vanes  which  arc  generally  cncl"sc»l  in  a 
housing  so  as  to  direct  the  blast.    .A  centrifugal  blower  usually  has  two 
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axial  inlets  and  a  centrifugal  exhauster  only  one.  Centrifugal  fans 
are  made  in  various  forms  for  a  great  variety  of  purposes,  among 
which  the  following  are  prominent : — Heating  and  ventilation  of 
buildings  and  mines,  drying  kilns,  mechanical  draft,  forge  and 
cupola  blowers,  exhaustion  of  foul  or  poisonous  gases,  conveying 
systems  for  gases  and  for  light  materials  such  as  cotton  or  wool 
fibers,  tea,  grain,  powdered  coal,  etc.,  and  collecting  systems  for 
planing-mill  refuse  or  the  grit  from  tumbling  barrels  and  emery 
grinders  or  in  any  application  where  large  volumes  of  air  or  gases 
are  handled  at  moderate  pressure.  When  acid  fumes  are  handled 
the  blast-wheel  and  housings  must  be  made  of  non-corrosive  metal. 
When  used  for  conveying  or  collecting  systems  the  blast-wheel, 
piping,  and  housings  must  be  made  of  heavier  metal  than  when  air 

only  is  handled  and  particularly  so 
if  the  blast  contains  grit  or  emery 
dust. 

The  centrifugal  type  include.9 
steel  plate  fans,  "Sirocco"  fans, 
multivane  fans,  volume  and  press- 
ure blowers,  and  cone  fans,  the  lat- 
ter being  substantially  a  steel  plate 
fan  without  housings.  The  name 
"Steel  Plate"  is  used  by  all  manu- 
facturers to  indicate  that  the  hous- 
ing is  made  of  steel  plate  riveted 
or  bolted  to  structural  steel  shapes, 
as  shown  in  Fig.  i.  These  fans 
and  exhausters  are  adapted  to 
a  wide  range  of  service,  being  especially  suitable  for  heating 
and  ventilation  of  buildings  and  mines,  drying  systems  for  brick  and 
lumber,  and  exhaust  systems  handling  fine  material,  gases,  etc.  The 
amount  of  air  to  be  handled  determines  the  size  of  fan  required,  and 
the  kind  of  material  conveyed  by  the  air  determines  the  air  velocity 
and  the  type  of  wheel.  Air  velocities  of  about  3  500' feet  per  min- 
ute are  customary  for  planing  mill  refuse;  for  light  shavings  a 
somewhat  lower  velocity  can  be  used ;  green  saw  dust  from  a  band 
saw  mill  will  require  from  4000  to  4500  feet  per  minute. 

The  word  "Sirocco"  when  applied  to  a  fan  or  blower  is  a  regis- 
tered trademark,  used  by  The  American  Blower  Company,  to  desig- 
nate a  type  of  centrifugal  fan  having  a  patented  runner,  for  which 
performances  considerable  better  than  those  of  the  ordinary  blower 
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arc  claimed.  This  type  of  fan,  shown  in  Fig.  2,  is  much  used  for 
heating  and  ventihition,  drying  systems,  mechanical  draft  and  the 
like,  but  is  not  applicable  to  conveying  systems  handling  solid  mat- 
ter. The  housing  is  usually  of  steel  plate,  although  in  the  smaller 
sizes  it  is  of  cast  iron  and  the  larger  sizes  are  fre(iuently  installed 
with  frame  or  masonry  housings. 

Last  iron  volume  I)lo\vers  of  the  type  shown  in  Fig.  3  are  ap- 
plicable for  supplying  air  under  pressure  to  furnaces  burning  coal 
or  coke  for  heating  plates,  rivets,  etc.,  for  blowing  powdered  fuel 
into  rotary  kilns  or  other  furnaces  and  for  blowing  forge  fires 
which  have  large  tuyeres  but  do  not  re(|uire  o\  er  4  ounces  pressure. 
They  are  also  especially  adapted  for  supplying  mechanical  draft  for 
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boilers.  As  an  e.xhaiister  this  type  of  fan  is  best  adaptetl  ft)r 
handling  gritty  du.>yt  such  as  comes  from  emery  wheels  and  tumbling 
barrels  which  would  (juickly  cut  and  destroy  a  sheet-steel  housing. 
They  are  also  well  adapte(J  for  exhausting  smoke  from  forge  fires, 
steam  from  cooking  vats  and  general  ventilation,  within  their  capac- 
ity. The  feature  of  this  type  from  which  it  obtains  its  name  is  that 
the  housing  is  of  cast  iron.  These  housings  are  so  made  that  any 
position  of  the  outlet  can  be  obtained  by  removing  the  bolts  and 
revolving  the  circular  plate  which  >up|M)rts  the  l>earings. 

Steel  pressure  blowers  of  the  type  shown  in  I'ig.  4  arc  espe- 
cially adapted  to  services  ref|uiring  considerable  \ohnnc  at  several 
ounces  pressure  and  arc  mostly  used  for  forge  an«l  cupola  blowing 
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and  for  supplying  air  blast  to  oil,  gas  and  coal-fired  furnaces.  The 
range  of  this  type  overlaps  somewhat  the  range  of  the  positive  pres- 
sure blowers,  and  within  the  limits  of  pressure  obtainable,  it  is  used 
for  about  the  same  purposes. 

Disc  or  Propeller  Fans  are  those  in  which  the  gases  are  drawn 
in  axially  and  discharged  axially.  This  type  is  too  well  known  to 
require  description ;  the  blades  are  made  in  a  number  of  shapes  de- 
pending on  the  service  and  the  ideas  of  the  manufacturer.  A  large 
percentage  of  these  fans  are  driven  by  direct-connected  electric 
motors.     They  are  made  in  a  large  number  of  sizes.     Disc  fans  are 
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applicable  only  where  comparatively  large  volumes  of  air  or  gas  are 
to  be  handled  at  very  low  pressures.  The  blades  are  ordinarily  simi- 
lar to  those  shown  in  Fig.  5,  but  fans  of  this  type  are  also  frequently 
made  with  special  or  overlapping  blades,  for  which  improved  oper- 
ating conditions  and  high  efficiency  are  claimed,  the  exact  shape  de- 
pending on  the  service  required  and  the  ideas  of  the  manufacturers. 
This  type  of  fan  is  widely  used  for  the  ventilation  of  buildings,  the 
smaller  sizes  being  most  generally  used  as  exhausters,  drawing  out 
vitiated  air,  vapors  and  fumes,  and  the  larger  sizes  being  used  in 
connection  with  heating  systems,  for  blowing  air  through  heating 
coils  into  a  chamber  for  distribution  throughout  the  building.     The 
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larger  sizes  are  in  common  use  for  mine  ventilation.  One  modifica- 
tion wliich  is  used  for  cooling  tower  service,  is  made  especially  heavy 
and  is  called  a  ''Cooling  Tower  Fan." 

Positive  Pressure  Blozvers  are  rotary  air  pumps  which  deliver 
approximately  a  constant  volume  of  air  per  revolution  regardless  of 
the  pressure,  hence  the  name  "positive."  This  type  is  made  in  a  large 
range  of  sizes  and  usually  consists  of  two  revolving  elements  as 
shown  in  Fig.  6  between  which  a  certain  volume  of  gas  is  entrapped 
and  transferred  from  the  inlet  to  the  outlet  with  only  a  small  amount 
of  leakage.  Since  the  two  impellers  must  maintain  a  constant  angu- 
lar relation  they  are  geared  together  so  as  to  rotate  in  opposite  direc- 
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tions  and  ordinarily  are  geared  to  the  driving  mot.)r  as  shown  in 
I'lg.  7.  ihey  are  separated  from  each  other  and  from  the  casing  by 
a  small  Inn  constant  clearance,  which  allows  a  .slight  leakage.  Posi- 
tive pressure  blowers  are  used  mainly  for  pumi)ing  illuminating 
gases,  furnishing  blast  for  forges,  cupolas  and  smelters,  and  for 
otiier  purposes  requiring  a  given  volume  of  gas  at  pres.surcs  from 
about  twelve  ounces  to  eight  pounds  i)er  square  inch.  For  pressures 
higher  than  this  the  reciprocating  pump  is  a  nnich  more  ctlicicnt 
device. 

It  is  evident  from  the  foregoing  that  the  difTcrent  types  are  not 
strictly  competitive,  but  that  each  occupies  a  field  wherein  it  is 
'supreme.  It  is  true,  however,  that  the  centrifugal  type  does  overlap 
the  range  of  the  disc  type  on  the  one  side  and  that  of  the  positive 
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pressure  type  on  the  other  and  there  is,  therefore,  a  narrow  range 
in  which  these  types  are  competitive. 

POWER   REQUIREMENTS 

The  power  required  to  drive  any  type  of  fan  is  a  function  of 
the  volume  of  air  handled  and  the  pressure  or  vacuum  obtained. 
The  pressure  is  usually  measured  in  ounces  per  square  inch,  but  is 
often  expressed  in  inches  of  water  indicated  by  a  water  gauge,  the 
measuring  instrument  commonly  used,  and  which  is  located  at  the 
inlet  or  outlet  of  the  fan. 

The  cubic  foot  is  usually  taken  as  the  unit  of  volume  or  quan- 
tity and  is  expressed  in  terms  of  free  air  or  gas,  that  is,  cubic  feet 
of  air  or  gas  at  atmospheric  pressure.  The  unit  of  time  most  gen- 
erally used  is  the  minute. 

The  relation  between  pressure  in  ounces  per  square  inch  and 
the  reading  of  the  water  gauge  in  inches  is  shown  by  the  formula : 

WG  =1.728  P,  or  P  =  ^^^r, 

1.728 

Where,  ' 

P  =  Pressure  per  square  inch  in  ounces. 
W^G  =  Pressure    in    inches    water    gauge.  ^ 

Q  =  Cubic    feet    per    minute. 
K  =z  A    constant. 

With  constant  volume  the  power  is  directly  proportional  to  the 
pressure;  with  constant  pressure  the  power  is  directly  proportional 
to  the  volume  handled  per  minute.  The  general  equation  is, 
therefore : 

Horse-power   (theoretical)  =: 

33000 

Centrifugal  Fans — The  above  formula  takes  no  account  of  the 
losses  in  the  fan  and  therefore  the  actual  brake  horse-power  re- 
quired at  the  shaft  of  the  fan  will  be  greater  in  inverse  proportion 
to  the  efficiency  of  the  fan  under  consideration. 

The  formula  then  becomes  : — 

Brake   liorse-power   at   shait  := .~r-ce-^ 

33  000  X  Efif. 

/v  =:  5.2  for  centrifugal  fans. 

Efif.  =  efificiency  of  the  fan  expressed  as  a 

decimal  fraction, 

=  0.40  for  steel  plate,  0.48  for  Sirocco 

and   0.60   for   cone   type   fans. 

The  following  mathematical  relations  are  theoretically  true  for 
all  centrifugal  fans  and  may  be.  used  in  calculations  : — Volume  varies 
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as  the  speed;  pressure  varies  as  the  scjuare  of  the  speed;  and  horse- 
power varies  as  the  cube  of  the  speed. 

Thus,  if  a  fan  delivering  8000  cul)ic  feet  of  gas  at  j/j-ounce 
pressure  when  running  at  100  r.p.m.,  requires  two  horse-power ;  the 
same  fan  at  200  r.p.m.  will  deliver  16000  cubic  feet  at  two  ounce 
pressure  and  will  require  16  horse-power  provided  the  other  condi- 
tions are  not  changed. 

One  marked  characteristic  of  the  centrifugal  type  of  fan  is  that 
a  reduction  of  the  inlet  or  discharge  area  will  reduce  the  power 
required  if  the  speed  remains  constant,  and  if  the  area,  is  increased 
the  amount  of  power  will  be  increased.     This  does  not  contradict 
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the  formula  given,  for  although  the  pressure  will  be  increased 
by  a  reduction  of  area,  the  volume  will  be  reduced  in  a  much  greater 
proportion.  With  entirely  closed  outlet  the  power  required  is  about 
20  percent  of  that  with  an  open  outlet. 

Disc  Pans — The  ])re.ssures  are  very  low  in  tiie  service  covered 
by  disc  type  fans  and  it  is  customary  to  figure  on  the  basis  of  veloc- 
ity rather  than  pressures.  In  this  type,  also,  the  above  general  rela- 
tions between  volume,  pressure  and  horse-power  are  true.  If.  h(iw- 
ever,  the  outlet  is  restricted,  the  power  and  the  pressure  will  both 
increase  until,  with  an  entirely  closed  discharge,  about  twice  as  much 
power  is  required  as  with  an  unrestricted  outlet.  It  should  be  noted 
that  the  characteristics  of  the  centrifugal  and  disc  fans  arc  entirely 
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opposite  in  regard  to  power  requirements  with  restricted  openings. 

Positive  Pressure  Blozvers  and  Exhausters — The  horse-power 
required  for  positive  pressure  Ijlowers  and  exhausters  may  h^  ap- 
proximately very  closely  by  the  following  rule  used  by  the  manu- 
facturers : — 

Allow  five  liorse-power  for  every  i  ooo  cubic  feet  per  minute 
displaced  against  a  pressure  of  i6  ounces  per  square  inch  ;  thus  it 
will  require  15  horse-power  for  a  blower  displacing  2000  cubic  feet 
per  minute  against  24  ounces  pressure.  The  displacement  per  revo- 
lution multiplied  by  the  revolutions  per  minute  is  the  displacement 
per  minute.  Theoretically,  the  volume  delivered  will  be  equal  to  the 
displacement,  but  in  practice  there  is  always  a  certain  amount  of 
slippage  which  reduces  the  delivered  volume.    This  slip  depends  on 


FIG.   6 — CROSS-SECTION    OF   POSITIVE   PRESSURE    BLOWER 

the  gas  handled,  the  speed,  and  the  pressure.  For  the  ordinary  range 
of  pressure  for  which  this  type  is  used  the  slip  varies  directly  as  the 
pressure  and  as  the  square  root  of  the  speed.  The  slip  is  also  a 
function  of  the  clearance,  but  while  the  actual  clearance  is  larger  in 
the  larger  sizes,  the  percentage  of  clearance  to  volume  displaced  is 
much  smaller ;  therefore,  the  larger  sizes  have  smaller  percentage 
slip  than  the  smaller  ones.  For  handling  air  the  volume  delivered 
varies  from  80  to  90  percent  of  the  displacement,  and  for  service  as 
gas  exhausters,  only  from  60  to  75  percent  of  the  displacement  is 
delivered. 

Since  the  volume  discharged  is  approximately  constant  regard- 
less of  the  pressure,  any  reduction  of  the  inlet  or  outlet  will  greatly 
increase  the  power  rec[uired.  In  this  respect  the  positive  pressure 
type  is  analogous  to  a  plunger  pump,  while  a  centrifugal  fan  follows 
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the  laws  of  a  centrifugal  puiii]).  The  limiting  pressure  with  re- 
stricted outlet  is  liard  to  predict  hut  will  he  great  enough  either  to 
hurn  out  the  motor,  or  to  wreck  the  hlower  if  the  motor  is  large 
enough  to  maintain  the  load.  The  limiting  condition  with  closed 
inlet  is  atmospheric  i)ressure,  hut  as  this  is  several  times  greater 
than  the  usual  pressure  produced,  the  motor  would  probably  burn 
out  before  wrecking  the  hlower. 

GENERAL 

Tn  making  recommendations  for  motors  to  be  used  for  driving 
blowers  or  exhausters  it  should  be  remembered  that  the  nameplate. 


FK;.    7 — POSITIVE   PRKSSUkE   BLOWER  OR    EXHAUSTER 

size  or  number  gives  no  indication  whatever  of  the  amount  of  power 
required.  The  same  fan  will  recpiire  many  times  as  much  power  in 
some  conditions  of  service  as  will  be  required  under  other  condi- 
tions. If  the  volume  and  pressure  are  known,  the  application  is  a 
sinii)le  one.  but  for  some  purposes  the  only  way  in  which  the  re- 
(|uired  volume  and  i)ressure  can  be  satisfactorily  determined  is  by 
trial.  In  the  majority  of  cases  the  experience  of  the  manufacturers 
will  enable  them  to  predict  the  requirements  and  conditions  with 
sutificient  accuracy. 


MOTOR-DRIVEN   ATTRITION    MILLS 

J.  R.  OLNHAUSEN 

ATTRITION  mills  are  used  in  the  shelling  of  corn  and  grind- 
ing shelled  corn,  oats,  cotton  seed  cakes,  etc.  They  are  also 
used  extensively  in  flour,  feed  and  cotton  seed  oil  mills. 
There  are  man  ydiffereni  types  of  these  mills,  all  of  which  tend  to 
produce  the  same  result  but  difl:'er  from  each  other  in  detail  of  con- 
struction. An  attrition  mill  consists  primarily  of  two  heads,  rotat- 
ing rapidly  in  opposite  directions,  on  which  are  bolted  the  grinding 
plates.  The  shafts  which  carry  the  running  heads  are  each  sup- 
ported by  two  bearings  mounted  on  a  bedplate.  The  product  to  be 
ground  enters  the  mill  through  a  hopper.  At  one  end  of  the  mill 
is  a  handwheel  by  means  of  which  the  plates  can  be  adjusted  so  as 
to  give  the  desired  fineness  of  product.  On  this  end  there  is  also  ;a 
quick  release  device,  which  permits  the  separation  of  the  plates 
when  any  foreign  matter  enters  the  mill,  thus  preventing  ;«|rious 
damage.  It  is  essential  that  the  plates  be  the  same  distance  apart  at 
all  points  so  that  the  ground  product  may  be  of  uniform  fineness. 
When  parallel  in  this  manner  the  plates  are  said  to  be  in  tram.  As 
the  bearings  become  worn  there  is  a  tendency  on  the  part  of  the 
plates  to  get  out  of  tram,  and  tramming  devices  are  usually  supplied 
which  may  be  used  in  aligning  worn  bearings  so  that  the  plates  can 
again  be  put  in  tram. 

When  the  question  of  applying  motors  to  these  mills  was  first 
taken  up  it  was  decided  that  the  best  arrangement  to  use  would  be 
an  engine-type  motor,  mounting  the  stator  on  the  base  and  the 
rotor  on  the  shaft  of  the  mill.  Upon  investigation,  however,  it  was 
discovered  that  the  tramming  devise  would  not  allow  this,  as  every 
time  the  bearings  were  adjusted,  the  position  of  the  rotor  would 
change  relative  to  the  stator,  thus  changing  the  air-gap.  In  some 
instances  it  was  found  that  the  rotor  would  rub  on  the  stator.  For 
this  reason  the  application  of  direct-connected  motors  to  these  mills 
was  abandoned  for  some  time. 

The  Munson  Brothers  Company  of  Utica,  N.  Y.,  again  took 
up  the  matter  of  applying  direct-connected  motors  to  their  mills  and 
conceived  the  idea  of  mounting  the  stator  on  a  cradle  which  was 
fastened  to  the  bearings.  In  this  way  the  shifting  of  the  bearings 
would  not  change  the  position  of  the  stator  with  respect  to  the 
rotor,  inasmuch  as  both  were  moved  the  same  distance.  This  Com- 
pany still  uses  this  plan  and  quite  a  number  of  these  motor-driven 
mills  are  in  successful  operation. 

It  remained,  however,   for  the   Sprout-Waldron  Company    of 
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Muncy,  Pa.,  to  develop  a  mill  that  required  no  tramming  device. 
This  was  accomplished  by  the  use  of  ball  bearings,  which  they' 
found — after  long  experiment — showed  practically  no  wearing  and 
that,  if  the  plates  were  originally  built  in  tram,  they  would  remain 
in  that  position.  This  necessitated  very  accurate  machining  of  the 
pedestals  and  bearings.  They  then  took  up  the  matter  of  applying 
^  dire  ct-connected  mo- 

tors to  their  mills  and 
it  was  found  that  the 
stator  could  be  placed 
on  the  base  of  the  mill 
if  the  base  of  the  sta- 
tor was  machined  so 
that  the  distance  from 
the  base  to  the  center 
line  of  the  shaft  would 
be  as  accurate  as  was 
needed  to  give  an  equal 
air-gap  at  all  points. 
It  was  also  found  nec- 
essary to  have  the 
width  of  iron  in  the 
rotor  greater  than  that 
used  in  the  stator  so 
that  when  the  plates 
were  adjusted,  or  sep- 
arated, the  stator  iron 
would  not  overlap  the 
rotor  iron,  thus  caus- 
mg  magnetic  pull.  The  original  idea  of  furnishing  engine  type 
motors  was  carried  out. 

The  squirrel  cage  induction  motor  is  used  exclusively  with  these 
mills.  The  size  of  ilu-  mill  is  expressed  in  inches,  referring  to  the 
diameter  of  the  grinding  plates.  The  sizes  most  commonly  found  in 
flour  mills,  with  size  and  speed  of  motors  are  as  follows: 

Size    of    Mill 20  24  ^o 

Hp  of  Motni ,n  I ;  &  JO         ^2^  S^  t,o 

bpeed,    r.p.m 1740  17.10  1710 

In  the  grinding  of  cotton  seed  cakes  the  32  inch  and  36  inch 
mills  are  used,  the  former  requiring  2-^  to  40  horse-power,  17 10 
r.p.m.  motors,  and  the  latter  40  to  50  horse-power,    i  140  r.p.m. 


FIG.    I — BKLT    DRIVEN    ATTRITION    MILL 
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motors.    One  standard  auto-starter  with  no-voltage  and  over-voltage 
release  attachments  is  used  for  starting  both  motors. 

The  main  advantage  of  the  motor-driven  mill  over  the  old  belt 
driven  machines  can  be  readily  seen  from  the  comparative  illustra- 
tions, Figs.  I  and  2.  In  order  to  drive  the  two  grinding  plates  in 
opposite  directions  from  belts  it  is  customary  to  provide  pulleys 
which  are  ecjual  in  diameter  to  the  distance  between  the  driving 
pulleys  on  the  mill  shafts.  This  recjuires  considerable  space,  either 
overhead  or  beneath  the  floor,  as  well  as  devices  to  maintain  the 
belts  taut.     The  heavy  pull  necessitates  large  bearings,  which  re- 


FIG.    2 — ATTRITIOX    iMILL    DRIVEN    BY    TWO    INDUCTION' MOTORS 

qhire  valuable  space.     The  advantages   of   the  motor-driv&n  type 

1   .■ 
are : — 

I — Eliminating  of  all  belts,  shafting,  pulleys,  which  reduces  the 
cost  of  maintenance,  and  also  reduces  friction  losses  to  a  minimum. 

2 — Saving  in  floor  space :  a  motor-driven  mill  can  be  placed  in 
any  part  of  the  l)uilding,  which  is  not  the  case  with  belt  driven  mills. 

3 — Greater  uniformity  in  speed,  since  slip  of  motors  with 
changes  of  load  will  be  considerably  less  than  belt  slip.  This  gives 
increased  production  and  better  quality  of  ground  product. 

4 — Ease  of  reversing;  with  a  motor  driven  mill  this  is  accom- 
plished by  throwing  over  a  double-throw  knife  switch,  while  with 
the  belt  driven  mill,  the  shifting  of  belts  on  tight  and  loose  pulleys 
is  involved. 

5^ — Power  is  applied  at  the  point  where  the  work  is  to  be  done. 


THE  SMALL  MOTOR  IN  THE  HOME 

JAMES  C.  MUNN 

ALMOST  every  one  li\in^^  witliin  reach  of  central  station 
circuits  is  now  familiar  with  motor-operated  vacuum 
cleaners,  washing  machines,  ice  cream  freezers,  polish- 
ing lathes,  grinding  lathes  and  sewing  machines.  Many  homes 
have  one  or  more  of  these  motor-operated  machines  in  service, 
i)ut  commonly  each  device  is  equipped  with  its  own  inntor  an  1 
the  cost  of  a  complete  outfit,  each  with  an  individual  motor, 
amounts  to  several  hundred  dollars.  Motors  of  a  general  utility 
nature  have  been  on  the  market  for  some  time,  but  many  of 
these  are  too  small  to  do  more  than  light  pcdishing,  grinding 
and  ventilating,  and  few  if  any  are  large  enough  to  be  applicable 
to  washing  machines  and  vacuum  cleaners.  The  object  of  this 
article  is  to  show,  l)y  citing  a  few  examples,  how  one  stock 
motor  can  be  made  to  do  the  difficult  parts  of  a  number  of 
household  tasks,  and  thus  bring  down  the  cost  of  a  household 
outfit  to  a  point  where  any  family  using  electric  lights  can 
afford  to  have  a  number  of  motor-operated  devices.  The  out- 
fits here  described  are  all  in  regular  use  within  a  restricted  area 
near  the  writer's  home.  In  each  case  the  motor  application 
has  been  m^de  by  the  owner  without  any  expert  assistance. 

A  motor  for  household  use  should  be  selected  with  regard  to 
the  apparatus  it  is  to  drive,  and  here  the  dealer's  advice  should 
be  sought.  Motors  of  one-quarter  horse-power  and  less  can 
usually  be  connected  to  any  lamp  socket  and  started  by  an  or- 
dinary snap  switch  ;  for  large  motors  special  wiring  and  switches, 
and  for  sizes  larger  than  one-half  horse-power,  starting  boxes 
may  be  necessary.  Motors  larger  than  one-quarter  horse- 
power are  rather  heavy  to  handle  and  are  not  to  be  recommend- 
ed for  portable  outfits.  Usually  there  is  no  difficulty  in  installing 
special  wiring  for  a  non-portable  motor,  as  ordinarily  it  is 
located  in  the  basement. 

The  non-jiortable  moti^)r  may  require  a  shaft  to  transmu 
the  power  to  the  point  of  application,  but  where  more  than  one- 
quarter  horse-power  is  needed,  this  method  has  many  advan- 
tages. The  portable  motor  outfit  is  usually  less  expensive,  but 
the  motor  is  necessarily  smaller  and  less  powerful.  It  can. 
however,  usually  be  arranged  to  drive  a  larger  number  of  de- 
vices than  can  the  non-portable  motor.  For  the  usual  family 
size  washing  machine,  a  one-sixth  horse-power  motor  is  suffi- 
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cient ;  a  four-quart  ice  cream  freezer  requires  at  least  that  much 
power,    especially   after   the   cream   begins    to   freeze ;    one-eighth 

horse-power  is  sufficient  for  a  two-quart 
freezer,  a  small  portable  vacuum  clean- 
er, or  a  small  washing  machine.  A 
small  stationary  vacuum  cleaner  re- 
quires a  one-quarter  horse-power  mo- 
tor, while  a  medium  sized  one  requires 
one-half  horse-power  or  more.  The 
motor  should  be  selected  for  the  device 
requiring  the  most  power,  and  will  then 
of  course  be  ample  for  the  other  de- 
vices. 

OUTFITS  WITH  NON-PORTABLE  MOTOR 

Outfit  A  represents  a  very  simple 
form  of  non-portable  motor  installation. 
A  one-eighth  horse-power  motor  is 
mounted  on  the  basement  wall  and  can 

be  belted  to  a  small  lathe,  an  ice  cream  freezer,  or  a  clothes  washing 

machine.     The  motor  is  bolted  to  a  wooden  block  with  flanges  on 

each  side,    which    can    slide    up    and 

down  in  a  wooden  frame  permanently 

fastened  on  the  wall.   The  belt  tension 

is  adjusted  by  a  screw  on  the  frame 

by  which  the  motor  is  raised  or  low- 
ered.    Fig.   I  shows  the  motor  belted 

to  an  ice  cream    freezer    which    was 

originally  operated  by  hand ;  the  crank 

has  been  replaced  by  an  old  iron  wheel 

having  a  groove    for    round    belting. 

The  same  motor  is   shown  belted  to 

run  a  washing  machine  in  Fig.  2.    The 

washing  machine  also  was    originally 

hand  operated.     The  belt  wheel  used 

with   the   ice  cream   freezer   is   made 

use  of  here  also. 


FIG.  I — ICE  CREAM  FREEZER 
BELTED  TO  WALL-MOUNTED 
MOTOR 


FIG.      2 — WASHING      MACHINE 
BELTED  TO   SAME   MOTOR 

The   belt    wheel    used   on    the 

freezer     is    transferred    to    the 

For  running  a  small   washing     machine     which     can 


,     ,        ,  1        11       •  111       also  be  operated  by  the  motor, 

lathe  the  grooved  pulley  is  replaced  by 

a  flat  one  as  shown  in  Fig.  3.    Any  kind  of  wood  turning,  and  light 

metal-turning  can  be  done  on  this  lathe  as  well  as  grinding  and 
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FIG.    3 — A    SMALL    LATHE 

The  motor  can  be  belted  to  a  small  lathe 
for  wood  and  light  metal  turning  and  also  for 
grinding,  polishing,  etc. 


polishing.  A  circular  saw  can  be  arranged  as  shown  in  Fig.  4. 
Here  the  motor  is  fastened  to  the  bench  top  by  thumb  screws 
and  a  box  for  guiding  the  lumber  is  placed  over  the  saw. 

Outfit    B — A  number  of  different  and  important  services  are 
performed  by  the  one-half  horse-power  motor  shown  in  Fig.  5, 

and  the  outfit  illustrates 
to  what  good  advantage 
a  non-portable  motor  can 
be  put  by  the  use  of  a 
little  ingenuity.  The 
outfit  includes  a  station- 
ary vacuum  cleaner,  a 
clothes  washing  ma- 
chine, a  dish  washing 
machine,  an  ice  cream 
freezer  and  a  small  lathe 
for  grinding  and  buffing 
wheels.  The  vacuum 
cleaner  pump,  dust  tank 

and  motor  are  mounted  on  a  specially  made  table  in  the  cellar,  the 

pump  being  driven  by  a  flat  belt.     The  two  suction  pipes  shown  at 

the  extreme  right  in  Fig.  5  extend  upward  through  the  walls  at 

about  the  middle  of  the  house.     Pipe  openings  for  hose  attachments 

are  located  beneath  the  baseboards  in  a  couple  of  rooms  on  each 

floor,  and   are  so  distributed 

that  a  20-foot  hose  can  give 

service  to  any  part  of  the  ten 

rooms.     The  dust  tank  opens 

downward  so  that  the  cleaner 

can  be  emptied  with  but  little 

work,  the  dust  being  burned 

in    the    furnace.      The    usual 

variety  of  cleaning  tools   are 

available  for  cleaning  carpets. 

tufted       furniture,      portiers. 

mattresses,  walls,  corners,  etc. 

The  motor  shaft  is  long  enough  to  carry  a  second  luillcv. 

which  turns  a  short  line-shaft  extending  into  the  laundry  under 

the  kitchen.     The  dish  washing  machine,  which  is  installed  in 

the  kitchen,  was  made  by  the  owner.     It  consists  of  a  receptacle 
for  the  dishes  which  s^ts  in  a  lartjer  cylindrical  container  (or 


1 


Ftn.     4 — OPERATING     A    CIRCULAR     SAW 

Another  one  of  the  motor's  duties. 
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the  water,  and  is  driv^en  at  about  200  r.  p.  m.  by  means  of  a 
vertical  shaft  and  a  mitre  wheel  driven  by  a  belt  which  runs 
through  openings  in  the  kitchen  floor  to  the  line  shaft  below. 
The  dish  container  has  flanged  openings  in  the  bottom,  and  when 
it  is  rotated  in  the  proper  direction,  soapy  water  is  forced  to 
circulate  rapidly  upward  through  the  stack  of  dishes.  After 
the  dishes  are  cleaned,  which  takes  only  a  couple  of  minutes, 
the  soapy  water  is  drained  and  clean  hot  water  is  run  in  to  rinse 
them.  After  this  water  is  drained,  another  minute's  run- 
ning throws  off  all  the 
water  from  the  dishes 
by  centrifugal  force  sq 
that  no  other  drying  is 
necessary.  A  large  pile 
of  dishes  can  be  washed 
and  dried  in  this  ma- 
chine in  ten  minutes 
with  no  more  work  than 
is  required  to  put  the 
dishes  in  the  machine 
and  take  them  out  again. 
The  clothes  washing 
machine,  the  grinding 
and  polishing  lathe,  and 
the  ice  cream  freezer 
are  included  in  this  out- 
fit. They  are  somewhat 
similar  to  those  de- 
FiG.  5— STATIONARY  VACUUM  CLEANER  scribcd  later  in  connec- 

o  Jrl'.  r.r^'^^^  horse-power  motor  not  only  ^ion  with  other  devices 
operates  the  vacuum  cleaner  but  is  belted  to  a 

line  shaft   which   drives   several  other  house-  except      that      they      are 

hold  devices.  ,  i^^j^gj    ^^    ^|^g    Ijj^g    gj^^f^ 

instead  of  directly  to  a  small  motor..  The  exhaust  pipe  of  the 
vacuum  cleaner  is  carried  through  a  partition  into  the  furnace  room 
and  can  be  arranged  when  desired  to  create  a  forced  draft  for  the 
furnace.  The  motor  is  powerful  enough  to  operate  several  of  the 
devices  at  the  same  time,  and  can  be  started  by  switches  in  the  cellar, 
the  kitchen,  or  the  second  floor. 

Outfit  C — A  very  simple  arrangement  is  indicated  in  Fig.  6, 
where  the  motor  is  permanently  attached  to  the  under  side  of 
the  table  of  an  old  sewing  machine.    The  motor  brackets  were, 
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of  course,  re\olved  i(So  degrees  so  as  to  brinjj^  the  oil  cups 
l)elo\v  the  hearinj^s.  The  motor  pulley  extends  beyond  the  edge 
of  the  table  so  that  a  belt  can  be  run  from  the  i)ulley  to  a  lathe 
head  mounted  on  the  top.  This  lathe  was  made  by  the  owner 
out  of  pipe  fittings,  which  are  lined  with  babbitt  metal  for  the 
bearings.  Chucks  for  holding  grinding  and  polishing  wheels, 
drills  and  circular  saws  can  be  used  in  connection  with  the  lathe, 
or  they  can  be  attached  to  a  flexible  shaft  and  thus  may  be  used 
at  any  angle  and  at  any  distance  within  the  length  of  the  shaft. 

The  motor  pulley  has  a 

r  large  and  a  small   step, 

/iW^r'^^^  ^'^^    smaller    being    used 

*^3^^3H^^^L_^    jd|%  belting  to      washing 

^^|^^H^^^^HBHB|^  or  cream 

^^^^^^^^^^^^H^^  The 

^Pp^^^^^^^^^H  originally 

w^^^^^^^^^^P  o])erated    by 

A^^^i^^^Tl^  has    been    arranged    for 

driving   bv    motor   with- 
'  ait    removing   the    han- 
dle, so  that  if  necessary 
■K'     '  wL        ^ll    -^     f^(  it  can  be  turned  by  hand 

»-   I  without  any  changes  or 

adjustments  whatever. 
-A.  heavy  box  serves  to 
support- a  counter-shaft, 
which  carries  a  home- 
made wooden  w  heel 
grooved  for  a  belt :  a 
hole  near  the  edge  re- 
ceives the  freezer  handle.  The  freezer  pail  is  held  by  clamps  to  a 
platform  in  such  a  way  that  the  freezer  shaft  is  in  line  with  the 
counter-shaft  as  shown  in  Fig.  6. 


pre.    6 — .\    HOMK-M.M)E    POWER    T.\BLK 

The  motor  is  out  of  the  way  under  the  toj) 
of  the  old  sewing  macliine  frame.  The  ma- 
chine top  is  used   for  a  workbench. 


OUTFITS  WITH    roRT.\ni-E  MOTOR 


Outfit  P  includes  a  vacuum  cleaner,  clothes  washing  ma- 
chine and  an  ice  cream  free/.er  which  were  originally  hand-oper- 
ated, and  also  a  polishing  wheel,  a  ventilating  fan  an<l  a  sewing 
machine.  The  motor  which  is  rated  at  one-sixth  horse-power 
is  clamj)e<l  to  a  small  wofiden  base  about  one  and  one-half 
inches   thick,   which    has   a    number  of  one-quarter   inch   holes 
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through  it.  Iron  dowel  jmiis,  projecting  from  the  base  of  each 
of  the  driven  machines,  lit  tightly  into  the  holes  in  the  motor 
base  and  keep  the  motor  in  position  when  it  is  belted.  When 
used  for  polishing  or  with  a  ventilating  fan,  the  wooden  base 
serves  only  as  a  support  for  the  motor.  The  vacuum  cleaner 
pump  was  originally  hand  operated  by  means  of  a  belt  from  a 
crank  wheel  which  was  mounted  on  a  pedestal  and  at  con- 
venient height  for  the  operator.  One  person  was  required  to 
turn  the  wheel  and  another  to  handle  the  cleaning  tool.  The 
pump  and  the  dust  receptacle  are  mounted  on  a  small  plat- 
form on  rollers.  The  only  modification  necessary  to  change  to 
motor  drive  was  to  remove  the  pedestal  and  crank  wheel,  and 

place  dowel  pins  in  the 
platform  for  holding  the 
motor  in  the  proper  po- 
sition for  belting,  as 
shown  in  Fig.  8.  With 
this  arrangement  there  is 
no  necessity  for  a  second 
person  to  turn  the  crank 
wheel,  and  the  vacuum 
cleaner  is  much  more  ef- 
fective. 

The  washing  machine 
is  of  the  reversing-tub 
dolly  type,  and  is  oper- 
ated with  an  oscillating 
motion.  It  was  original- 
ly run  by  hand  but  has 
been  adapted  for  motor  drive  as  shiwn  in  Fig.  7.  The  motor  and 
washing  machine  are  on  a  common  base  to  which  the  motor  is  at- 
tached by  the  dowel  pins.  The  original  operating  arm  of  the  wash- 
ing machine  is  attached  by  a  swivel  joint  to  the  edge  of  a  home- 
made wooden  wheel  which  is  driven  by  a  belt  from  a  speed-reducing 
pulley  below  it. 

For  application  to  the  ice  cream  freezer,  the  motor  and 
freezer  are  attached  to  the  same  platform,  as  in  the  previous 
cases ;  the  crank  has  been  removed  and  replaced  by  a  home- 
made wooden  wheel  grooved   for  the   belt. 

By  means  of  a  set  screw,  a  chuck  for  holding  a  polishing 
or  grinding  wheel  can  be  attached  to  the  extended  motor  shaft. 


FIG.    7 — A   REVERSING    TUB   DOLLY-TYPE   WASHER 

This  washer  was  originally  hand  operated. 
Now  the  motor  does  all  the  hard  part  of  the 
work. 
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The  polishing  wheel  is  used  for  polishinj4"  silverware,  and  tiie 
emery  wheel  for  keeping  knives,  choppers,  etc.,  sharp,  and  also 
for  any  kind  of  light  grinding  required  in  the  home.  A  fan  can 
also  be  attached  in  the  same  manner  as  the  chuck.  This  is  used 
to  circulate  the  air  in  the  summer,  and  in  the  winter  to  dis- 
tribute heat  from  the  furnace  throughout  a  room. 

For  operating  the  sewing  machine,  the  motor  is  placed  on 
tile  machine  top  just  back  of  the  hand  wheel  so  that  the  motor 
pulley  lines  up  with  the  belt  groove  on  the  hand  wheel.  The 
rod  connecting  the  treadle  to  the  large  wheel  was  removed  and 
the  belt  passed  around  the  treadle  wheel,  the  hand  wheel,  the 
motor  pulley  and  an  idler  pulley,  which  is  on  a  lexer  arm  at- 
tached to  the  motor.  This  lever  arm  is  shown  on  the  motor 
in   Figs.  7  and  8.  and  is  ])ermanently  attached,  as  it  is  not  in 


J-K..    6 POkT.-\ULE    V.VCLU.Vl    CLK.\M.K 

This  vacuum  cleaner  used  to  be  operated  by  hand  and 
required  two  persons;  one  to  turn  a  crank,  another  10 
handle  the  cleaning  tool.  With  the  motor,  one  person  caii 
do  all  the  cleaning  with  very  little  labor. 

the  way  when  the  motor  is  being  used  for  other  purposes.  A 
chain  from  the  lever  was  attached  to  the  tip  of  the  treadle  and 
by  this  means  the  speed  of  the  sewing  machine  is  contrt.)lled. 
The  motor  is  in  continuous  operation  while  the  machine  is  be- 
ing used.  By  pressure  on  the  treadle,  the  idler  pulley  tightens 
the  belt  and  also  lifts  a  brake-shoe  from  the  rim  of  the  hand 
wheel,  thus  starting  the  machine.  J  f  there  is  no  pressure  on  the 
treadle  the  belt  is  loose  while  a  spring  holds  the  brake-shoe 
against  the  hand  wheel,  preventing  it   from  turning. 

Outfit  E  is  equij^pcd  with  a  one-si.xth  horse-power  motor. 
The  principal  application  is  to  a  vacuum  cleaner  which  the 
owner,  being  of  a  mechanical  turn  of  mind,  made  himself,  the 
cost  of  material  being  less  than  $15.  The  dust  receptacle,  motor 
and  fan  are  mounted  on  a  ndling  platform.     .\   pht^tograph  of 
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the  vacuum  cleaner  is  shown  in  Fig.  9,  and  a  sectional  sketch  in 
Fig.  10.  There  is  a  cylindrical  tank,  a,  a  volute  fan  h,  which  draws 
through  a  dust  bag  c,  and  discharges  radially  through  the  outlet  d. 
The  partition  and  ends  are  of  wood,  fitted  so  as  to  be  air  tight.  The 
motor,  which  runs  at  i  120  r.p.m.,  operates  the  fan  at  3000  r.p.m. 
by  a  rawhide  gear.  The  dust  bag  is  held  by  a  wire  ring  e  which  fits 
into  an  annular  groove  in  the  wood  seat  /.  The  head  g  is  held  in 
position  by  carriage  bolts  h  and  wing  nuts,  and  the  felt  washer  f, 
makes  the  joint  air  tight.  The  owner  claims  that  the  horizontal 
position  of  the  tank  and  bag  is  very  desirable  because  the  top  of  the 
bag  is  always  dust  free  and  the  suction  therefore  is  more  uniform 
than  if  the  air  has  to  be  drawn  through  whatever  dust  is  in  the  bag, 

as  is  sometimes  the  case  with 
vertical  tanks.  The  motor  is  at- 
tached to  the  vacuum  cleaner 
platform  by  bolts  and  wing  nuts 
so  that  it  can  be  easily  removed 
for  other  uses.  The  cleaner  is 
used  only  about  two  hours  one 
day  each  week  to  go  over  a  nine 
room  house. 

Besides  operating  the  vacuum 
cleaner  the  motor  can  be  fast- 
ened to  a  bench  and  belted  to  a 
small  lathe ;  a  flat  belt  is  used, 
the  rawhide  pinion  acting  very 
satisfactorily  as    a    pulley.     The 


FIG.    9- 


-HOME-MADE    VACUUM 
CLEANER 

With    a    little    mechanical    ability 
and    inexpensive    materials    this    de- 
vice   for    making    the    housekeeper's     lathe  has  a  variety  of  chucks  for 
work  easier  was  built  by  the  owner.      ,    .,,.  .     ,.  ,         ,•  1  • 

dnlhng,  grmdmg  and  polishmg, 

also  a  flexible  shaft  to  which  the  chucks  can  be  attached. 

Outfit  F — The  little  one-twelfth  horse-power  motor  of  this 
outfit  operates  a  clothes  washing  machine,  an  ironing  machine,  a 
sewing  machine,  a  vacuum  cleaner,  a  ventilating  fan,  a  grind- 
ing wheel  or  a  buffing  wheel.  The  motor  weighs  but  little 
more  than  an  ordinary  flat  iron  and  can  be  easily  transferred 
from  one  device  to  another.  On  the  motor  frame  is  a  plug 
switch  for  attaching  a  conductor  cord  through  which  current 
is  brought  from  the  nearest  lamp  socket,  and  also  a  small  home- 
made knife-switch  for  reversing  the  direction  of  rotation.  Prac- 
tically all  the  devices  used  in  applying  the  motor  are  home-made 
from  materials  w^hich  were  obtained  at  small  expense.  The 
motor  is  held  in  place  in  nearly  the  same  manner  as  the  motor 
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of  outfit  D,  except  that  no  wooden  base  with  holes  in  it  is 
used;  instead,  each  side  of  the  cast  iron  foot  of  the  motor  has 
a  deej)  ncjtch  into  whicli  dowel  pins,  ])rojectin^  from  the  mount- 
ing for  the  motor,   lit    li-litl}-   enough   to  hold   the  motor  rigid; 

and  also  serve  to  keep 
the  motor  in  proper 
alignment.  The  motor 
can  also  he  slightly- 
shifted  to  obtain  i)rop- 
er  belt  tension,  by  ad- 
justing the  pegs  which 
fit  into  the  holes  in  the 
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FIC.      10 — CROSS     SKITIOX     OK     VACUUM     CLKANKk      niotor    buSC 
SHOWN    IX    FIG.   9 

This  macliiiie  cost  little  as  compared  with 
commercial  vacuum  cleaners  and  the  motor 
can  be  easily  removed   for  other  purposes. 


The  washing  ma- 
chine is  of  the  rub- 
board  type  and  has 
an  iron  wheel  about  16  inches  in  diameter  which,  through  re- 
duction gears,  gives  a  rocking  motiiMi  to  the  cradle.  To  adapt 
for  motor  drive,  the  handle  was  removed  and  a  groove  turned 
in  the  rim  of  the  w'heel 
for  a  belt ;  the  motor  is 
placed  on  the  lid  of  the 
machine  with  the  pulley 
in  line  with  the  wheel. 
In  order  to  hc^ld  the  mo- 
tor on  the  machine  lid 
when  the  washing  ma- 
chine is  opened,  metal 
strips  are  clamped  over 
the  projections  of  the 
motor  foot,  as  shown  in 
Fig.  II. 

A  3 1 -inch  home  laun- 
dry mangle,  built  as  a 
hand  operated  machine, 
required  a  speed  reduc- 
ing gear  in  addition  to 
the  several  originally  on  it.  in  order  to  drive  it  by  the  motor. 
The  crank  was  replaced  by  a  wheel  taken  from  a  vacuum  clean- 
er similar  to  the  one  described  in  outfit  D.  The  motor  speed, 
1700  r.  p.  m.,  was  reduced  through  the  gears  so  as  to  give  the 
rr\\  an  ironing  speed  of  ten    feet  per   minute.     The   great   advan- 


FK;.      II — S-M.M.L      MOTOR     APPLIKP     TO     KCB-BOARt' 
TYPE   WASHING   MACHINE 

This   washer  was  easily  adapted   for  motor 
drive. 
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tage  of  motor  drive  is,  of  course,  that  the  ironer  can  be  operated 
by  one  person  instead  of  two,  and  the  motor  gives  a  constant 
speed,  which  results  in  smoother  work.  The  rolls,  which  are 
heated  by  gas,  are  mounted  on  a  homemade  table,  and  the  motor 
is  mounted  on  a  platform  below  the  table  top  as  shown  in 
Fig.  12.  A  sewing  machine  treadle  has  been  arranged  so  that 
the    pressure    of    the    roll    can    be    released    or    applied    by    the 

o  p  e  r  a  t  o  r's  foot.  A 
switch  is  placed  under 
the  table  top  convenient 
to  the  operator,  for 
stopping  the  motor 
whenever  an  immediate 
stop  is  desired.  The  ta- 
ble frame  is  of  gas  pipe, 
mounted  on  rollers, 
which  make  the  table 
easy  to  move  about.  A 
drying  rack  of  three- 
eighths  inch  pipe  has 
been  provided  for  dis- 
posing of  the  pieces  as 
they  are  ironed.  The 
rack  is  over  the  iron,  the 
heat  of  which  helps  dry 
the  goods,  and  the  posi- 
tion of  the  iron  is  such 
that  all  the  extra  heat 
goes  up  and  none  of  it 
comes  out  toward  the 
operator.  This  machine 
handles  all  classes  of 
flat  work,  and  also  un- 
derwear,    hosiery,     etc. 


FIG.    12 — HOME  LAUaSTDRY    MANGLE 

This  machine  originally  required  two  per- 
sons to  operate  it;;with  the  motor  only  one 
person  is  required.  Ninety-five  percent  of 
the  usual  family  ironing  is  done  on  the  ma- 
chine, which  does  its  work  about  four  times 
as  fast  as  can  he  done  by  hand. 


Ninety-five  per  cent  of  the  usual  ironing  is  handled  by  the 
mangle,  and  an  amount  of  work  that  would  require  four  hours  to 
do  by  hand,  can  be  done  with  this  machine  in  one  hour  and  with 
much  less  efifort. 

In  Fig.  13,  the  idler  pulley,  lever  and  brake  necessary  to  con- 
trol the  speed  of  a  motor-operated  sewing  machine  are  shown 
attached    directly   to   the    sewing   machine    top    instead    of    the 
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motor,  as  is  usually  the    case.     This    is    an    original    idea    of    the 
owner    and    advantageous    in    that    the    idler    ])ulley    is    always 

properly  aligned  with  the 
handwheel  pulley,  the  pulley 
and  the  lever  are  iK)t  on  the 
motor  when  it  is  being  used 
for  other  purposes,  and  the 
motor  can  be  applied  to  the 
vsewing  machine  in  a  mini- 
mum time.  In  case  the  ma- 
chine is  not  to  be  used  for 
some  time  the  idler  pulley 
and  lever  are  taken  off. 
This  is  done  by  removing  two 
thuml)  screws  which  hold  the 

FIG.    13 — THE    MOTOR    MAKES   SEWING  EASV  11  1  ^  1  1     ^ 

There   is  no    treadling:    the    machine  P^l'ey    base    to   a    brass    plate 

is  easy  to  control,  and  the  production  set  in  the  table  top.     The  Op- 
is  much  greater.  ,•  ,  ^     \        c    ^\ 

^  eration    and    control    of    the 

sewing  machine  equii)ped  with  the  motor  is  the  same  as  described  in 
outfit  D.  Fifteen  minutes'  practice  gives  the  operator  complete  con- 
trol and  confidence,  and  sew- 
ing can  be  done  in  about  one- 
third  the  time  required  by 
treadling.  In  all  cases  where 
a  motor  has  been  applied  to  a 
sewing  machine  the  result  has 
been  that,  because  the  labori- 
ous part  of  the  work  was 
eliminated,  much  sewing  was 
done  on  it  that  was  formerly 
sent  out  or  a  seamstress  called 
in  to  do.  In  some  cases  old 
style  hard  running  sewing 
machines,  which  ordinarily 
would  ha\c  been  discarded, 
wore  retained  and  were  quite 
satisfactory  with  motor  drive. 
The  vacuuiu  cleaner  is  of 
the  same  make  as  the  one  de- 
scribed in  outfit  D  and  the 
pedestal  and  crank-wheel   of  the  cleaner  used   for   hand  opcra- 


FIG.    14 — ELECTRIC   FAN 

The  motor  shown  in  Ki^s.  n.  i-'.  i.< 
and  15  is  shown  here  operatiuR  a  fan. 
The  set  of  blades  is  attached  by  a  set 
screw. 

ai>pHca(itin   is    very    similar.     The 
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tion  were  removed  and  the  motor  attached  and  belted  to  the 
pump  with  the  result  that  the  cleaner  is  much  more  affective 
than  it  originally  was.  Motor  drive  is  much  easier  on  the 
vacuum  cleaner  than  hand  drive  because  there  is  less  vibration 
and  strain.  Another  point  in  favor  of  motor  drive  is  that  there 
is  less  belting  to  keep  up. 

This  motor  can  be  converted  into  an  electric  fan  by  attach- 
ing "a  set  of  blades,  as 
showii  in  Fig.  1 4.  These 
are  not  expensive  nor 
difficult  to  apply..  The 
bushing  should  have  a 
set  screw  for  attaching 
the  fan  to  the  moto^' 
shaft  extension,  and,  n  - 
desired,  a  wire  guar^' 
can  be  added. 

Fig.  1 5  shows  the  mo- 
tor belted  to  a  small  home-made  grinding  and  polishing  outfit.  This 
device  is  bolted  on  a  10  by  18  inch  board  on  which  a  mounting  for 
the  motor  is  provided.  A  carborundum  wheel  is  shown  on  one  end 
of  the  shaft  and  a  polishing  wheel  on  the  other.  The  pedestal  was 
made  from  a  piece  of  scrap  brass.  Effective  grinding  can  be  done 
with  this  apparatus  and  it  is  in  continual  use  for  sharpening  knives 
and  for  polishing  kitchen  utensils  and  silverware. 


FIG.     15 — GRINDING    AND    POLISHING    OUTFIT 

A  very   desirable   adjunct   to  any   home. 


THE  MODERN  MINE  LOCOMOTIVE 

H.  K.  HARDCASTLE 

71  HE  rapid  increase  in  the  use  of  electric  locomotives  for  mine 
haulage  in  recent  years,  and  the  exceptionally  severe  oper- 
ating conditions  to  which  this  type  of  locomotive  is  sul)- 
jected,  together  with  the  ever  increasing  space  limitations  as  the 
deposits  become  morV  inaccessible,  have  resulted  in  a  demand  for 
iocomoth^s  radically  difTerciit  from  the  older  types.  The  more  re- 
cent locomotives  buiit  for  mine  service  are  of  exceptionally  rugged 
ch:iract4ristics,  the.  wearing  parts  are  accessible  for  adjustment  or 
replacement^,  and  all  parts  will  operate  under  severe  conditions  of 
track,  ciirt.  moisture'  and  overloads  without  injury. 

The|ii^]^feiit 'OTtrViictecjsticsof.  the  commutating  pole  motor,  as 
developed  fof^raiKvay  service,  with  its  sparkless  commutation  at  all 
''''^  loads,  are  well  known. 

All  of  these  charac- 
teristics are  maintain- 
ed in  the  newer  types 
of  commutating  pole 
mine  motors,  and  in 
addition  certain  me- 
chanical features  have 
been  added  w  h  i  c  h 
make  them  especially 
adapted  to  mine  serv- 
ice. The  motors  are 
so  mounted  that  all 
inspection.  »>ilii)g  and,je];lacements  can  be  made  from  above  and 
without  displacing  the  "wheels,  motor  suspension  or  other  parts. 
The  moto^  frame  is  split  diagonally  as  shown  in  Fig.  i.  The  axle 
caps  and  suspension  lug  are  on  the  lower  part  .so  that  the  tipju-r 
part,  either  with  or  without  the  armature  and  bearing  housings, 
may  be  lifted  off  from  above  as  shown  in  Fig.  2.  At  the  same 
time  the  axle  caps  and  suspension  are  so  arratigcd  that  a  set  of 
wheels  may  be  dropped  out  from  below  without  flisplacing  the 
motor  or  any  of  the  wiring  c<imiections.  In  all  but  the  largest 
motors  two  brush-holders  are  placed  in  the  upper  half  of  the  motor 
frame  under  a  large  commutator  opening,  and  the  brushes  may 
easily  be  inspected  or  renewed  by  one  man,  and  without  any  tools. 
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From  the  same  position  lubrication  may  be  supplied  to  all  moving 
parts,  as  shown  in  Fig.  3. 

The  cast  steel  bar  type  of  locomotive  frame  has  long  been  stand- 
ard in  steam  locomotive  construction  on  account  of  its  ruggedness, 


FIG.    2 — METHOD   OF   REMOVING    ARMATURE 

its  al)ility  to  resist  shocks  and  the  great  strength  per  unit  of  weight. 
In  addition  to  these  advantages  it  is  especially  adapted  for  use  in  a 
mine  locomotive  on  account  of  the  complete  accessibility  afforded  to 


FIG.   3 — ACCESSIBILITY    FOR   LUBRICATION 

all  interior  parts.  With  this  construction  all  bearings,  grid  resist- 
ance, brake  rigging,  etc.,  may  not  only  be  reached  from  the  side  of 
the  locomotive,  but  they  are  at  all  times  visible  to  anyone  passing, 
and  any  slight  trouble  can  be  seen  ^nd  rectified  at  once  before  be- 
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coming  serious.  Another  very  considerable  advantage  of  the  bar 
type  frame  construction  is  the  free  circulation  of  air  permitted,  and 
the  complete  ventilation  of  the  motors  and  grid  resistance.  The 
cooling  effect  of  this  free  circulation  of  air  is  such  that  the  ca[)acity 
of  the  equipment  is  perceptibly  increased  over  that  possible  where 
the  enclosed  type  of  construction  is  used. 

By  the  use  of  the  cast  steel  bar  construction  in  the  locomotive 
frames  it  was  found  possible  to  design  a  composite  type  of  frame 
which  would  be  suited  to  locomotives  having  different  wheel  bases. 
By  this  means  the  same  frame  may  be  used  both  for  inside  and  for 
tandem  hung  motors,  as  well  as  for  frames  inside  or  outside  of  the 
wheels.    This  point  is  of  considerable  importance  both  to  the  manu- 


l-iu.  4 — RK MOVING  JOCRNWL  COX 

facturer  and  to  the  operator  since  by  reducing  the  number  of  ditter- 
ent  standard  parts  required,  it  becomes  feasible  to  keep  the  remain- 
ing parts  in  stock  and  thus  quick  deliveries  are  made  possible. 

In  connection  with  the  development  of  the  cast  steel  bar  type 
of  frame  every  effort  was  made  to  arrange  .all  wearing  parts  so  that 
they  might  be  inspected  or  removed  with  a  minimum  co.st  of  time 
and  lalx^r.  With  this  end  in  view  a  patcnteil  removable  gib  is  sup- 
plied between  the  journal  box  and  pedestal  jaws  on  locomotives  bui't 
with  outside  frames.  With  this  type  of  gib  it  i-;  only  necessary  to 
take  the  weight  off  the  journal  and  drop  the  binder,  when  the 
entire  journal  box  may  be  slipped  out  sideways  as  shown  in  Kig.  4. 
On  locomotives  built  with  inside  frames  the  oil  cellars  arc  arranged 
to  be  easily  dropped  out   for  repacking  or  inspection.     If  it  is  dc- 
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sired  to  take  the  box  out  entirely  it  is  only  necessary  to  remove  the 
binders  and  jack  up  the  locomotive  sufficiently  so  that  the  box  will 
clear  the  pedestal  jaws,  when  the  box  may  be  rotated  about  the  axle 
and  will  then  drop  out. 

Owing  to  the  steep  grades  present  in  many  mines  the  brake 
rigging  is  a  matter  of  great  importance  and  to  meet  these  severe 
conditions  a  very  simple  and  powerful  form  of  brake  has  been  de- 
veloped. This  brake  is  of  the  automatically  locking  screw  type 
which  may  be  quickly  applied  and  adjusted  to  the  braking  power 
required.  It  is  at  all  times  capable  of  slipping  the  wheels.  The 
brake  rigging  was  designed  to  require  the  minimum  attention  in 
service,  the  only  adjustment  necessary  being  that  to  take  up  slaqk 


FIG.    5 — REPLACING   BRAKE    SHOES 

as  the  brake  shoes  become  worn.  The  brake  shoes,  as  will  be  noted 
in  Fig.  5,  are  arranged  to  be  replaced  as  on  standard  car  equip- 
ments, and  this,  as  well  as  adjustment  for  taking  up  slack,  can  easily 
be  accomplished  from  the  side  of  the  locomotive. 

In  many  mines  the  conditions  are  such  that  the  position  and 
height  of  the  trolley  wire  are  constantly  changing.  A  new  design  of 
trolley  has  been  brought  out  to  meet  the  demand  for  a  type  that 
could  be  mounted  at  a  convenient  place  on  the  locomotive,  and  which 
from  this  point  would  be  adapted  to  the  trolley  wire  as  located 
above  either  side  or  the  center  of  the  track,  and  which  would  give 
an  approximately  constant  pressure  on  the  wire  through  a  wide 
range  in  height.     Other  conditions  considered  were  to  produce  a 
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trolley  that  could  be  reversed  in  a  narrow  passage  by  the  niotorman 
without  leaving  his  seat,  and  at  the  same  time  one  which,  though 
adapted  to  a  high  wire  outside  of  the  mine,  would  not  cause  inter- 
ference with  trailing  cars  where  the  wire  is  low.  These  conditions 
have  all  been  met  in  an  extremely  ingenious  and  simple  manner  as 
illustrated  in  Fig.  6,  in  which  it  will  be  noted  that  all  working  parts 
are  exposed  to  view  and  are  readily  accessible.  Furthermore,  it 
should  be  noted  that  while  the  new  trolley  may  be  mounted  on  a 
small  bracket  it  is  also  adapted  to  the  standard  base. 

The  new  trolley  has  two  principal  parts  between  which  is  an 
intermediate  base.  This  intermediate  base  may  be  swung  from  the 
operator's  seat  to  either  side  or  to  the  center  of  the  locomotive  and 
may  also  be  adjusted  for  height.     The  upper  section  of  the  troUev 


FIG.    6 — TKOLI.KV    KOK    Ml.NE    LOCO\fOTlVK 

pivots  about  this  base  and  may  be  swung  either  to  the  forward  or 
back  positions  for  cither  direction  of  operation.  The  upper  section 
of  the  trolley  oi)eratcs  in  the  usual  manner  and  will  automatically 
follow  the  usual  variations  in  height  or  slight  lateral  variations  in 
the  location  of  the  trolley  wire.  Wide  variations  are  taken  care  of 
by  the  lower  section,  which  is  adapted  by  the  operator  to  special 
conditions. 

riie  rooms  in  which  the  actual  mining  is  done  are  often  not 
supplied  with  a  trolley  wire  or  with  bonded  rails.  Two  methods 
are  in  common  use  for  drawing  the  cars  out  of  tliese  rooms  after 
they  have  been  loaded.  By  one  method  the  locomotive  is  eciuipped 
with  a  motor  driven  traction  reel  and  several  hundred  feet  of  wire 
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cable.  By  this  system  the  locomotive  remains  on  the  cross-entry  at 
the  entrance  to  the  room  and  the  cable  is  carried  into  the  room  and 
hooked  to  the  cars  which  are  to  be  drawn  out.  The  cable  is  then 
reeled  in  and  the  cars  drawn  out  to  the  locomotive.  The  traction 
reel  has  long  been  in  use,  but  there  have  been  recent  improvements 
in  the  design  of  the  various  parts  and  in  the  arrangement  of  the 
apparatus  so  as  to  protect  it  from  grit  and  for  the  protection  of  the 
operator. 


riG.    7 — SINGLE    CONDUCTOR    CABLE    REEL    ON 
GATHERING    LOCOMOTIVE 

By  the  other  system  the  locomotive  is  equipped  either  with  a 
single  or  double  conductor  cable  reel.  The  single  conductor  cable 
is  used  in  mines  where  it  is  the  practice  to  bond  the  rails  in  the 
rooms.  By  this  system  the  end  of  the  cable  is  hooked  over  the 
trolley  wire,  thus  connecting  the  locomotive  to  the  trolley,  and  the 
return  circuit  is  obtained  through  the  rails.  If  unbonded  rails  are 
used  in  the  rooms,  a  double  conductor  cable  reel  is  used  and  one  end 
of  the  cable  is  hooked  over  the  trolley  wire  and  the  other  to  the 
rail  at  the  end  of  the  bonded  section  of  track.  With  either  of  these 
types  of  reels  the  locomotive  is  able  to  proceed  into  the  rooms,  reel- 
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ing  out  the  cable  as  it  proceeds,  and  can  handle  both  loaded  and 
empty  cars  at  the  working  face  of  the  rooms.  In  order  to  handle 
this  cable  properly  and  prevent  overrunning,  the  cable  must  be  kept 
taut  at  all  times  and  be  reeled  in  as  the  locomotive  returns  out  of 
the  rooms.  This  is  accomplished  in  a  very  effective  manner  by  a 
driving  chain  and  sprocket  wheel  on  one  of  the  locomotive  axles. 
This  operates  through  a  cluch  and  friction  plate  and  not  only  reels  in 
the  cable  as  the  locomotive  returns  out  of  the  room,  but  also  actuates 
a  spooling  device  which  spools  the  cable  regularly  on  the  drum  with- 
out piling  it  up  and  without  damaging  the  insulation.  By  the  use 
of  this  spooling  mechanism  it  is  possible  to  use  a  long  drum  of 
moderate  diameter,  and  by  mounting  this  drum  horizontally  on 
either  the  front  or  back  end  of  the  locomotive  as  shown  in  Fig.  7, 
there  is  but  slight  increase  in  the  overall  height  and  no  interference 
with  accessibility  to  all  parts  of  the  locomotive. 

As  may  be  seen  from  this  brief  description,  the  modern  elec- 
tric mine  locomotive  is  radically  different  from  the  standard  designs 
of  a  very  few  years  ago.  It  is  the  product  of  an  ever  increasing 
market  for  this  type  of  apparatus  and  has  been  developed  not  only 
to  meet  the  increasing  demands  of  power  and  space  limitations,  but 
also  toward  the  end  that  it  shall  remain  in  service  practically  con- 
tinuously under  general  operating  conditions,  and  with  no  special 
equipment  for  maintenance  other  than  that  required  to  take  care  of 
the  ordinary  rolling  stock  about  the  mine. 


HEATING  POWDER  HOUSES  BY  ELECTRICIFY 

W.  O.  PEALE 

ELECTRICITY  as  a  motive  power  in  mining  installations 
has  so  generally  superseded  steam-driven  equipments 
that  its  use  for  this  purpose  is  becoming  almost  univer- 
sal, especially  in  those  localities  where  coal  is  expensive  and 
central  station  power  relatively  cheap.  About  the  only  other 
use  for  which  a  steam  boiler  may  be  employed  is  for  supplying 
heat  to  the  various  powder  storage  houses  which,  for  safety's 
sake,  are  usually  located  some  distance  from  the  mines.  Where 
electric  power  is  used  for  all  other  purposes,  steam  heat  is  ex- 
pensive, requiring  as  it  does  a  high  initial  investment  in  itself, 
the  necessary  pipe  lines,  and  constant  expenditures  for  fuel  ancl 
the  services  of  a  fireman.  Needless  to  say,  this  fact  is  some- 
times a  stumbling  block  in 
the  path  of  the  central  sta- 
tion which  is  trving  to  add 
the  mining  company  to,  its 
power  load,  as  it  is  difficult 
to  convince  an  operator 
that  it  will  be  economical 
to  discard  all  his  steam 
FIGS.  I  AND  2 — BAYONET  HEATER,  WITH  AND     eugiuc  cquipuieut  for  elcC" 

WITHOUT    CASING  ,     •  i  J     •  J  4. 

trie  motor  drive  and  yet 
maintain  a  boiler  for  heating  purposes. 

Electric  heating  of  the  powder  houses  provides  a  very  effi- 
cient and  inexpensive  solution  of  the  problem,  being  reliable, 
practically  automatic  and  requiring  no  special  attention.  Any 
form  of  heating  by  direct  flame  is,  of  course,  impracticable, 
direct  air  heating,  even  by  the  electric  heater,  being  considered 
unsafe,  so  that  the  electric  heater  is  used  solely  to  heat  the 
water  for  a  hot  water  heating  system.  Heaters  of  the  immer- 
sion type  are  used  and  they  may  be  considered  loo  percent 
efficient.  Fig.  i  shows  a  heater  in  its  casing  and  Fig.  2  the 
heating  element.  Heating  is  accomplished  by  the  natural  circu- 
lation of  water  through  the  casing  surrounding  the  heater. 

The  application  of  this  heater  is  a  very  simple  matter,  all 
that  is  needed  being  an  expansion  tank  for  a  reserve  water  sup- 
ply, a  coil  of  piping  inside  the  powder  house,  the  necessary  pipe 
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littin^s,  and  a  few  hours  work.  A  dia^rani  of  the  pipin*.^  con- 
nections is  j^ixeii  in  Fig'.  3.  A  small  shed  is  built  outside  the 
])o\\(ler  house  in  which  the  heater  and  tank  are  installed  \sith 
pipe  connections  to  the  lieating'  coils  inside.  It  w<juld  be 
j)o>-il)le  to  install  this  type  of  heater  directly  in  the  powder 
house,  but  as  it  is  necessary  to  locate  all  fuses  and  switches 
outside,  it  is  consideretl  better  to  keep  all  wiring  outside  the 
building-  and  thus  avoid  all  possibility  of  danger  resulting^ 
from  a  ground  or  short-circuil.  The  heating  coils  are  of  ordi- 
nary iron  pipe,  preferably  not  less  than 
one  inch  in  diameter,  and  should  be  ar- 
ranged around  three  sides  of  the  room. 
A  pronounced  slope  should  be  given  to 
the  coils  in  order  to  eliminate  air  pock- 
ets and  assist  the  natural  circulation  of 
the  hot  water.  A  pet  cock  at  the  highest 
point  in  the  system  provides  a  means  for 
drawing  off  any  air  which  may  accumu- 
late. This  completes  the  installation  and 
all  that  is  necessary  is  to  fill  the  system 
with  water  and  close  the  switch.  An  ad- 
justable ventilator  is  desirable  to  assist 
in  regulating  the  temperature  but  is  not 
absolutely  essential. 

This  method  of  heating    was    applied 
Fu;.   3-PM.iNG   i.i.u;kam    or     recently   to  a   powder  house,   eight    feet 
KLKCTRic   HOT   vv.\TKK     square  by  six  feet,  six  inches  high.     The 
'  •^''"'^'''  ^'^^''"'•M  heater  was  of  i  8cK)  watts  maximum,  450 

watts  minimum,  capacity.  The  house  contained  3000  pounds  of 
trozen  dynamite  at  a  temperature  of  22  degrees  F.  The  high  heat. 
I  Soo  watts,  was  put  on  at  6  p.  m.  and  left  over  night.  At  6  a.  m. 
the  temi)erature  in  the  house  was  170  degrees  F.  The  heater  was 
then  put  on  the  low  heat  of  450  watts.  This  was  sufficient  to  main- 
tain a  temperature  of  85  degrees  F.  with  outside  temperature  rang- 
ing from  22  degrees  to  36  degrees  F.  Assuming  an  energy  cost  of 
15  cents  per  kw-hr..  the  cost  per  dav  of  24  hours  would  be  about  20 
cents,  a  \ery  small  item  as  compared  to  the  expense  of  a  steam 
lioilt-r  and   t'lreman. 


THE  ELECTRO-PNEUMATIC  BRAKE  SYSTEM  (Cont.) 

BRAKES  FOR  ELECTRICALLY  OPERATED  TRAINS 
WALTER  V.  TURNER  and  P.  H.  DONOVAN 

THE  TRIPLE  VALVE 

THE  triple  valve  comprises  three  main  portions,  as  shown  dia- 
grammatically  in  Fig.  ii,  the  equalising  portion,  the  emer- 
gency portion  and  the  magnet  bracket  portion. 

The  Equalizing  Portion  is  made  up  of  an  equahzing  piston  i 
(with  reduction  Hmiting  valve  4),  an  equalizing  slide  valve  2  and 
graduating  valve  j,  which  directly  control  the  pneumatic  service  ap- 
lication  and  indirectly  the  release  of  the  brakes,  and  the  charging 
of  the  auxiliary  6^  and  supplementary  62  reservoirs ;  a  supplement- 
ary reservoir  check  valve  2^,  which  separates  this  reservoir  62  from 
the  auxiliary  reservoir  (5-?  when  a  brake-pipe  reduction  is  made ;  a 
service  port  check  valve  24,  which  prevents  back  flow  of  brake  cyl- 
inder pressure  to  the  face  of  the  release  piston  when  releasing  the 
brake ;  a  release  piston  6,  which  directly  controls  the  release  of  the 
brakes ;  a  safety  valve  41,  which  blows  down  the  auxiliary  reservoir 
pressure  in  an  emergency  application ;  a  cut-off  piston  21  and  valve 
22,  whice  prevent  main  reservoir  air  from  flowing  to  the  safety 
valve  and  to  the  auxiliary  reservoir  during  an  emergency  applica- 
tion ;  a  direct  and  graduated  release  cylinder  cap,  which  is  to  be 
placed  in  one  position  or  the  other,  according  as  a  graduated  release 
of  the  brake  is  or  is  not  to  be  provided  for. 

In  the  emergency  portion  are: — The  quick  action  piston  11  and 
valve  12,  by  means  of  which  brake-pipe  air  is  vented  to  the  atmos- 
phere in  emergency ;  the  pilot  valve  ig,  which  vents  air  from  the  back 
of  emergency  valve  in  emergency  application ;  the  emergency  valve 
16,  which,  when  open,  admits  main  reservoir  air  loy  direct  to  the 
brake  cylinder  via  go;  the  emergency  slide  valve  piston  7  and  slide 
valve  8,  which  control  the  charging  of  the  quick-action  chamber  and 
the  quick-action  closing  chamber,  the  flow  of  air  from  the  quick-ac- 
tion chamber  to  the  cut-off  valve  piston,  the  flow  of  air  from  the 
quick-action  closing  chamber  to  the  quick-action  piston  //  and  the 
emergency  switch  piston  14  in  the  magnet  bracket  portion  (via 
opening  102),  the  flow  of  air  to  the  face  of  pilot  valve  piston  18, 
venting  of  air  from  the  face  of  cut-off  valve  piston  and  opening  of 
the  quick-action  chamber  maintaining  port ;  the  protection  valve  p. 
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which  automatically  produces  quick    action    when  the    brake    pipe 
l)ressure  is  reduced  to  a  predetermined  value. 

In  the  magnet  bracket  portion  are: — The  emergency  switch  75, 
which  is  closed  at  the  same  time  the  quick-action  valve  12,  emergency 
portion,  is  opened  (by  air  from  the  quick-action  closing  chamber)  ; 
the  service  application  magnet  ?_'  and  valve  jj_,  by  means  of  which 
the  service  brake  j)ipe  reduction  is  made  at  each  car;  the  release 
magnet  i'p  and  valve  50,  which  control  the  electric  release  of  the 
brake;  the  emergency  magnet  55  and  valve  ^6,  which  causes  the 
quick-action  parts  to  operate  by  venting  air  from  the  face  of  the 
emergency  slide-valve  piston  7  to  atmosphere ;  the  magnet  valve 
cut-out  cap  S^y  by  means  of  which  any  or  all  of  the  application  mag- 
nets may  be  cut  out  or  cut  in. 
c 

OPERATION   OF  TRIPLE  VALVE 

Charging  position — Air  from  the  brake  pipe  enters  at  72  and 
4S,  and  flows  to  the  chamber  A  and  the  face  of  the  equalizing  piston 
/.  moving  it  to  release  position,  thence  through  the  feed  groove  120 
to  the  slide-valve  chamber  B  and  to  the  auxiliary  reservoir  (5?,  and 
also  through  56  past  supplementary  reservoir  check  valve  2j,  thence 
through  $/,  ^8,  62  to  the  supplementary  reservoir  and  through  57, 
j>p,  60,  6t,  chamber  B  and  d?  to  the  auxiliary  reservoir  through  the 
equalizing  slide  valve.  The  auxiliary  reservoir  is  thus  charged  fn>ni 
two  sources.  Brake-pipe  air  also  flows  to  the  under  side  of  the 
quick  action  valve.  Air  from  the  brake  pipe  also  acts  directly  on 
the  lower  seat  of  the  protection  \alve  0.  tJirough  port  fJ.  which  will 
remain  seated  downward  until  a  certain  predetermined  i)rcssure  is 
reached  (governed  by  the  protection  valve  spring),  when  it  will 
move  very  quickly  to  its  closed  position,  owing  to  its  differential 
areas,  and  to  the  fact  that  the  space  at  the  back  of  the  jirotcction 
valve  is  always  open  to  the  atmosphere. 

W'ith  the  protection  valve  closed,  the  brake-pipe  air  will 
flow  past  this  valve  through  ./^  to  chamber  C  and  the  face  of 
the  emergency  side-valve  piston  7.  forcing  the  latter  to  its  re- 
lease position  (if  not  alreadv  there),  and  then  to  chamber  P 
through  groove  106.  and  charging  the  quick-action  chamber  through 
//.?  and  the  (|uick-action  closing  chamber  through  0/.  .Air  from 
D  al.so  flows  through  0/  to  95  to  chamber  iS  (near  the  safety  valve) 
on  the  face  of  the  cut-off  portion  21,  pushing  the  latter  to  its  seated 
position  in  which  the  cut-ofT  valve  _'_'  is  held  open. 
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FIG.    II — SCHEMATIC    DIAGRAM    OF   TRIPLE    VALVE 
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'Ihe  brake  i)ipe  is  alsi)  in  communication  with  the  emergency 
application  magnet  valve  :t6  hy  way  of  the  protection  valve  y  through 
42,  4^1,  /6.  I/,  strainer  26,  /S,  /<;,  -so  (the  magnet  valve  cut-out  cap 
being  in  its  normal  position). 

The  chamber  A  on  the  face  of  the  equalizing  jMston  /  is  in  com- 
munication witli  the  service  a])plication  magnet  valve  S3  by  way  of 
5/.  j2,  strainer  -'7.  ji;.  p/.  magnet-valve  cut-out  cap  _?(?  and  ^j. 

ELECTRIC    SERVICE    APPLICATION 

When  the  operator  moves  the  brake-valve  handle  to  the  appli- 
cation position  the  lap  position  of  the  valve  is  passed  over,  in  which 
position  the  release  circuit  magnet  is  closed,  thus  energizing  this 
magnet  2q  and  seating  the  release  magnet  valve  50,  which  is  held 
closed  in  service  position  also.  The  service  application  magnet  cir- 
cuit is  closed  at  this  time,  energizing  magnet  ?_',  which  in  turn  opens 
the  service  application  magnet  valve  J^-  ^  his  allows  air  to  flow  from 
chamber  A,  through  5/,  =^2.  strainer  2/,  ^j?.  5/,  55.  86,  check  28,  8/, 
88  to  the  brake  cylinder  (or  directly  to  the  atmosphere,  if  desired). 
The  electric  service  application  port  is  choked  down  to  the  proper 
size  to  permit  of  a  rate  of  brake-pij:)e  reduction  which  will  cause 
the  equalizing  piston  /,  graduating  valve  ?  and  equalizing  slide  valve 
2  to  move  over  to  service  position  ;  but  this  rate  of  reduction  is  not 
rapid  enough  to  move  the  emergency  piston  7  and  slide  valve  8,  since 
under  these  conditions  the  quick-action  chamber  pressure  can  reduce 
through  its  feed  groove  106.  as  rapidly  as  the  brake-pipe  pressure 
is  being  reduced.  This  insures  the  desired  service  application  and 
prevents  the  possibility  of  undesired  (|uick  action. 

The  first  movement  of  the  equalizing  piston  /  and  graduating 
valve  s  toward  service  position  closes  the  graduated  release  i)i>rt  61. 
and  opens  the  service  port  7/  through  the  slide  valve  2.  which,  liow- 
<."ver.  has  not  yet  moved  so  as  to  cause  this  ])()rt  tti  register  with 
port  ///.  'I  Ik-  lirst  movement  of  tlie  e(|ualizing  piston  /  and  grad- 
uating valve  ?  also  connects,  through  cavity  <55,  in  graduating  valve 
66  (which  leads  through  n  /  to  the  face  of  the  large  end  of  release 
piston  6),  with  port  6/.  which  leads  through  ~6,  "jq  and  81  to  the 
back  of  the  release  ])iston,  thus  balancing  the^e  pressures,  and  >>ince 
the  small  end  of  this  i)i>ton  is  coimected  to  the  atmosphere,  througii 
82,  81,  j)ast  valve  ?o  and  port  <S'5,  it  will  be  forced  to  its  closed  posi- 
tion, due  to  the  differential  areas.  .\l>o  this  lirst  movement  of  the 
piston  /  and  graduatiiig  valve  1'  opens  the  resistance  increasing  cav- 
ity 60  in  the  face  of  the  e(|ualizing  slide  valve  2  to  atmosj)heric  press- 
ure, via  JO,  7J,  7-'.  6y  and  68.    This  increase  in  amount  of  the  under 
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surface  of  the  slide  valve  2,  which  is  exposed  to  the  atmosphere,  in- 
creases the  resistance  which  must  be  overcome  before  the  equalizing 
slide  valve  2  can  be  moved.  The  object  of  this  is  two-fold: — First, 
to  reduce  the  sensitiveness  of  the  valve  sufficiently  to  prevent  fluctua- 
tions in  brake-pipe  pressure,  due  to  the  feed  valve  or  other  causes, 
from  producing  undesired  light  service  applications  or  brakes  creep- 
ing on.  Second,  to  insure  the  making  of  such  a  brake  pipe  reduction 
in  applying  the  brakes  that  no  trouble  in  releasing  can  result  from 
inability  to  establish  sufficient  differential,  as  may  be  the  case  where 
the  brakes  will  apply  on  a  very  light  brake  pipe  reduction.  It  will 
be  noted  that  the  first  movement  of  the  equalizing  piston  i  in  return- 
ing toward  release  position  disconnects  the  resistance  increasing  cav- 
ity (5p  from  the  atmosphere  and  reestablishes  its  communication  to 
the  auxiliary  reservoir,  so  that  the  added  resistance  to  motion  is  at 
once  eliminated,  and  the  valve  will  consequently  be  easier  to  release 
than  to  apply. 

When  sufficient  dift'erential  has  been  established  to  cause  the 
equalizing  piston  /  to  move  the  slide  valve  2  to  its  service  position, 
the  opening  of  the  service  port  114  permits  auxiliary  reservoir  air 
(which  is  always  present  in  chamber  B),  to  flow  past  the  graduating 
valve  5  and  through  the  slide  valve  via  '/4,  to  the  brake  cylinder 
through  114,  115,  past  the  release  piston  6  through  port  8s  past  serv- 
ice port  check  valve  24,  ports  yy,  yS,  past  cut-off  valve  22  and 
through  Q2,  pi  and  8p.  The  brake  cylinder  pressure  will  continue  to 
be  increased  in  this  manner  until  it  equalizes  with  the  auxiliary  res- 
ervoir, or  (in  case  a  full  service  reduction  in  brake  pipe  pressure  is 
not  made)  until  the  auxiliary  reservoir  pressure  is  reduced  to  a  point 
slightly  lower  than  the  pressure  in  the  brake  pipe.  In  the  latter  case 
the  equalizing  piston  i  and  graduating  valve  5  will  move  back  until 
the  piston  stops  against  the  slide  valve  2  in  service  lap  position,  the 
graduating  valve  then  closing  the  service  port  ^4  and  preventing  fur- 
ther building  up  of  brake  cylinder  pressure  and  at  the  same  time 
opening  the  resistance  increasing  port  70  to  auxiliary  reservoir  press- 
ure, thus  again  balancing  the  slide  valve  2  so  far  as  port  /o  is  con- 
cerned and  rendering  it  easier  to  release  than  it  was  to  apply. 

The  service  application  magnet  J2  may  be  held  energized,  thus 
holding  the  service  application  magnet  valve  S3  open  and  causing  a 
continuous  brake  pipe  reduction,  which  permits  the  auxiliary  and 
brake  cylinder  pressure  to  equalize,  giving  a  full  service  application 
of  the  brakes,  or,  it  may  be  energized  for  shorter  periods  of  time, 
thus  causing  partial  brake  applications  to  any  desired  degree,  after 
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which  the  parts  will  move  to  service  lap  position,  as  above  mentioned. 
This  energizing  of  the  service  application  magnet  J2  may  be  repeated 
as  many  times  as  desired,  each  time  causing  an  increase  in  brake  cyl- 
inder pressure,  corresponding  to  the  amount  of  brake  pipe  reduction, 
until  equalization  takes  place. 

It  will  be  noted  that  the  air  flowing  to  the  brake  cylinder  by 
way  of  ports  ^S  and  p2  (cut-off  valve  22  being  then  open)  is  also 
free  to  flow  to  the  safety  valve  by  way  of  port  112.  This  safety 
valve  performs  no  function  during  service  operation,  however,  since 
it  is  set  for  60  lbs.  and  the  equalization  pressure  of  the  auxiliary 
reservoir  and  brake  cylinder  is  but  50  lbs.  (70  lbs.  brake  pipe  press- 
ure being  carried  witli  this  equipment). 

REDUCTION   LrMITlXr.  TEATrKE   IN  THE  EQl'ALIZING   I'lSPriN 

Ordinarily,  the  service  magnet  valve  makes  a  brake  pipe  reduc- 
tion by  connecting  the  brake  pipe  to  the  brake  cylinder — this  then 
means  that  these  two  pressures  are  approaching  each  other,  and  as 
they  near  equalization  the  rate  of  reduction  in  the  brake  pipe  is 
gradually  decreasing  to  zero.  In  order  to  procure  the  desired  press- 
ure in  the  given  time,  then,  the  rate  of  reduction  at  first  is  quite  rapid 
and  the  margin  between  it  and  the  emergency  rate  is  very  small,  this 
margin  being  broadened  as  equalization  is  approached. 

W  hen  it  is  desired  to  have  a  uniform  margin  between  the  service 
and  emergency  rates  of  brake  pipe  reduction,  the  service  magnet  con- 
nection to  the  service  brake  cylinder  may  be  closed  and  opened  to  the 
atmosphere  by  taking  out  plug  50  (in  the  magnet  section)  and  insert- 
ing it  in  the  opening  between  ports  8/  and  88.  In  order  to  limit  the 
brake  pipe  reduction  to  the  equalization  point  under  these  circum- 
stances, the  reduction  liiuiting  check  valve  ./  is  embodied  in  the  equal- 
izing piston  /.  When  the  service  magnet  valve  _??  is  open,  and  the 
equalizing  piston  i  is  moved  over  toward  service  position,  the  reduc- 
tion in  au.xiliary  reservoir  pressure  which  follows  the  opening  of 
the  service  port  stoj)s  the  movement  of  the  equalizing  i)arts  before 
the  reduction  limiting  check  valve  seats  against  the  cylinder  cap 
gasket. 

If  a  continuous  brake  pipe  reduction  i>>  made  the  equalizing  part.s 
will  remain  in  this  position  until  the  auxiliary  reservoir  and  brake 
cylinder  pressures  have  equalized  ;  then  :i  further  reduction  in  brake 
pipe  pressure  will  cause  these  parts  t(^  bo  moved  by  the  higher  nux 
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iliary  reservoir  pressure,  until  the  reduction  limiting  valve  seals 
against  the  cylinder  cap  gasket,  thus  separating  ports  4s  and  ji,  and 
preventing  an  over-reduction  in  brake  pipe  pressure. 

ELECTRIC  EMERGENCY  APPLICATION 

With  the  brake  valve  handle  in  emergency  position,  the  emer- 
gency application  magnet  circuit  is  closed,  energizing  magnet  55, 
which  in  turn  opens  the  emergency  application  magnet  valve  j(5  and 
allows  air  from  the  brake  pipe  to  flow  to  the  atmosphere  through 
ports  42,  4j,  46,  4"/,  strainer  26,  48,  4Q,  ^o,  past  valve  ^6  and  through 
port  40.  This  opening  past  the  emergency  application  magnet  valve 
j6  to  the  atmosphere  is  of  such  size  as  to  permit  of  a  rate  of  brake 
pipe  reduction  which  will  cause  the  emergency  slide  valve  piston  7 
and  its  slide  valve  S  to  move  to  emergency  position,  and  also  the 
equalizing  piston  /,  graduating  valve  5  and  equalizing  slide  valve  2 
to  move  over  until  the  piston  /  rests  against  the  cylinder  cap  gasket. 
With  the  equalizing  piston  /,  graduating  valve  j  and  slide  valve 
2  in  emergency  position,  the  auxiliary  reservoir  is  connected  to  the 
safety  valve  41,  the  same  as  in  service  operation,  through  ports  ^4, 
114,  115,  chamber  L,  port  83  past  valve  24,  port  77,  ^8  and  112.  Con- 
sequently, the  auxiliary  reservoir  pressure  will  be  reduced  by  the 
safety  valve  to  the  point  at  which  the  latter  closes,  viz.,  60  lbs.  This 
reduction  of  auxiliary  reservoir  pressure  when  an  emergency  appli- 
cation is  made  insures  that  the  brake  can  easily  be  released  there- 
after. 

With  emergency  slide  valve  8  in  emergency  position,  air  flows 
from  the  quick  action  closing  chamber  through  ports  04,  95,  q6  and 
loi  to  chamber  E,  thus  forcing  the  quick  action  valve  /="  open, 
thereby  venting  brake  pipe  air  to  the  atmosphere  (which  causes  a 
sudden  local  brake  pipe  reduction  that  starts  pneumatic  quick  ac- 
tion), and  also  through  port  102  to  chamber  F  (in  the  magnet  sec- 
tion), closing  emergency  switch  75,  holding  the  emergency  applica- 
tion magnet  circuit  closed.  This  serves  as  a  circuit  closer  to  cause 
(electrically)  instantaneous  quick  action  throughout  the  train  when 
originating  pneumatically. 

The  quick  action  valve  12  will  remain  open  and  emergency 
switch  75  closed,  until  the  quick  action  closing  chamber  drains  by 
way  of  the  quick  action  exhaust  to  the  atmosphere,  through  the  small 
drilled  port  116.  in  quick  action  piMon  11.  Also  in  this  position  of 
the  emergency  slide  valve  8,  port  pj  leading  to  the  face  of  the  cut-off 
valve  piston  21  is  connected  to  the  atmosphere  through  cavity  pp  in 
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the  slide  valve,  venting  air  from  chamber  K  on  the  face  of  cut-oflf 
valve  piston  and  thus  the  cut-off  \alve  will  he  closed  by  its  spring 
2^.  Also  air  flows  from  the  quick  action  chamber  through  port  //? 
and  chamber  D,  thence  through  the  emergency  slide  valve  ports  p/ 
and  100  to  chamber  M  on  the  face  of  the  pilot  valve  piston  18,  thus 
opening  pilot  valve  /p  and  venting  air  from  the  back  of  the  emer- 
gency valve  16  to  the  atmosphere  through  ports  108  and  locj.  Since 
main  reservoir  pressure,  through  port  loj,  is  exerted  on  the  face  of 
the  emergency  valve  16,  this  valve  will  then  be  forced  open  very 
quickly,  allowing  main  reservoir  air  to  flow  direct  to  the  brake  cyl- 
inder through  ports  loy,  po  and  8p.  The  cut-off  valve  22  being 
closed  prevents  main  reservoir  air  flowing  to  the  safety  valve  ^/  or 
to  the  auxiliary  reservoir,  thus  giving  full  main  reservoir  pressure 
in  the  brake  cylinder. 

A  connection  is  also  made  in  this  position  from  the  quick  action 
chamber  through  port  //?.  chamber  D,  port  /^  to  chamber  B  and  the 
auxiliary  reseroir  through  jjort  (5?.  Then  the  air  in  the  auxiliary 
reservoir  is  made  to  maintain  the  quick  action  chamber  pressure 
(since  its  volume  is  quite  small),  against  possible  leakage  past  the 
pilot  valve  piston  18,  thus  insuring  that  the  pilot  valve  IQ  will  re- 
main open,  thereby  maintaining  the  high  brake  cylinder  pressure  in 
emergency. 

ELECTRIC  RELEASE  AFTER  SERVICE  APPLICATION 

When  it  is  desired  to  release  the  brake,  the  brake  valve  handle 
is  moved  to  release  position,  in  which  the  release  magnet  circuit  is 
open,  and  magnet  2Q  is  de-energized,  allowing  the  release  magnet 
valve  JO  to  be  opened  by  its  spring  5/.  The  brake  pipe  charging  port 
in  the  brake  valve  is  also  open,  restoring  the  air  in  the  brake  pipe 
to  its  initial  pressure.  This  increase  in  the  brake  pii)e  pressure  forces 
the  equalizing  i)iston  /,  graduating  valve  j  and  etiualizing  slide  valve 
J  to  release  ])osition  in  which  the  brake  cylinder  air  is  exhausted  to 
the  atmosphere,  through  ports  8q,  9/.  <>-'.  i)ast  valve  22.  through 
ports  /8,  70.  80,  82,  84,  ])ast  valve  jo  and  through  Sf,  to  exhaust.  If 
the  brake  valve  is  allowed  to  remain  in  thi-<  i)osition.  the  brake  cyl- 
inder air  will  be  exhausted  in  thhe  shortest  possible  time. 

ELECTkK     RELEASE   .VFTKR   EMERC.ENCN      v 'mm  i .    v  ti,  ,v 

After  an  emergency  application  has  been  made  ihc  quicK  .ui:  11 
valve  12  will  remain  open  and  the  emergency  switch  i  ^  closed,  until 
the  quick  action  closing  chamber  air  has  drained  to  the  .•iimo-ilirro. 


286  THE  ELECTRIC  JOURNAL 

through  the  small  drilled  port  ii6  in  quick  action  position  //.  The 
quick  action  valve  12  and  emergency  switch  75  will  then  be  returned 
to  their  normal  position  by  their  respective  springs. 

With  the  quick  action  valve  12  closed  and  the  brake  pipe  press- 
ure being  restored,  the  protection  valve  p  will  be  the  first  to  go  to 
its  normal  (release)  position,  which  will  in  turn  admit  air  to  the 
face  of  the  emergency  slide  valve  piston  7,  forcing  it  to  release, 
and  charging  quick  action  and  quick  action  closing  chambers,  as 
described  under  "Charging."  Brake  pipe  pressure  has  also  been 
built  up  on  the  face  of  the  equalizing  piston,  forcing  it  with  it?? 
valves  to  release  position.  With  emergency  slide  valve  8  in  release 
position,  chamber  M  is  connected  to  the  atmosphere,  through  port 
700  and  cavity  pp.  Pilot  valve  7p  will  then  be  closed  by  its  spring 
20.  Emergency  valve  16  will  remain  open  until  the  pressures  on  the 
front  and  back  of  this  valve  have  equalize  dthrough  the  small  port 
121,  when  it  will  be  closed  by  its  spring  77.  Quick  action  chamber 
air  also  flows  to  the  face  of  cut-off  valve  piston  21,  through  ports 
70-/  and  pj,  thereby  opening  cut-oft'  valve  22  and  allowing  the  ex- 
haust of  the  high  pressure  cylinder  air  past  the  cut-off  valve  22, 
small  end  of  release  piston  6,  and  the  release  magnet  valve  50  in 
the  magnet  position. 

GRADUATED  RELEASE 

The  release  of  the  brake  may  be  graduated  by  moving  the  brake 
valve  handle  back  and  forth  between  release  and  lap  positions.  The 
brake  pipe  charging  port  of  the  brake  valve  is  open  in  release  posi- 
tion. Therefore,  the  equalizing  parts  of  the  triple  valve  will  be 
moved  to  release  position.  In  this  position  cavity  6^  in  the  grad- 
uating valve  5  connects  chamber  L  to  the  atmosphere,  through  ports 
775,  77./  66,  d/  and  68.  The  release  piston  6  will  then  be  forced 
open,  due  to  the  brake  cylinder  pressure  on  the  back  of  same.  In 
release  position  of  the  brake  valve,  the  release  magnet  circuit  is 
open ;  magnet  2Q  is  then  de-energized  and  release  magnet  valve  50 
is  thus  held  open  by  spring  57.  Brake  cylinder  air  can  then  flow 
to  atmosphere,  past  the  cut-off  valve,  small  end  of  release  piston 
and  release  magnet  valve.  But  when  the  equalizing  slide  valve  2 
is  in  release  position  and  the  direct  and  graduated  release  cylinder 
cap  in  the  position  marked  "Graduated  Release"  the  graduated  re- 
lease port  61  is  open,  which  connects  the  supplementary  and  auxil- 
iary reservoirs.  The  former  volume  was  not  used  in  service  opera- 
tion and  will  still  have  its  initial  pressure.     The  supplementary  res- 
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ervoir  air  flowing  back  into  chamber  B  and  to  the  auxiHary  reservoir 
will,  therefore,  quickly  raise  the  pressure  in  the  latter  to  a  point 
which  is  slightly  in  excess  of  that  in  the  brake  pipe,  and  consc- 
<|uently  the  equalizing  j)iston  /  and  graduating  valve  j  will  be  moved 
to  graduated  release  lap  position,  if  the  graduated  release  port  is 
closed.  But  the  cavity  dj  in  the  graduating  valve  j  connects 
ports  64  and  66  leading  to  the  back  and  to  the  face  of  the  large  end 
of  release  piston  6,  thus  balancing  these  pressures.  This  piston 
will  then  be  forced  to  closed  position,  due  to  the  differential  areas, 
cutting  off  the  release  of  air  from  the  brake  cylinder.  No  further 
release  of  brake  cylinder  air  can  now  be  made  until  the  brake  pipe 
pressure  is  again  increased  and  equalizing  piston  /  and  graduating 
valve  J  are  moved  back  to  release  position. 

Even  with  the  direct  and  graduated  release  cap  in  "Direct  Re- 
lease'' position,  which  cuts  out  the  su{)plemcntary  reservoir  connec- 
tion through  ports  59,  60  and  61  to  the  auxiliary  reservoir,  it  is  al- 
ways possible  (when  the  electric  features  are  operative)  to  graduate 
the  release  of  brake  by  means  of  the  release  magnet  valve  50  alone, 
if  the  brake  valve  handle  is  moved  back  and  forth  between  release 
and  lap  positions. 

PNEUMATIC  OPERATION 

In  case  any  of  the  electric  features  should  be  inoperative, 
through  loss  of  current  of  other  cause,  the  triple  valve  may  be  op- 
erated as  any  of  the  older  types,  the  brake  pipe  reductions  then 
being  made  by  means  of  the  brake  valve  alone,  the  brake  valve 
handle  being  the  same  for  both  electric  and  pneumatic  operation. 

rnriiinatic  Service  Application — With  the  brake  valve  handle 
in  service  position,  the  preliminary  exhaust  port  in  the  brake  valve 
is  ojjcned,  allowing  the  equalizing  piston  to  lift  and  cause  a  rate 
of  brake  pipe  reduction  sufficiently  ra])id  to  move  the  triple  valve 
C(iualizing  piston,  graduating  and  slide  valves  to  service  position. 
The  rate  of  reduction  as  fixed  by  the  brake  valve  is,  however,  not 
as  rapid  as  that  at  which  the  {[uick  action  chamber  pressure  can  be 
reduced  through  its  feed  groove  into  the  brake  pipe,  thus  positively 
guarding  against  undesired  quick  action.  The  flow  <>f  air  from 
the  auxiliary  reservoir  into  the  brake  cylinder  is  the  same  in  jmeu- 
matic  as  in  electric  service  operation. 

Pneumatic  Emergency  .Ip plication — With  the  brake  valve  han- 
dle in  this  position,  the  brake  valve  emergency  exhau>t  port  i-  open 
and  permits  such  a  rapid  rate  of  brake  pipe  reduction  that  tlic  quick 
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action  chamber  pressure  cannot  reduce  as  rapidly  through  its  feed 
groove  as  the  brake  pipe  pressure  is  being  reduced  through  the 
brake  valve.  Consequently,  the  emergency  slide  valve  piston  7  and 
its  slide  valve  8  are  moved  to  their  emergency  positions.  The  equal- 
izing piston  /  has  also  moved  (carrying  with  it  the  slide  valve  2 
and  graduating  valve  j)  against  the  cylinder  cap  gasket.  The  op- 
eration of  the  various  valves  is  now  the  same  as  previously  de- 
scribed under  "Electric  Emergency  Application." 

Pneumatic  Graduated  Release — This  is  accomplished  in  the 
same  manner  as  previously  described,  except  that  the  release  magnet 
valve  50  is  open  at  all  times,  and  the  graduated  release  controlled 
entirely  by  the  release  piston  6. 

Protection  Feature — In  case  there  is  excessive  leakage,  after 
a  full  service  application  has  been  made,  which  will  reduce  the  brake 
pipe  pressure  to  a  certain  pre-determined  point,  the  protection  valve 
Q  will  be  forced  open  by  its  spring  10,  thus  connecting  the  face  of 
the  emergency  slide  valve  piston  /  to  the  atmosphere,  through  port 
^6,  chamber  G,  and  port  no,  producing  a  rate  of  brake  pipe  reduc- 
tion that  will  cause  emergency  piston  7  and  slide  valve  8  to  move  to 
emergency  position,  thus  causing  quick  action  as  previously  de- 
scribed. 


SHOP   TESTING    OF   ELECTRICAL   APPARATUS 

III-INSULATION    TESTING 

Till--  general  purpose  in  simp  insulation  testing  is  to  de- 
termine the  fitness  of  the  apparatus  to  perform  its 
function  under  abnormal  as  well  as  normal  v«jltage  con- 
ditions. A  complete  insulation  test,  such  as  is  made  on  elec- 
trical machinery  before  being  sent  out  from  the  factory,  involves 
a  large  number  of  tests  of  indisidual  ])arts  before  the  ajjparatus 
is  assembled,  as  well  as  a  final  test  of  the  completed  machine. 
In  making  the  final  insulation  test,  the  aim  should  be  to  repro- 
duce in  the  apparattis  as  far  as  possible  the  actual  conditions, 
such  as  temperature  and  humidity,  under  which  the  apparatus 
will  operate.  Since  high  voltage  insulation  tests,  especially 
those  in  which  a  voltage  greatly  in  excess  of  the  normal  i> 
used,  tend  to  weaken  the  dielectric  strength  of  the  insulation 
each  time  they  are  made,  care  should  be  taken  to  avoid  sub- 
jecting the  apparatus  to  unnecessary  electrical  stresses,  by 
making  as  few   such  tests   as   possible   even   on   new   machines. 

INSULATION    RESISTANCE 

The  measurement  of  insulation  resistance  is  frequently  a 
considerable  aid  in  giving  an  indication  of  the  condition  of  the 
insulation  in  regard  to  moisture.  On  this  account  it  is  often 
advisable  to  take  a  rough  measurement  of  the  insulation  resistance 
either  by  the  voltmeter  method  or  the  megger.  Should  the  value 
of  the  resistance  obtained  be  abnormally  low,  the  insulation  is 
probably  moist,  and  the  resistance  should  be  brought  up  to  its 
normal  value  (at  least  one  megohm  per  loooo  volts  test  voltage) 
before  a  breakdown  test  is  applied.  When  the  moisture  in  the 
winding  is  finely  sub-divided,  the  resistance  may  appear  very  high 
and  yet  the  apparatus  contain  sufficient  moisture  to  cause  it  to  break 
down  in  service.  The  resistance  of  insulation  changes  very  rapidly 
with  change  of  temperature,  and  this  should  be  taken  into  account 
when  taking  resistance  measurements. 

For  perfectly  dry  homogeneous  material  the  shape  of  in- 
sulation— temperature  curves  is  in  general  that  indicated  by 
the  full  line  in  Fig.  i.     The  temperature  coefficient  is  negative 
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with  a  logarithmic  characteristic.  This  shape  of  curve  is, 
however,  practically  never  secured  in  actual  practice,  as  nearly 
all  insulation  contains  a  certain  amount  of  moisture  at  ordinary 
temperatures.  A  curve  of  this  type**  is  ordinarily  taken  only 
when  there  is  reason  to  suspect  moisture  and,  as  the  tempera- 
ture can  only  be  raised  gradually,  the  time  element  must  also 
be  considered.  A  temperature — resistance  curve,  of  which  the 
dotted  line  Fig.  i  is  typical,  must  be  considered  therefore  as 
including  time  and  moisture  characteristics,  the  resistance  de- 
creasing as  the  temperature  increases  until  a  quite  low  mini- 
mum is  reached.  As  the  .machine  dries  out,  the  insulation  re- 
sistance increases  rapidly,  reaching  a  maximum  at  a  temperature  of 
80  to  100  degrees  C.  at  which  point  very  little  moisture  remains. 

If  the  temperature  is 
still  further  increased, 
the  resistance  begins  to 
decrease  again,  follow- 
ing roughly  the  loga- 
rithmic curve,  until  the 
charring  of  the  insula- 
tion causes  the  resist- 
ance to  decrease  rapidly. 
Since  so  many  variables 
enter  into  the  problem, 
it  is  impossible  to  dupli- 
cate any  actual  curves, 
and  only  general  charac- 
teristic curves  can  be 
shown.  The  usual  meth- 
od of  heating  is  to  pass 
a  current  through  the  winding. 

Heating  of  the  insulation  also  takes  place  when  a  high 
voltage  is  applied  due  to  the  P'R  loss  in  the  insulation.*  With 
moderate  stress  the  temperature  rises  gradually  at  first  and  then 
more    slowly    and    then    becomes    constant,    depending    on    the 
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FIG.     I — TYPICAL     INSULATION     CHARACTEKISTIC 
CURVES 


^See  paper  before  the  A.  I.  E.  E.,  June,  1902,  by  Mr.  C.  E.  Skinner. 


**Tlie  general  formula  is  Log  (Rt-f-Rr'l^CD—Ct)  (T— a)  where^=:the 
temperature  of  observation,  7=any  standard  temperature,  Rt=the  resistance 
at  temperature  t.  Rr  =the  resistance  at  terriperature  T,  C  &  D  are  constants 
which  are  different  for  different  materials.  See  paper  by  Mr.  Townsend 
Wolcott,  before  the  A.  I.  E.  E.,  June,  1902. 


TESTING  ELECTRICAL  APPARATUS  III. 


291 


facility  with  which  the  material  can  dissipate  its  heat  anrl  on 
the  tcmijcraturc  of  the  surrounding  medium.  As  the  stress  is 
increased,  a  point  is  finally  reached  where  the  heat  is  developed 
faster  than  it  can  be  dissipated.  Hence  the  temperature  in- 
creases until  the  insulation  breaks  down.  If  the  material  is  not 
thoroughly  dried,  the  temperature  rises  much  more  rapidly  than  in 
a  well  dried  stock.  The  heat  tends  to  dry  out  the  material  and  in 
this  case  the  tetuperature  may  actually  decrease. 

If  a])precial)le  time  elapses  before  breakdown,  the  fmal  break- 
down in  fibrous  material  results  usually  from  the  burning  of  the 
material  and  not  through  mechanical  rupture.  In  numerous  tests 
which  have  been  made,  the  material  has  been  found  to  be  badly 
charred  on  the  interior  without  breakdown  having  resulted.  In 
such  cases  the  insulation  is  badly  damaged  without  any  indication 
being  shown  during  the  test. 


IK..     _' — WIKI.Ni,     |)|.\(,K.\.M     OK     .\     .^A.MAl.l.     roKTAltl.K     INSLLA- 
Tl(l\    TKSTINr;   TRA.NSKORMI  R 

The  Standardization  ivules  of  the  American  Institute  of 
Klectrical  Engineers  give  the  following  as  a  standard  for  in- 
sulation resistance:  "The  insulation  resistance  of  complete 
apparatus  should  be  such  that  the  rated  voltage  of  the  appara- 
tus will  not  send  more  than  one-milliontli  of  the  rated  loatl  cur- 
rent through  the  insulation.  Where  the  value  found  in  this 
way  exceeds  one  megohm,  it  is  usually  sulTicient." 

niELErTRif  stki:n(;th 

Hy  far  the  mo«.t  important  property  of  the  insulation  of 
electrical  machinery  is  its  resistance  to  rupture  by  electrical 
stress,  or  its  dielectric  strength,  and  tests  of  the  dielectric 
strength  constitute  the  major  portion  of   insulation  testing.     For 
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these  tests  certain  standard  voltages  are  specified,  depending  on  the 
rated  terminal  voltage  of  the  apparatus  and,  in  some  cases,  on  its 
kilowatt  capacity. 

For  machines  having-  a  rated  terminal  voltage  of  2.500 
volts  or  over,  the  test  voltage  is  double  the  terminal  voltage, 
while   for   apparatus  with   a   lower   rated   terminal   voltage,   the 

_ _^     test     potential     depends 

both  on  that  voltage  and 
on  the  rated  output.  The 
reasons  for  these  varia- 
tions in  requirements  are 
largely  mechanical,  as 
insulation  sufficient  for 
electrical  purposes  on 
machines  of  compara- 
tively low  voltage  does 
not  always  possess  me- 
chanical strength  to  in- 
sure safety  against  vi- 
bration and  abrasion. 
Low  voltage  apparatus 
is  also  in  much  greater 
danger  of  being  sub- 
jected to  potentials  greatly  in  excess  of  those  for  which  it  was 
designed  than  high  voltage  machinery.  Table  I.  taken  from  the 
Institute  Standardization  Rules,  gives  the  testing  voltages  specified 
for  all  classes  of  machinery.  In  all  cases  the  testing  voltage  is  to 
be  applied  for  one  minute  continuously. 

TABLE  I— STANDARD  FINAL  TEST  VOLTAGES 


FJG.    3 — SMALL    PORTABLE    INSULATION 
TKSTING     SET 

For   voltages    up    to    10  000   volts. 


Rated  Terminal  Voltage  of 
Circuit 


Rated  Output 


Under  10  kw 
10  kw  and  over 
Under  10  kw 


Not  exceeding  400  volts. .  . 

400  volts  and  over,  but  less 
than  800  volts !  j^";:^  3,^j  ^^^j. 

800  volts  and  over,  but  less 

than   I  200  volts Any 

1  200  volts  and  over,  Init 

less  than   2  500 \ny 

2  500  volts  and  over .-Vny 


Testing  Voltage 


I  000  volts 
I  500  volts 

1  500  volts 

2  000  volts 

3  500  volts 

5  000  volts 

I~)ouble  normal  voltage 


The  method  of  obtaining  the  testing  voltage  varies  con- 
siderably with  the  class  of  apparatus  to  be  tested  and  the 
voltage  used.     Where  large  capacity  is  not  required,  portable 
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tc^ting  sets  furnish  the  niDSt  convenient  means  of  obtaining 
the  proper  voltage.  These  sets  consist  of  a  transformer  en- 
closed in  a  box  and  nicjunted  on  wheels  so  as  to  be  easily  mov- 
able;  a  circuit-breaker,  pilot-lamj)  and  knife-switch  are  usually 
included  in  the  primary  circuit.  The  high-tension  winding 
of  the  transformer  consists  of  two  coils  in  series,  from  both  of 
which  leads  are  tapped  off  at  intervals  corresponding  to  the 
voltage  steps  indicated  by  dials  on  the  cover  of  the  box.  It  is 
thus  possible  to  obtain  a  great  number  of  steps  between  zero 
and  maximum  voltage.  A  wiring  diagram  for  a  five  kilowatt. 
220 — 10  000  volt  testing  set*  is  shown  in  Fig.  2.  The  great  dis- 
advantage of  these  sets 
lies  in  the  method  of 
controlling  the  voltage, 
as  the  secondary  circuit 
must  be  broken  and  re- 
established each  time 
when  passing  from  step 
to  step,  and  no  method 
of  gradually  changing 
either  primary  or  sec- 
ondary voltage  is  afford- 
ed. For  this  reason, 
testing  transformers  of 
larger  capacity  and  high- 
er potentials  are  pro- 
vided with  Stilwell  or 
induction  type  regula- 
tors in  the  primary  cir- 
cuit, so  that  the  voltage 
lan  be  increased  or  de- 
creased gradually  by  varying  the  current  in  the  primary  or  low-ten- 
sion winding. 

There  are  several  methods  of  measuring  the  testing  voltage-, 
vi/,:  by  means  of  (i)  an  ttrdinary  voltmeter  in  series  with  the 
proper  amount  of  resistance.  (2)  an  electrostatic  voltmeter.  (3) 
a  spark-gaj).  or  {4)  in  the  case  where  a  regulator  is  used  to 
vary  the  low-tension  voltage,  by  connecting  a  voltmeter  acros«- 


FIO.    4 — INSLL.XTION    TKSTI.NC.    SKT 

KqiiippiM      witli      induction      rcjjulator 
KraHu.il    volta;ii-   iiuTcasc. 


f. 


•Sec  also  article  by  Mr.  C  S.  Lawson  in  the  Jouk.val  for  August 
Vol.  VIII.  p.  7^.v 
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the  low-tension  terminals ;  then,  since  the  ratio  of  transforma- 
tion is  fixed,  the  high  tension  voltage  may  be  read  directly 
from  the  voltmeter.  This  last  method  is  by  far  the  most 
satisfactory  one  but  is  not  very  accurate  for  high  voltages,  nor  for 
machines  of  high  static  capacity,  in  which  case  the  secondary 
voltage  may  be  quite  different  from  that  indicated  by  the  ratio  of 
transformation.  The  first  method  consumes  considerable  power 
when  the  capacity  of  the  transformer  is  large,  and  the  spark-gap 
method  is  unreliable  when  the  sparking  distance  is  less  than  half  an 
inch.  As  the  voltage  increases,  the  needle  spark-gap  gives 
correspondingly  better  results  up  to  about  100,000  volts.  A 
calibration  curve  for  a  needle  spark-gap  is  given  in  Fig.  5. 
The  indications  are  affected  by  atmospheric  conditions,  and  it 

is  necessary  to  use  new 
needle-points     for     each 
discharge.  For  these  rea- 
sons,   the   needle    spark- 
gap  is  used  mostly  as  a 
check  on  other  methods. 
1'he  electrostatic  voltme- 
ter gives  fairly  satisfac- 
tory results,  but  the  in- 
struments are  exoensive. 
A    method    of    spark- 
gap     measurement     has 
been  developed  and  used 
in  practical    testing    for 
about  two    years    which 
possesses    many   advan- 
tages   over   the     needle- 
point method   now   con- 
sidered   standard.      In    this    method,    two    accurately    machined 
spheres  placed  one  above  the  other  are  used  for  the  terminals 
of  the  gap  instead  of  the  usual  needle-points.     Experience  has 
shown   that  the   sphere-gap   gives   far  more   consistent   and.  re- 
liable results  than  can  be  obtained  with  needle-points.     When 
the   voltage   used   exceeds    100  000  volts,    it   becomes    increasingly 
difficult    to    obtain    consistent    results    with    needles.      The    re- 
lation   between    separation    of    points    and    break-down    voltage 
is    affected    to    such    an    extent    by    conditions    of    atmospheric 
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pressure,  humidity,  jirdximity  of  lui^hlx.ring  bodies,  etc.,  that 
the  values  i)btained  by  cHffcrcnt  investigators  at  (Hfferent  times 
vary  considerably.  The  sphere-gap  is  little  affected  by  ex- 
ternal conditions,  occupies  a  comparatively  small  amount  of 
space,  and  is  readily  movable.  The  same  spheres  may  be 
used  almost  indefmitely.  Further,  it  has  been  found  tliat  as 
long  as  no  brush  discharge  takes  place,  very  consistent  results 
are  obtainable,  and  bni^h  discharge  will  not  occur  when  the 
spheres  are  separated  by  a  distance  less  than  their  diameter. 
Hence,  by  using  different  .sizes  of  spheres,  the  voltage  range 
may  be  varied  as  desired.  With  spheres  50  cm  (19.7  inches)  in 
diameter,  and  the  middle-point  of  the  high-tension  winding 
grounded,  voltages  up  to  650000  volts  have  been  used  with  satis- 
factory results.  'Ihe  ap- 
proximate relation  be- 
tween break-down  volt- 
age and  air  -  gap  ob- 
tained with  two  ten-inch 
spheres,  one  of  which 
was  grounded,  is  shown 
in  Fig.  6.  In  view  of 
the  consistency  and  con- 
venience of  this  method 
compared  with  the  use 
of  needle-points,  it  seems 
likely  that  it  will  soon 
supersede  the  latter  as  a 
standard. 

It  is  very  necessary 
that  the  capacity  of  the 
testing  transformer  be 
sufficiently  large  to  sup- 
ply charging  current  for  the  apparatus  in  test  without  material  dis- 
tortion of  the  wave  form  or  dro])  in  voltage.  If  the  static  capacity 
of  the  a[)paratus  in  test  is  known  the  capacity  of  the  transformer 
can  easily  be  calculated,  but  as  this  static  capacity  is  very  seldom 
known,  it  is  customary  to  build  these  testing  transformers  of  a  size 
sufficient  to  test  almost  any  ordinary  electrical  apparatus.  The 
testing  capacity  rcf|uired  for  standard  genor.itor^,  .-n.d  ni.itor«:  is 
shown  in  Table  II. 
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The  1)reakdown  tests  which  are  given  to  the  various  com- 
ponent parts  of  electrical  apparatus  usually  exceed  those  which 
the  Standard  test  of  the  complete  machine  imposes  on  any 
of  its  component  parts.  In  a  large  generator,  for  instance,  the 
individual  coils  are  first  tested  for  breakdown  between  turns 
and  then  for  breakdown  between  conductor  and  a  tin  foil  sheet 
representing  the  slot,  before  the  coil  is  placed  in  a  machine. 
After  being  assembled,  the  individual  coils  are  tested  for  break- 
down to  ground  before  they  are  connected.  After  the  coils 
are  connected",  the  windings  are  again  tested  for  breakdown  to 
ground  and  from  phase  to  phase  before  the  machine  is  ready  for 
its  final  complete  test.  The  voltages  to  which  the  parts  are 
subjected  vary  considerably  with  difl:'erent  types  of  apparatus, 
l)ut  are  in  general  as  indicated  in  Table   III   for  direct-current 

TABLE    II— TRANSFORMER  CAPACITY  NECESSARY  FOR 
INSULATION  TESTING 


Maximum  Test  Voltage 

Capacity  in  Kilowatts 

20CO 

I 

6000 

3 

10  000 

5. 

30  003 

30 

53  000 

50 

1 00  000 

100 

150000 

150 

250000 

250 

machines  and  in  Table  IV  for  alternating-current  machines. 
Some  of  the  tests  on  component  parts  are  specified  as  momen- 
tary tests  and  others  for  one  minute.  Usually  the  momentary 
tests  are  not  considered  as  satisfactory  as  a  test  for  one 
minute  and  are  not  used  for  final  tests,  but  where  a  large  num- 
ber of  tests  are  being  made,  as  for  instance  individual  coils, 
too  much  time  is  consumed  in  making  one  minute  tests. 

In  addition  to  the  tests  of  dielectric  strength  of  insulation, 
short-circuit,  open-circuit  and  ground  tests  are  also  made  in 
order  to  reveal  any  faults  in  the  insulation,  or  any  damage 
which  it  may  have  received  in  handling.  These  tests  are  made 
on  each  individual  armature  coil  before  it  is  placed  in  position, 
and  then  on  the  completed  armature.  For  this  purpose  special 
apparatus  has  been  designed,  consisting  of  a  special  type  of  trans- 
former for  coils,  and  of  an  alternating-current  magnet  for  arma- 


TESTING  ELECTRICAL  APPARATUS  IIL 


297 


'^  o 


2 

0 

>. 

-4-' 

t« 

'C 

i 

2^ 

09 
C 

c 

c 

0 

8 
10 

p 

8 

Si 

'5 

cs 

CO 

CD 

5 

fS 

< 

1 

w 

1 

3 

rt 

'y. 

'X 

£5 

0 

■<  *- 

2 

C 

r^- 

C3 

.5 

i* 

> 

±3 

0 

0 

§ 

b 

^■" 

ir, 

Q 

0 

W 

'^1 

0 

c 

^ 

■^ 

H 


00  =^ 


"2 
5 


E 

o 


i^^ 

i 

h:?^ 

~ 

cs 

u 

-'H 

a 

was 

3 

E 

HOS 

1   ^ 

_0 

J.  U 

^ 

L. 

=  H 

0 

r,'   U 

_M 

'*^  W 

■5 

tr  2i 

0 

»■ 

i) 

< 

0 

5" 

W   u 


o 


I    ? 


o 


I  e  8 


E  8   8 


c     * 

8    3 


tures  whicli  greatly  simplifies  the  process  of 
locating  faults,  either  short-circuits  or  open- 
circuits,  'i'he  transformer  is  huilt  in  the 
form  of  an  K-shaped  magnetic  circuit,  the 
middle  section  of  which  is  wound  with  an 
exciting  coil.  On  the  l^ick  of  the  E,  be- 
tween the  middle  section  and  either  outside 
section,  are  wound  two  small  coils  of  sev- 
eral turns,  the  ends  of  the  coils  being  con- 
nected to  a  telephone  receiver,  as  shown  in 
Fig.  7.  The  coils  are  so  connected  that 
under  ordinary  conditions  the  e.  m.  f 's  in- 
duced in  them  oppose  each  other  and  bal- 
ance accurately.  The  armature  or  field  coil 
to  be  tested  is  placed  over  one  of  the  outside 
sections.  If  the  insulation  is  perfect  no  cur- 
rent can  flow  in  the  coil  and  the  e.  m.  f 's 
in  each  half  of  the  telephone  circuit  will 
balance.  If,  however,  the  coil  is  short-cir- 
cuited, a  current  will  flow,  which  will  react 
on  the  magnetic  field,  and  disturb  the  bal- 
ance of  the  flux  in  the  two  magnetic  circuits. 
Consequently  a  current  will  flow  in  the  tele- 
phone circuit,  which  is  indicated  by  a  buz- 
zing sound  in  the  telephone  receiver. 

For  large  coils,  a  somewhat  different 
method  is  used  in  testing  for  short-circuits. 
In  this  method  the  two  small  coils  on  the 
back  of  the  E  and  the  telephone  receiver 
are  omitted,  and  a  laminated  iron  yoke  is 
laid  across  the  tops  of  the  outside  and  mid- 
dle sections  to  complete  the  middle  circuit. 
An  ammeter  is  connected  through  a  series 
transformer  in  the  circuit  of  the  exciting 
coil,  and  a  voltmeter  is  connected  across  the 
terminals.  The  coil  to  be  tested  is  placed 
over  the  middle  section  of  the  E.  and  the 
primary  voltage  is  raised  to  that  specified 
for  the  coil  under  test.  By  this  means  a 
definite  voltage  per  turn  is  induced  in  the 
coil  which  is  independent  of  the  number  of 
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turns  in  the  coil  under  test,  but  bears  a  con- 
stant ratio  to  the  primary  voltage.  Cur- 
rent at  133  cycles  is  used  in  order  not  to  sat- 
urate the  iron.  If  there  is  no  breakdown 
in  the  coil  the  ammeter  reads  only  the  ex- 
citing current  of  the  transformer,  but  if  the 
coil  insulation  is  defective  a  very  large  cur- 
rent results,  which  is  indicated  by  the  am- 
meter and  frequently  by  the  opening  of  the 
circuit  breaker.  When  the  core  of  the  trans- 
former is  excited  to  a  high  value,  a  very 
pronounced  humming  noise  is  produceed. 
When  a  short-circuited  coil  is  placed  over 
the  middle  section,  the  magnetic  flux  set  up 
by  the  short-circuit  current  opposes  that  in 
the  core,  so  that  it  is  almost  impossible  to 
produce  any  high  degree  of  saturation. 
Consequently  the  absence  of  the  humming 
noise  usually  indicates  a  defective  coil. 

Direct  current  armatures  are  tested  for 
grounds  and  short-circuits  by  placing  them 
against  an  alternating-current  magnet  of  the 
type  shown  in  Fig.  8,  the  flux  from  which, 
passing  through  the  core,  sets  up  an  alter- 
nating e.  m.  f.  in  the  windings.  If  there  are 
no  faults  in  the  insulation  the  e.  m.  f 's  in- 
duced in  each  half  of  the  winding  counter- 
balance each  other  and  no  current  flows,  but 
a  decided  potential  difference  exists  between 
adjacent  commutator  bars.  A  knife-blade 
or  a  sharp  piece  of  steel  is  then  passed, 
around  the  commutator,  short-circuiting  in 
succession,  those  coils  which  have  one  side 
under  the  magnet.  A  decided  spark  at  the 
point  of  short-circuit,  indicating  a  potential 
difference  between  the  bars,  shows  that  the 
coil  is  in  good  condition.  Absence  of  spark- 
ing indicates  either  a  short-circuit  or  an 
open  circuit.  If  the  coil  is  short-circuited 
a  local  current  flows,  setting  up  a  magnetic 
flux  around  the  slots  containing  the  defect- 
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ive  coil.  This  can  readily  be  detected  by  passing  a  piece  of  soft 
iron  around  the  core,  which  will  have  a  tendency  to  stick  over  the 
slot  containing  a  short-circuited  coil. 

Certain  precautions  and  conditions  are  necessary  when  con- 
ducting insulation  tests,  and  in  order  to  make  their  application 
more  clear,  it  is  customary  to  dixidc  all  tests  of  dielectric 
stren.u^th  into  two  general  classes,  depending  on  the  voltage  used 
and  the  static  cajiacity  of  the  apparatus  to  be  tested.  The  first 
class  includes  ai)paratus  for  which  the  test  voltage  is  less  than 
ten  kilowatts,  and  also  all  apparatus  of  small  static  capacity, 
regardless  oi  the  xoltage  used.  All  other  apparatus  falls  in  the 
second  class.  In  making  tests  on  either  class,  it  is  highly  impor- 
tant that  the  following  conditions  be  observed : — 

I — The  wave-shape  of  the  testing  circuit  should  be  as  near 
a  true  sine  \\a\e  as  possi])]e,  and  ilie  apparatus  in  the  testing 
circuit  shiiulil  nut   nialcrialU'  distort  this  wave.     The  reason  for 

this  lies  in  the  fact  that  all  meas- 
urements of  current  and  voltage 
in  alternating  -  current  circuits 
are  made  in  terms  of  "elTective 
values."  or    square    root    of    the 
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Telephone  Receiver    meau  squarc  of  thc  avcragc  val- 

FiG.   7— TEST  TRAXSFORMF.R   FOR         ucs  of  the  ordiuatcs  in  a  perfect 
.\RM.\Tri<i;    (OILS  .  ,      1  • 

sme  cur\e.   and   alternatmg-cur- 

rent  voltmeters,  and  aiiuneters  are  calibrated  to  measure  correctly 

on  this  basis;  consecjuently,  if  the  wave  shape  is  greatly  distorted. 

a  considerable  error  may  he  introduced  into  the  measurements,  since 

the  breakdown  voltage  corresponds  to  the  maximum. 

2 — The  supply  circuit  should  have  sufficient  current  capac- 
ity so  that  the  charging  current  which  may  be  taken  by  the 
apparatus  under  test  will  not  materially  alter  the  wave  form  nor 
unduly  affect   the  test   \oltage. 

3 — The  circuit  should  be  free  from  accidental  interruptions, 
as  these  may  set  up  m->nKntary  surges  of  high  \oltage  in  the 
circuit. 

For  tests  comiun;  under  the  second  class,  additiotial  i)recau- 
tions  are  necessary.  When  high  voltages  are  used,  especial 
care  should  be  taken  that  no  sudden  changes  of  anv  sort  occur 
cither  in  the  j)rimary  or  secondary  circuit.  The  voltage  in  the 
primary   should   always  be  increased   gradually,   by   the   use  of 
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either    a    Still  well    or    induction    type    regulator,    preferably    the 
latter,   especially   for   high  voltages,  on   account  of  the   sudden 

though  small  changes  in  e.  m.  f.  pro- 
duced by  passing  from  step  to  step 
of  the  Stillwell  regulator.  At  the 
conclusion  of  a  test  it  is  equally,  if 
not  more  important,  that  it  be  de- 
creased gradually  to  a  low  value  be- 
fore opening  the  high-tension  circuit. 
Under  no  circumstances  should  the 
high-tension  circuit  be  opened  or 
subjected  to  sudden  changes  of  volt- 
age with  the  low-tension  circuit 
closed.  In  such  cases,  especially  if 
the  apparatus  under  test  be  of  high 
static  capacity,  an  arc  will  occur  at 
the  break,  which  may  set  up  oscillat- 
ing currents  of  high  voltage  in  the 
secondary  circuit,  and  the  insulation 
will  probably  be  punctured.  On  the 
other  hand,  if  the  primary  be  sud- 
denly opened  with  the  secondary 
closed,  similar  surges  will  be  induced 
in  the  secondary. 

It  will  thus  be  seen  that  consider- 
able care  and  judgment  must  be  used 
in  making  high-tension  insulation  tests  in  order  to  avoid  imposing 
stresses  on  the  material  which  are  not  intended  when  a  test  voltage 
is  specified. 


FIG.  8 — TEST  TRANSFORMER  FOR 
COMPLETE  DIRECT-CUERENT 
ARMATURES 
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C    H.  SANDERSON 
RLMOTE  MECHANICALLY  CONTROLLED  SWITCHBOARDS 

HE  many  advantages  to  be  gained  from  the  use  of  tlie  remote 
mechanically-controlled  type  of  switching  apparatus 
have  been  so  readily  recognized  by  those  having  switch- 


yH,.     I — SWITCHIItiAKU   OF    MKDUM     SIZK 

I'nr  contr  illiiiR  two  cxcittTs,  two  )^ciu'rati>rs  and 
one  feeder  as  shown  in  I-'ig.  3.  An  alternating-cur- 
rent ammeter,  voltmeter,  indicating  wattmeter, 
power-factnr  meter  and  field  ammeter  are  used  for 
each  generator  with  wattliour  meter  mounted  on 
the  rear  of  the  panel.  The  motor  panel  accommo- 
dates the  voltage  regulat/)r  as  well  as  the  circuit 
breaker  handle  and  ammeter  for  the  motor.  The 
exciters  have  individual  ammeters  and  a  coinmon 
voltmeter,  while  the  feeder  is  provided  with  a 
Kraphic  indicating  wattmeter  and  a  polyphase  watt- 
hour  meter. 

board    problems  to  solve   that   their   use   has   iK-c<«me   very    i:e- 
quent.     In  many  cases  they  are  given  preference  over  the  self- 
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contained  or  the  electrically-operated  designs  owing,  either  to 
the  many  desirable  features  secured  with  very  little  increase  in 
cost,  or  to  the  fact  that  for  many  installations  the  remote 
mechanical  control   provides  the   same  desirable  operating  fea- 


FIG.   2 — REAR   VIEW  OF    SWITCHBOARD   SHOWN   IN   FIG.    I 

The  watthour  meters  for  ihe  generator,  rndtor  and  feeder 
circuits  are  mounted  on  short  brackets  at  the  top  of  the 
board  above  the  direct-current  field  bus.  The  shunts  of  the 
exciter  ammeter,  at  left  of  board,  are  mounted  on  a  slate 
base.  The  equalizer  rheostat  is  mounted  on  the  sub-panel. 
The  next  panel  contains  the  voltage  regulator  resistances, 
with  condensers  and  brackets  for  circuit  breaker  relays 
mounted  beneath.  The  two  generator  panels  contain  the 
field  ammeter  shunt,  sprockets  and  idlers  for  the  rheostat, 
controller   for  engine  governor  and  ammeter  receptacles. 

tures   as   may   be   obtained   by   the   use   of   electrically-operated 
switching  apparatus   with  a  great  decrease  in   cost. 

Remote  mechanical  control  of  switching  apparatus  was  per- 
haps first  used  in  connection  with  high  voltage  carbon  circuit 
breakers.     Before  the  advent  of  the  oil  circuit  breaker,  alter- 
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tiating-currcnt  ciriuil^  above  6(K)  xolts  were  commonly  opened 
witli  carbon  l)reakers,  wliicli  were  usually  separated  by  large 
fireproof  harriers.  They  were  ni'iuiited  at  the  top  of  very  high 
panels  so  as  to  ])ri)tect  the  attendants  against  accidental  con- 
tact, kennjte  mechanical  control  was  thus  necessitated,  and  the 
convenience  and  safety  secured  by  its  use  soon  lead  to  the  re- 
moval of  dangerous  or  bulky  apparatus  from  the  switchboard 
panels.  The  first  oil  circuit  breakers  were  of  such  design  and 
capacity  as  to  be  easily  adapted  to  switchboard  mounting.  How- 
ever, the  demand  for  larger  generating  units  and  higher  voltages 
soon  necessitated  circuit  breakers  of  a  size  and  weight  suitable 
only  for  separate  mounting. 

So  great  has  been 
the  demand  for  hand- 
operated  remote  con- 
trolled switching  ap- 
paratus that  practical- 
ly all  switching  appa- 
ratus, regardless  of 
size  or  capacity,  may 
now  be  obtained  suit- 
ably arranged  for  re- 
mote manual  ojiera- 
tion.  Many  of  the 
plants  of  smaller  ca- 
pacity which  could 
readily  have  used 
panel  mounted  appa- 
ratus have  felt  justi- 
fied in  incurring  the 
.small  extra  expense  necessary  to  pn^vide  the  remote  mechanically 
controlled  ecjuipment.  Many  of  the  large  central  stations  and  trans- 
mission comjianies,  while  using  electrically-operated  equipments 
in  their  main  generating  and  transforming  station^,  have  adopted 
remote  mechanical  control  for  the  same  class  of  apparatus  in 
their  substations. 

AnvANTA(;i:s 

The  advantages  gained  by  the  use  of  remote  meclianical 
control  over  that  of  the  self-contained  boards  may  be  .sunima- 
ri/ed   briefly   as   foll<nvs: 

I — All     high     voltages    are     removes     ioi;ii     im     p,iii<    -,      nu-. 


Sb  KM. 

FIG.  3— DIAGRAM  OF  CONNECTIONS  FOR   SWITCIIBO.VRD 
SHOWN    IN    FIGS.    I    AND  2 
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permitting  ready  inspection  of  the  instrument  and  control 
wiring-,  eliminating  danger  of  injury  to  attefidants  from  contact 
with  live  parts,  permitting  the  location  of  the  board  to  much  better 
advantage  as  regards  the  remainder  of  the  installation  because 
less  space  and  less  protection  are  required. 

2 — Panels  are  not  subjected  to  the  mechanical  strains  due 
to  automatic  operation  or  to  the  dead  weight  of  the  apparatus. 

3 — In  case  of  marble  panels  their  appearance  is  not  marred 
by  stains   from  creeping  oil. 


FIC.    4 — LARGE    REMOTE    CON'TROL    SWITCHBOARn 

For  light  and  power  distribution,  controlling  appa- 
ratus as  shown  in  Fig.  6.  Meters  are  provided  with 
black-faced  dials  with  white  lettering. 

4 — Violent  explosions,  attendant  upon  the  opening  of  heavy 
currents  or  the  failure  of  a  circuit  breaker  will  not  injure  the 
panels  and,  if  the  circuit  breakers  are  sufficiently  spaced  or  are 
enclosed  in  fireproof  cells,  adjacent  circuit  breakers  will  not 
be  affected. 

5 — The  panels  may  be  much  narrower,  the  reduced  cost 
thereof  offsetting,  to  a  considerable  extent,  the  additional  cost 
of  the  remote  control  feature.  Moreover,  the  decrease  in  total 
length  of  the  board  may  result  in  a  very  material  saving  in  cost. 

6 — A    more    compact    arrangement    of    the    apparatus    is    of 
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great  assistance  to  tlic  operator,  approachinjj^  as  it  does  more 
nearly  to  the  compact  and  efficient  arrangements  obtained  by 
means  of  control  desks. 

7 — Much  shorter  main  connections  are  made  possible,  and 
high  \(>ltages  kept  away  from  certain  floors,  or  certain  rooms 
by  locating  the  remote  control  structure  properly. 

8 — Where  a  wall  is  used  for  supporting  the  apparatus,  the 
cost  of  the  ci>m])lctc  outfit  may  be  rcduccfl  to  verv  near  that  o* 


FK;.   5 — KKAK   VIKW   01     SWiri  IlItdAKI)   SHOWN    i\     1 \ 

The  calil)ratin){  rcct'i)taclfs  may  he  seen  near  the  bot- 
tom of  the  alternating-current  panels,  with  the  relays 
just  above  them.  On  the  exciter  panels  are  shown  the 
<loul»lc  exciter  bus,  direct-current  wattmeter  and  c«iual- 
izer  rheostat. 

the  self-contained  type  <tf  board,  and.  in  s<.mc  cases  ttf  very 
heavy  capacities  at  Imv  vi>ltages.  may  be  less  in  ci»^t.  Moreover, 
accessible  arrangements  i>f  .ipparatus  with  ample  spacings  may 
easily  be  obtained. 

9 — Where  a  steel  or  masonry  structure  is  used,  access  may 
l)e  had  to  either  side  of  the  structure  and  an  arrangement  ot 
this  kind  will  satisfactorily  accomotlate  the  maximum  annnmt  o\ 
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apparatus    ordinarily    used    for    either    single    or    double-throw 
arrangements. 

In  comparison  with  the  electrically  operated  board,  the  re- 
mote mechanically-operated  board  usually  occupies  from  5  to 
50  per  cent^  more  space  although  the  circuit  breakers  and  bus- 
bars for  a  given  capacity  will  be  practically  identical.  The  size 
of  the  board  in  either  case  depends  primarily  on  the  number  of 
instruments  employed  for  each  circuit,  as  they  require  more 
width  than  the  control  handles  of  the  circuit  breakers.  The 
boards  themselves  may  be  identical  throughout  as  to  equipment 
except  for  the  method  of  control  of  the  circuit  breakers  and 
usual  attendant  difference  in  method  of  automatic  relay  tripping 
of  the   circuit   l)reakers,   the   electrically-operated   boards   using 
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FIG.    6 — SINGLE-LINE    DIAGRAM    OF   CONNECTIONS    OF    SWITCHBOARD 
SHOWN    IN    FIGS.    4   AND    5 

direct  current  and  the  remote  mechanical  control,  alternating  cur- 
rent for  this  purpose. 

APPLICATION 

The  remote  mechanically  controlled  switchboard  is  limited 
in  capacity  by  physical,  rather  than  electrical  characteristics. 
As  all  high  capacity  circuit  breakers  may  be  arranged  for  remote 
mechanical  control  as  well  as  electrical  operation,  the  problem 
becomes  one  of  mechancial  arrangement  in  which  it  is  usually 
very  easy  to  meet  the  electrical  requirements.  The  principal 
rules  to  be  observed  as  regards  the  mechanical  limitations  may 
be  stated  briefly  as  follows : 

A  circuit  breaker  should  close  readily  with  the  ordinary 
effort  exerted  by  the  average  man  using  but  one  hand.  It  is 
impracticable  to  operate  a  circuit  breaker  satisfactorily  at  a 
horizontal  distance  much  in  excess  of  35  feet  or  a  vertical  dis- 
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tance  of  20  feet,  with  standard  commercial  apparatus.  This 
distance  may  prove  too  great  for  satisfactory  operation  if  more 
tliaii  two  bell-cranks  must  be  used  or  if  the  direction  of  motion 
must  be  changed,  as  in  clearing  columns  or  other  obstructions. 
The  inertia  of  the  mechanism  should  not  be  sufTicient  to  materi- 
ally  affect    the    time   or   power   required    to   close    the   breaker. 

\\'hen  the  mechanism 
ol)crates  vertically,  as 
when  controlling  cir- 
cuit breakers  on  floors 
above  or  below  the 
s  w  itch  b  o  a  r  d. 
the  mechanism  may 
l)e  counterweighted  to 
take  the  weight  of  the 
vertical  rod  off  the 
operating  handle;  but, 
as  the  inertia  of  the 
mechanism  is  thereby 
increased,  the  appli- 
cation of  counter- 
weights is  limited. 

In  \iew  of  these 
considerations  it  is 
recommended  that 
this  type  of  switch- 
board be  confined  to 
the  use  of  circuit 
breakers  of  3  000  am- 
peres capacity  or  less 
and  of  3  500  volts  or 

FK;.    7— MCHTI.VC    ASfi    PDWKR    .\LTF.RN.\TING    AND  i        .  'i  "  .  .       • 

HIKKCT-CCKKt.NT    SWITCHBOARD    FOR    SMAIX    CITY  ^■''■*''      **""      tO      SlatlOnS 

This  is  an  unusually  compact  form  of  board  whose  capacity  does 
for  the  apparatus  it  controls,  as  shown  in  the  cJia-  pot  exceed  2^  OOO 
gram,   I'ii;    o  1  •      ,  •    1  '  . 

K.  V.  a.  m  higli-spced 

turbo-generators  or  the  ef|uivaknt  in  tether  sources  of  supply. 


TV  PES 


The  nuilti-section  panel  (;o  inches  high  is  almost  univer- 
sally used  for  this  class  of  board.  The  installation  which 
requires  the  use  of  remote  control  apparatus  is  of  such  capacity 
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that  the  smaller  type  of  board*  would  not  be  in  keeping  with 
the  remainder  of  t!ie  equipment.  For  individual  circuits  or  very 
small  sub-stations,  or  when  associated  with  small  direct-current 
boards,  however,  the  smaller  type  of  panel  may  be  employed 
economically  and  to  good  advantage. 

Figures   i,  2  and  3  illustrate  the  type  of  board  often  used 
for  a  hydro-electric  plant  of  medium  size  where  all  the  power 


FIG.     8 — REAR     VIEW     OF     SWITCHBO.\RD     SHOWN     IN     FIG.     J 

The  small  amount  of  space  occupied  and  the  accessibil- 
ity of  all  parts  are  clearly  shown. 

generated  is  taken  over  one  feeder  to  the  center  of  distribution. 
The  exciters,  which  are  operated  in  connection  with  a  voltage 
regulator,  are  controlled  from  a  double  exciter  panel  containing 
the  ammeters,  a  common  voltmeter,  main  and  equalizer  rheo- 
stats and  main  switches.  The  second  panel  contains  the  handles 
for  the  automatic  protective  circuit  breaker  and  the  starting  cir- 


*  See  article  by  author  in  the  Journal  for  Februai-y,  1913. 
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cult  breaker,  and  the  ammeter  for  the  exciter  motor,  as  well  as 
the  regulators.  The  two  generator  panels  are  each  equipped 
with  ammeter,  voltmeter,  power-factor  meter,  indicating  watt- 
meter and  field  ammeter,  and  the  usual  switches,  circuit  breaker 
handle,  plugs  and  receptacle  with  the  addition  of  a  governor 
speed  controller.  The  feeder  is  provided  with  a  graphic  watt- 
meter and  an  automatic  circuit  breaker  with  relays,  the  latter 
usually  inverse  or  definite  time  limit,  but  often  reverse  current 
where  the  station  feeds  into  a  system  of  power  stations. 

Boards  for  large  industrial,  or  light  and  power  plants,  are 
illustrated   in   Figs.   4,   5   and  6.     This   particular   equipment   is 


FIG.     10 — REMOTE    CONTROL    SWITCHBOARD 

Instrument  busses  taped  in  one  group.  Auxiliary  knife-switches 
for  instrument  leads  mounted  above  and  connected  to  oil  circuit 
breaker  handles.  Conduits  for  instrument  wires  taken  through 
(Channel  base  of  switchboard.  Extreme  depth  of  board  over  all, 
18  inches. 

mainly  double  throw,  as  illustrated  in  Fig.  6.  The  meters  are 
all  provided  with  black  dials  with  white  scales  and  lettering, 
which  are  generally  considered  much  easier  to  read  than  the 
white  dial.  The  bracket  instruments,  which  are  mounted  on  a 
swinging  panel,  consist  of  two  voltmeters,  a  synchroscope, 
power-factor  and  frequency  meter.  The  generator  panels  are 
each  equipped  with  two  ammeters,  indicating  wattmeter,  volt- 
meter, field  ammeter,  watthour  meter;  while  the  feeder  panels 
each  have  one  ammeter  with  receptacles  for  either  phase  and  a 
watthour  meter.  Two  good  methods  of  mounting  watthour 
meters  are  illustrated  in  Figure  2  and  4,  the  former  on  brackets 
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at  the  rear  of  the  board  near  the  top  and  the  latter  on  the  front 
on  sub-sections.  Fig.  5  shows  the  usual  method  of  mounting 
relays  and  calibrating  receptacles  at  the  rear  of  the  board. 

The  switchboard  illustrated  in  Figs.  7,  8  and  9  is  a  good 
example  of  the  compact,  yet  efificient.  arrangement  which  this 
class  of  board  affords.  Sub-section  mounting  of  relays  on  the 
front  of  the  board  is  shown  in  Fig.  7. 


riG.    12 — CONTROL   DESK   AND   INSTRUMENT   PANELS    EQUIPPED    FOR 
REMOTE   MECHANICAL   CONTROL 

The  control  desk  (Figs.  11  and  12),  though  not  yet  used  to 
any  considerable  extent  when  mechanical  control  is  employed, 
is  very  popular  for  controlling  electrically-operated  equipments 
because  of  its  many  desirable  features.  Few  of  these  features 
are  lost  in  a  properly  designed  desk  for  remote  mechanical  con- 
trol and,  as  the  cost  does  not  greatly  exceed  thai  of  the  panel 
type,  there  is  no  reason  why  it  should  not  be  chosen  for  stations 
requiring  a  large  control  equipment. 
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Mr.  Wallace  W.  Briggs,  assistant 
sales  manager  of  the  Westinghouse 
Electric  &  Mfg.  Company,  and  located 
at  San  Francisco,  has  resigned  to  accept 
the  position  of  assistant  to  the  presi- 
dent of  The  Great  Western  Power 
Company  and  The  Northwestern 
Light  &  Power  Company,  and  will  be 
located  in  San  Francisco. 


Mr.  Parker  H.  Kemble,  general  sales 
manager  of  the  Toronto  Electric  Light 
Company,  has  resigned  to  accept  the 
position  of  manager  of  the  commercial 
department  of  the  Union  Gas  '&  Elec- 
tric Company,  of   Cincinnati,  Ohio. 


Mr.  George  W.  Hamilton,  formerly 
engineer  on  mining  work  in  the  general 
engineering  division  of  the  Westing- 
house  Electric  &  Mfg.  Company,  and  a 
frequent  contributor  to  the  Journal. 
has  accepted  the  position  of  engineer  of 
inspection  of  the  Pittsburgh-Buffalo 
Company,  with  headquarters  in  Pitts- 
burgh. 


Mr.  E.  T.  Selig,  manager  of  the  in- 
dustrial and  power  division  of  the  Syra- 
cuse office  of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  recently  resigned 
to  enter  the  employ  of  the  United  Gas  & 
Electric  Corporation  of  40  Wall  Street, 
New  York  City,  as  commercial  engineer, 
and  is  located  for  the  present  with  their 
New  Orleans  property,  The  Consum- 
ers' Electric  Light  &  Power  Company, 
New  Orleans,  La. 


Mr.  Charles  Robbins,  manager  of  the 
industrial  and  power  department  of  the 
Westinghouse  Electric  &  Mfg  Com- 
pany, has  been  appointed  assistant  sales 
manager.  Mr.  J.  ^L  Curtin  has  been 
appointed  to  <;ucceed  Mr.  Robbins.  Mr. 
H.  W.  Cope  has  been  appointed  assist- 
ant manager  of  the  industrial  and  power 
department. 


Mr.  Stanley  M.  Smith,  formerly  of 
the  engineering  staff  of  the  electrical 
commission.  City  of  Montreal,  has 
joined  the  selling  staff  of  the  Canadian 
Westinghouse  Company,  with  headquar- 
ters in  Halifax,  N.  S. 


Nfr.  S.  F.  Moore,  recently  foreman  of 
turbine  tests  and  foreman  of  automobile 
construction  of  The  Westinghouse  Ma- 
chine Company,  has  resigned  and  en- 
tered the  employ  of  the  West  Penn 
Power    &     Traction     Company,     Pitts- 


Mr.  B.  A.  Appleton,  a  graduate  of 
Stevens  Institute,  has  been  appointed 
western  sales  manager  of  the  Hemming 
Mfg.  Company,  Garfield,  N.  J.,  with 
headquarters  in  suite  1654,  Monadnock 
Block,  Chicago. 


Mr.  Albert  O'Connor,  formerly  of  the 
dynamo  test  department  of  the  West- 
inghouse Electric  &  Mfg.  Company,  has 
resigned  to  accept  a  position  with  the 
Electric   Machinery    Company   of    Min- 
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NEW  BOOKS 


A  Little  Detective 
on  a  Great  Machine 

Accuracy  is  the  basic  principle 
of  the  Remington  Adding  and 
Subtracting  Typewriter. 


The  machine  is  accurate. 
But  this  is  not  all.  It  en- 
forces accuracy  on  those 
who  use  it.  Likewise  it 
admonishes  to  accuracy  all 
those  on  whose  work  it  affords 
a  check. 

It  detects  errors.  It  likewise 
prevents  errors.  Fewer 
errors  are  made  in  every  office 
where  the 

Remington 

Adding  and  Subtracting 
Typewriter 

(Wahl  Adding  Mechanism) 
is  used.  Why?  Because  every  clerk 
knows  that  this  machine  will  infal- 
libly detect  his  errors  and  this 
knowledge  makes  him  more  care- 
ful in  everything  that  he  does. 

Thus  the  machine  adds  accuracy  to 
mechanical  labor  saving  in  everv 
kind  of  work  where  writing  and 
adding  are  done  on  the  same  page. 

Illustrated  booklet  sent  on  request 

Remington  Typewriter 
Lompciny  i n c ( > r p o r a t e i> 

New  York  and  Everywhere 


"Diesel   Engines    for  Land   and  Marine 
Work" — A.    P.    Chalkley.     220   pages, 
75  illustrations.     Published  by  D.  Van 
Nostrand  Company.    For  sale  by  The 
Electric  Journal.     Price,  $3.00. 
Diesel    engines    have    noticeably    been 
engaging  the  attention  of   power  users 
within  recent  years  and  engineering  lit- 
erature has  been   replete   with    descrip- 
tions and  information  regarding  the  de- 
velopment   of    this    interesting    motor. 
The  subject,  therefore,  is  not  new,  nor 
has     been     neglected    but     no     attempt 
has  been  made  previously  to  devote  an 
adequate    book    to    the    Diesel    engine. 
This  the  writer  does  in  his  work  in  a 
very    instructive     manner.       The     book 
covers  the  need  principally  of  the  oper- 
ator, and  aims  not  only  to  give  him  an 
appreciation  of  the  value  of  this  type  of 
prime    mover,    but    presents    elaborately 
the  details  of  design  along  with  the  fun- 
damental principles  of  operation.  Chap- 
ters   on    testing    and    marine    work    are 
presented.        An      appendix      containing 
Lloyd's  Insurance  Rules  is  included. 

E.D.T). 


"Questions  and  Answers  on  the  Na- 
tional Electrical  Code" — T.  S.  Mc- 
Laughlin. 232  pages,  five  illustrations. 
Published  by  the  McGraw-Hill  Book 
Company,  New  York  City.  Price, 
$1.00. 

To  those  who  like  the  question  and 
answer  style  of  presentation  better  than 
tlie  definite  statements,  as  contained  in 
the  Code,  this  book  should  prove  of 
value.  The  answers  allow  somewhat 
more  latitude  in  the  discussion  of  the 
meaning  of  certain  paragraphs.  Ques- 
tions which  can  be  answered  by  yes  or 
no,  however,  are  not  much  of  an  im- 
provement on  the  Code  itself.  Such  an- 
swers are  probably  inserted  as  a  means 
of  securing  completeness  with  reference 
to  code  sections.  This  book  is  gotten 
out  in  a  small  pocket  size  with  flexible 
leather  binding. 


WANTED. 
College  graduates  in  electrical  en- 
gineering for  work  in  our  testing  de- 
partments. Good  opportunities  for 
experience  and  advancement.  Apply 
Employment  Department,  Box  911, 
Pittsburgh,  Pa. 


FOR  SALE. 
One  Westinghouse  Direct-Current 
Generator,  300  kw,  125  volts,  2400 
amperes.  130  r.  p.  m.  Serial  number 
544928;  in  excellent  condition,  at  low 
price.  Address  The  Goodyear  Tire  & 
Rubber  Company,  Akron,  Ohio. 
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Of  the  various  methods  of  etYecting  power  plant 
Improving      economies,  none  has  attracted  more  attention  oi  late 
Power    Plant  years  than  the  use  of  the  low  pressure  turbine.   The 
Efficiencies     increase  in  plant  capacity,  with  a  proportionate  re- 
duction in  unit  cost  of  generating  power  which  is 
thus  obtainable,  accounts   for  the  extent  to  which  they  are  being 
applied  in  these  days  when  conservation  and  cthciency  are  the  famil- 
iar ])recepts  in  all  fields  of  work.     Although  many  installations   of 
these  machines  have  already  been  made,  the  held  has  as  yet  been 
scarcely  opened.     This  is  largely  due  to  the  lack  of  infomiation  as 
to  the  wide  possibilities,  and  a  general  discussion  as  to  the  use  of 
such  machines  is.  therefore,  of  particular  value,  since  it  indicates 
nian\-  other  f)])portunities  for  their  application  hitherto  unconsidered. 
The  article  by  Mr.  Francis  llodgkinson,  in  the  current  issue  of 
the  JorRN.AL,  entitled  "The  Application  of  Low  Pressure  Turbines," 
covers  the  field  in  a  \ery  complete  way.     The  emphasis  laid  on  the 
primary  consideration,  "that  no  steam  be  wasted  to  atmosphere,"  but 
all  available  be  used  in  the  most  effective  manner  possible,  is  partic- 
ularly appropriate.     Teculiarly  enough,  the  use  of  low  pressure  ap- 
paratus, the  ])rimary  incentive  to  which  is  increased  efficiency,  has 
often  been  made  in  an  inefricient  manner.    The  classilication  of  such 
installations  gi\es  the  reader,  in  coinenient  form,  an  excellent  gen- 
eral view  of  the  considerations  afTecting  such  installations;  in  other 
words,  exactly  the  perspective  necessary  to  approach  a  problem  of 
this  character  iiUelligently.      The  discussion  of  the  installation   in 
each  class,  besides  containing  valuable  information  as  to  good  prac- 
tice, as  shown  bv  field  results,  enables  the  pn>spective  user  to  esti- 
mate closely  the  expense  incident  to  m.iking  such  installations  and 
the  gain  in  overall  i)ower  cost  obtainable  by  their  use 

H.  A.   k.\n.L\  h. 
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I  have  been  interested  in  reading  a  small  collection 
The  Human=  of  essays  on  education  printed  in  1761,  containing, 
ities  in  Techni-  among  other  papers,  a  letter  by  Milton,  Locke's 
cal  Education  "Essay  on  Education,"  and  various  papers  from  the 
Spectator.  The  immediate  point  of  interest  is  the 
criticism,  even  at  that  early  day,  in  many  of  the  papers,  of  educa- 
tional methods  in  general  and  "those  licensed  tyrants,  the  school- 
masters" in  particular.  There  is  too  much  Latin  and  too  much 
Greek  and  too  little  English  and  "Merchants'  Accompts."  Now, 
after  three  hundred  years,  but  mainly  during  the  past  fifty  years,  we 
have  almost  eliminated  the  Greek  and  the  Latin  and  have  our  Eng- 
lish and  accounts  multiplied  a  Inuidredfold,  liut  we  are  still 
dissatisfied. 

There  is  little  originality  but  o1)vious  truth  in  the  observation 
that  education  has  two  aims ;  to  train  a  man  intensively  for  the  work 
he  expects  to  do,  and  to  give  him  a  general  training  in  other 
branches  of  learning  so  that  his  interests  outside  of  his  work  may 
be  healthily  developed.  This  idea  was  well  expressed  but  from  a 
different  viewpoint  by  the  Spectator  in  one  of  the  papers  included 
in  the  collection  mentioned : 

"The  design  of  learning  is,  as  I  take  it,  either  to  render  a  man 
an  agreeable  companion  to  himself  and  teach  him  to  support  soli- 
tude with  pleasure;  or,  if  he  is  not  born  to  an  estate,  to  supply  that 
defect  and  furnish  him  with  the  means  of  acquiring  one." 

Today  we  would  change  this  only  to  combine  the  two  functions. 
But  our  schools  are  far  from  accomplishing  these  aims.  Too 
often  education  for  companionship  is  absent  entirely,  and  education 
for  business  is  wide  of  the  mark. 

It  is  only  human  to  value  most  highly  the  training  Vv'e.  ourselves, 
have  missed.  That  may  explain  my  own  feeling  that  engineers,  in 
common  with  other  educated  men,  should  obtain  before  they  leave 
college  a  speaking  acquaintance  at  least  with  the  humanities  and 
natural  sciences,  not  because  of  any  direct  benefit  in  their  profes- 
sional work,  but  solely  to  enlarge  their  interests,  quicken  their  sym- 
pathies and  so  prevent  premature  mental  old  age.  That  this  feeling 
is  shared  by  many  practicing  engineers  was  brought  out  by  an 
incident  of  the  past  winter.  Twenty  or  more  college  graduates  of 
from  ten  to  twenty  years  standing  organized  themselves  into  a  class 
to  study  psychology  under  a  professor  from  a  local  University,  and 
showed  their  sustained  interest,  not  only  by  attending  a  series  of 
ten  evening  lectures,  but  by  paying  their  money  for  them.     It  is 
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true  that  some  joined  the  class  uilh  the  expectation  that  tiie  prin- 
cii)lcs  of  psychology  could  be  directly  applied  in  their  daily  relati(jns 
with  t)ther  men.  While  this  hope  was  not  realized  to  any  extent 
— ajjplied  i)sychology  is  still  a  long  way  from  being  an  exact 
science — the  sentiment  of  the  class  at  the  close  of  the  lectures  was 
unanimous  that  the  course  had  been  of  great  value  to  them  in  broad- 
ening their  understanding  and  s^'mpathies,  and  of  considerable  indi- 
rect value  in  their  daily  practical  work.  This  incident  is  simply  an 
illustration  of  the  value  placed  l)y  experienced  engineers  on  a  subject 
seldom  associated  with  engineering.  If  psychology  and  kindred 
branches  of  learning  are  desired  by  practical  engineers,  they  are 
certainly  worthy  of  consideration  for  the  undergraduate. 

It  nuist  be  granted  that  if  the  cultural  studies  are  to  be  in- 
creased, the  technical  must  be  diminished.  I  believe  that  a  part  of 
the  present  technical  instruction  can  be  omitted  with  profit  to  all 
concerned,  and  so  make  a  place  for  more  of  the  work  usually  asso- 
ciated with  a  classical  course. 

Engineering  education  may  be  divided  broadly  into  three  parts : 
those  studies  that  give  the  required  mental  attitude  and  training  for 
work  that  must  square  with  rigid  and  exact  natural  laws ;  those 
studies  more  closely  allied  with  practical  work  that  teach  the  general 
methods  of  conducting  engineering  investigations  and  provide  tcK)ls 
for  the  work  ;  and,  fmally,  the  actual  practical  experience  in  the  work 
itself.  'J  he  first  two  classes  are  properly  the  work  of  the  schocjls ; 
the  third  class,  while  occupying  part  of  the  school  time  and  a  large 
part  of  the  senior  year  of  many  courses,  can  only  be  carried  on  with 
any  degree  of  satisfaction  outside  of  the  schools  and  in  the  practical 
commercial  world. 

It  is  dillicult  to  distinguish  Ijetween  studies  of  the  fnst  and  sec- 
ond classes  mentioned,  since  most  branches,  if  in  either  class.  ])artake 
of  the  nature  of  both,  i'orlunately.  it  is  not  necessary,  since  both 
come  properly  within  the  ])rovince  of  the  school.  ( )n  the  other  hand, 
it  is  ea.sy  to  separ.ite  ihe  third  class  fnun  the  other  two.  which  is  the 
im|K»rtant  distinction.  These  distinctions  can  be  illustrated  by  con- 
sidering the  (|uestion  of  instruction  in  design  methods.  Si)  man\ 
books  on  detailerl  design  calculations  have  been  published  for  eiiu'i 
nccring  students  that  the  subject  is  surely  considered,  by  the  authors 
at  least,  a  iiro(>er  one  for  instructional  jnirposes.  Most  designtnir  i-- 
partly  an  art  and  partly  a  science,  the  proportions  depending  as  inuv  li 
on  the  nature  of  (he  desismcr  as  on  the  nature  of  the  structure  to  be 
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designed.  Proficiency  in  the  art  can  only  come  from  practice  and 
experience,  and  complete  designs  involving  the  art  as  well  as  the 
science  can  have  very  little  value  from  a  pedagogic  standpoint.  The 
necessarily  brief  time  available,  the  lack  of  perspective,  in  both  teach- 
ers and  students,  that  only  experience  can  give,  and  the  impossibility 
of  checking  by  construction  and  test  the  designs  worked  out,  all  help 
to  bring  this  about.  The  designing  of  complete  machines  and  struc- 
tures is  then  a  subject  the  colleges  can  profitably  leave  to  the  school 
of  experience.  But  there  are  fundamental  principles  at  the  bottom 
of  most  designing  methods  which  afford  excellent  material  for  in- 
struction. In  electrical  machinery  design,  for  example,  there  is 
enough  material  in  the  study  of  the  two  fundamental  elements  of 
machines,  the  electric  and  magnetic  circuits,  to  bring  out  all  the 
important  principles  and  methods  used  in  actual  designing.  If  these 
fundamentals  are  understood,  polyphase  armature  windings  need  not 
be  mysteries  to  be  taken  on  faith ;  the  actual  results  from  many  cor- 
rect and  incorrect  connections  and  slot  arrangements  may  be  quanti- 
tatively plotted ;  the  effect  of  the  shape  of  pole  face  and  number  of 
slots  per  pole  may  be  independently  investigated  by  the  student; 
magnetic  leakages  may  be  calculated  from  fundamental  considera- 
tions of  potentials  and  reluctances  and  need  not  be  guessed  at  as  a 
"leakage  factor."  And  if  the  fundamentals  are  thoroughly  studied, 
the  methods  of  investigation  used  become  tools  in  the  permanent 
possession  of  the  student  that  may  be  applied  to  the  solution  of  a 
wide  range  of  practical  design  problems,  a  result  far  more  important 
than  the  making  of  a  complete  and  detailed  design,  the  material  for 
the  greater  part  of  which  the  student  has  necessarily  taken  on  faith. 
In  striving  after  the  practical,  our  technical  schools  have  under- 
taken work  that  can  better  be  left  to  apprenticeship  courses  and  other 
commercial  organizations.  They  have  omitted  cultural  studies  as  a 
consequence,  resulting  in  a  personal  limitation  the  student  rarely 
removes.  F.  D.  Newbury. 


THE  APPLICATION  OF  LOW  PRESSURE  TURBINES 

FRANCIS  HODGKINSON 

INASMUCH  as  a  low  pressure  turbine  works  with  sul>stantially 
half  the  heat  drop  of  a  high  pressure  condensing  turbine,  its 
construction  is  more  simple  and  there  are  fewer  turbine  ele- 
ments. As  the  volumes  of  steam  which  pass  through  the  turbine 
are  comparatively  greater,  larger  blade  passages  are  permitted,  all 
of  which  conduces  to  the  simplicity  and  ruggedness  of  the  turbine 
and  facility  of  design.  In  low  pressure  turbine  applications,  there- 
fore, the  skill  of  the  engineer  is  frequenty  called  upon  more  in  con- 
nection with  the  method  of  applying  the  turbine  than  in  its  actual 
design.  It  is  the  object  of  this  article  to  set  forth  some  of  the 
considerations  which  must  be  considered  in  making  such  ai)pli- 
cations. 

The  following  may  be  cited  as  questions  which  arise  when  such 
an  installation  is  contemplated.  Is  there  enough  steam  for  the  low 
pressure  turbine,  and  has  its  quantity  been  properly  estimated? 
Although  for  i)reliminary  purposes  a  sufficiently  accurate  guess  of 
the  available  quantity  of  steam  may  be  made,  the  use  of  indicator 
cards  from  the  high  pressure  machines  is  advisable.* 

Steam  meters  furnish  an  alternative  method  of  arriving  at  the 
desired  figures,  although  the  preferable  procedure  is  a  complete  test 
of  the  boiler  plant  itself.  It  is  advisable  to  make  a  deduction  of  ten 
percent  from  the  ap])arcntly  available  amount  of  steam  to  allow  for 
the  moisture  in  the  exhaust  from  the  engines. 

A  second  typical  question  is  that  of  the  governing  of  the  tur- 
bine. Should  this  be  accomplished  by  the  direct  application  of  a 
centrifugal  device  to  the  turbine,  or  should  arrangements  be  made  to 
tic  together  electrically  the  generators  driven  by  the  turbine  and  !)y 
the  rcciprocator  furnishing  the  exhaust  steam?  If  a  governor  is 
used,  acting  directly  on  the  turbine,  should  it  control  the  inlet  to  the 
turbine  alone,  or  should  it  be  connected  to  a  valve  in  the  low  pres- 
sure line  permitting  a  j)ortion  of  this  steam  to  pass  directly  to  the 
condenser  and  thus  lowering  the  back  pressure  on  the  reciprocating 
engines  whenever  possible,  due  to  low  load  on  the  turbine?  Should 
the  turl)ine  be  complicated  and  its  overall  efficiency  somewhat  re- 
duced by  the  addition  of  a  high  pressure  element  so  that  it  will 


•The    analysis    <>f    these    cards   may  be  made  in  a  m<>>t   >.i  > 

manner    by    the    method    described   bct'urc    the    A.S.M.E.    al    '  -lu 

in  May.  1912,  by  Mr.   Taul  Clayton. 
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operate  with  passable  efficiency  on  steam  direct  from  the  boilers? 
Finally,  should  the  low  pressure  turbine  be  installed  at  all?  Does 
the  condition  of  the  reciprocating  engines  warrant  their  perpetuation, 
or  would  the  best  results  be  obtained  by  the  installation  of  complete 
expansion  turbines?  This  condition  exists  in  many  plants  where 
low  pressure  installations  are  suggested. 

CLASSIFICATION 

Low  pressure  turbine  installations  may  be  more  or  less  readily 
classified,  and  the  various  types  are  here  enumerated  for  conveni- 
ence. A  more  detailed  discussion  of  each 'appears  in  the  succeed- 
ing pages. 

Case  A — A  low  pressure  turbine  taking  steam  from  the  exhaust 
of  a  reciprocating  engine,  the  generators  of  each  being  connected  to 
the  same  bus-bars  and  no  governing  device  used. 

Case  B — A  turbine  or  a  number  of  turbines  and  engines  con- 
nected similarly  to  Case  A. 

Case  C — A  low  pressure  turbine  operating  in  conjunction  with 
one  or  more  engines  as  in  Cases  A  or  B,  except  that  the  turbine  and 
engine-driven  generators  are  of  different  electrical  characteristics. 
A  direct-current  street  railway  generating  plant,  with  alternating- 
current  distribution  to  distant  substations,  is  a  good  example  of  this 
case,  the  turbine  and  engine-driven  generators  being  tied  together  by 
rotary  converters  or  motor-generator  sets.  Another  expedient  by 
which  the  use  of  a  governor  could  be  eliminated  is  the  connection  of 
the  turbine-driven  alternator  to  bus-bars  upon  which  floats  a 
synchronous  motor  belted  or  direct-connected  to  the  reciprocating 
machine. 

Case  D — A  low  pressure  turbine  operating  on  the  steam  ex- 
hausted by  a  number  of  engines,  pumps  or  other  apparatus,  without 
any  relation  between  the  electrical  output  from  the  turbine  and  the 
amount  of  steam  available.  In  such  a  case  a  governor  controlling 
the  admission  valve  of  the  turbine  is  obviously  necessary,  as  is  a 
relief  valve,  permitting  any  excess  of  low  pressure  steam  to  pass  to 
the  atmosphere. 

Case  E — A  low  pressure  turbine  operating  on  the  exhaust  from 
engines  wdiich  are  carrying  an  independent  load,  as  in  Case  D.  The 
turbine  governor,  however,  controls  a  valve  which  connects  the 
reciprocating  engines  \\\\h  the  condenser,  imposing  on  them  only 
enough  back  pressure  to  enable  the  turbine  to  carry  its  load.  The 
engines  thus  have  the  benefit  of  some  vacuum  whenever  the  load  on 
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the  turbine  is  li^'it  eiionj^fli  In  rcnnii''  I----  i]i:in  almcsplu  ri'-  !"iei 
l)ressiire. 

Case  I' — A  low  pressure  turbine  operating  in  conjunction  ^vith 
an  enijinc  (lrivin<j  a  mill  or  a  system  of  shafting,  the  output  of  the 
turbine  being  used  for  motors,  lights,  etc.  Any  excess  of  current 
generated  over  the  electrical  demand  may  be  returned  to  the  shafting 
by  using  a  synchronous  motor,  coupled  or  belted  to  the  line  shaft. 
and  thus  acting  as  a  balance  to  pro]iortion  the  load  between  the  two 
niaobines  so. that  the  best  economy  may  be  obtained. 

Case  G^—\  low  j^ressure  turbine  receiving  steam  fr<»m  an  inter- 
niiitontlv  n])crating  engine  such  as  a  hoisting  engine  or  a  rolling  mill 
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dri\e.  If  the  intervals  in  the  steam  sujjply  arc  not  too  great,  a 
regenerator  may  be  employed,  absorbing  the  excess  supply  of  steam 
nt  one  time  to  give  it  U|)  again  to  the  turbine  wlicn  the  latter  <lemand- 

"'   nuount  exceeding  that  passing  from  the  engine. 

Case  II — Practically  all  turbines  ccjuipped  with  governors  have 
a  valve  which  will  admit  sul'ticient  live  steam  to  carry  the  normal 
load  should  the  low   pressure  supply   fail.     !^iicii   an   arrangement 

Iocs  not.  however,  give  high  efliciency  on  high  iJi'essure  steam  since 
/ts  expansive  energy  is  wasted  in  throttling  and  only  a  small  amount 
(s  recovered  from  the  resultant  sui)erheat.     Cas^?  If.  therefore. 
\  ides  what  is  termed  ;i  nn'xed  pressure  turbine  which,  in  adduiun 
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to  the  low  pressure  section,  is  equipped  with  elements  enabling  it  to 
expand  steam  from  boiler  pressure  to  that  of  the  condenser.  Such 
a  turbine  is,  of  course,  so  constructed  that  all  the  available  low 
pressure  steam  enters  it  at  the  proper  point.  A  mixed  pressure  tur- 
bine is,  therefore,  used  where  it  gives  better  overall  efficiency,  al- 
though it  has  a  poorer  economy  on  low  pressure  steam  alone  due  to 
the  dead  load  of  the  idle  high  pressure  element.  The  relative  pro- 
portion of  the  high  and  low  pressure  elements  will  be  determined  by 
the  amounts  of  steam  of  each  class  to  be  handled  and  the  continuity 
with  which  they  are  supplied.  Such  a  turbine  must,  of  course,  be 
equipped  with  a  governor. 

GENERAL 

The  primary  general  consideration  in  any  low  pressure  installa- 
tion is  to  insure  on  the  one  hand  that  the  turbine  will  receive  suffi- 
cient steam  to  enable  it  to  meet  all  demands  for  load ;  and,  on  the 
other,  that  all  the  available  exhaust  steam  is  utilized  either  in  the 
turbine  or  in  some  manner  even  more  efficient  about  the  plant.  The 
installation  should,  therefore,  be  so  arranged  as  to  absolutely  pre- 
clude the  possibility  of  exhaust  steam  escaping  to  the  atmosphere. 

In  this  connection  it  is  pertinent  to  state  that,  while  the  low 
pressure  turbine  is  an  exceedingly  efficient  machine  mechanically 
and  affords  an  economical  means  of  using  a  by-product  often  wasted, 
its  absolute  thermal  efficiency  is  only  approximately  ten  percent. 
Exhaust  steam  condensed  in  a  feed  water  heater,  on  the  other  hand, 
shows  a  return  of  approximately  eighty  percent,  so  that  such  a 
heater  should  have  first  consideration  in  any  low  pressure  installa- 
tion. In  general,  the  amount  of  exhaust  steam  required  for  heat- 
ing the  feed  water  is  about  one-sixth  of  the  total  amount.  In  sev- 
eral cases  previously  cited,  the  pressure  in  the  receiver  from  which 
the  turbine  draws  its  steam,  is  subject  to  variation.  It  rises  with  the 
load,  and  below  full-load  is  apt  to  be  slightly  less  than  atmospheric. 
If  the  feed  water  heater  were  connected  with  this  receiver,  the  tem- 
perature would  be  low  when  the  receiver  pressure  was  low.  In  such 
a  case,  a  good  arrangement  would  be  too  take  the  exhaust  from  all 
the  plant  auxiliaries  and  collect  it  into  a  single  main  leading  to  the 
heater.  Then  any  steam  not  condensed  in  the  heater  would  pass 
from  it  through  a  constant  pressure  valve  such  as  shown  in  Fig.  2, 
and  thence  into  the  receiver  from  which  the  low  pressure  turbine 
draws  its  steam.  Thus  the  feed  water  passing  to  the  boiler  feed 
pumps  would  be  at  212  degrees  F.,  an  ideal  condition  and  one  read- 
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ily  obtained  provided  the  amount  of  exhaust  steam  from  the  auxil- 
iaries is  always  sufficient  to  produce  the  desired  heating  effect.  (Jb- 
viously,  the  heater  must  be  protected  by  a  relief  valve  in  order  that 
the  pressure  may  not  reach  an  unduly  high  value.  This  valve  should 
be  preferably  a  back  pressure  valve  of  first-class  make,  absolutely 
tight  and  capable  of  being  loaded  to  about  lo  lbs.  alx)ve  the  maxi- 
mum receiver  pressure.  The  auxiliaries,  of  course,  must  be  capable 
of  operating  against  the  pressure  corresponding  to  the  highest  re- 
ceiver pressure. 

It  is  advisable  in  all  low  pressure  turbine  work  that  particular 
care  be  taken  to  remove  all  moisture  and  foreign  matter  from  the 

steam  before  it  enters  the  tur- 
bine. Wet  steam  will  do  no 
harm  of  itself,  but  has  a  bad 
effect  on  the  economy  of  the 
turbine  since  its  presence  acts 
as  a  brake.  The  oil  present 
in  the  exhaust  from  the  re- 
ciprocating engines  has  been 
found  in  several  instances 
choking  the  steam  passages 
through  the  blades.  Pure, 
clean  oil  of  itself  would  pass 
through  a  turbine  without  ac- 
cumulating, but  in  cases 
where  the  boilers  sometimes 
foam,  discharging  sulphates, 
carbonates  or  other  solid  mat- 
ter with  the  steam,  tiiis  mixes  with  the  oil  to  form  a  gummy  deposit 
on  the  blades  which  is  exceedingly  difficult  to  remove. 

Any  of  the  turbines  mentioned  above,  whether  efiuii)i)cd  with  a 
governor  regulating  the  admission  of  steam  or  not.  should  be  pro- 
vided with  a  spee<l-limiting  governor  or  automatic  throttle,  which 
will  prevent  the  machine  from  miming  away  should  other  means  i^\ 
ct)ntrol  fail.  In  speaking  of  turbines  operating  without  a  governor, 
tiie  reference  is,  therefore,  to  a  device  for  regulating  the  maciiinc 
within  close  limits  of  speed,  and  while  for  reasons  which  will  be 
shown  hereafter,  the  most  economical  performance  of  the  turbine 
will  generally  not  be  obtained  when  it  is  under  such  control,  it  may 
be  desirable  to  equip  the  turbine  with  such  a  governor  so  that  it 
could  be  operated  as  an  independent  unit  in  the  case  of  a  failure  of 


KIG.  2 — CONST.XXT  PRKSSURE  VALVE 


322  THE  ELECTRIC  JOURNAL 

the  reciprocating  apparatus.  When  operating  normally,  however, 
the  governor  may  be  adjusted  by  means  of  a  speed-changing  screw 
so  that  the  governor  valve  will  remain  wide  open  at  all  times,  and 
thus  all  the  exhaust  steam  will  be  used  by  the  turbine  and  none 
wasted  to  the  atmosphere.  In  this  event,  the  governor  would,  of 
course,  control  the  turbine  should  the  speed  rise  materially  above 
the  normal.  A  governor  might  also  be  provided,  controlling  the 
admission  of  live  steam  alone,  thus  saving  the  expense  of  a  low 
pressure  valve  and  permitting  proper  operation  of  the  turl)ine  with 
live  steam  when  there  was  no  low  pressure  steam  available,  a  condi- 
tion which  might  arise  due  to  accident  to  the  machine  from  which 
the  exhaust  was  passing  to  the  turbine. 

It  will  be  understood  that  in  any  of  the  foregoing  cases  the 
application  may  be  made  with  direct  as  well  as  alternating-current 
generators,  the  only  difference  being  that  with  direct-current  genera- 
tors the  speed  will  rise  slightly  as  the  proportion  of  load  taken  1)\' 
the  low  pressure  turbine  rises,  of  as  the  Cjuantity  of  exhaust  steam 
increases,  this  rise  in  speed  being  in  accordance  with  the  voltage 
characteristics  of  the  generator.  For  the  same  reason  it  is  possible 
to  vary  the  speed  of  the  turbine  slightly  by  manual  adjustment  of 
the  field  rheostat.  Obviously  when  the  turbine  generator  is  an  alter- 
nator and  operates  in  multiple  with  others  driven  by  reciprocating 
engines,  the  starting  of  the  unit  is  extremely  simple.  The  process  of 
synchronizing  need  not  be  resorted  to,  as  it  is  customary,  before 
starting  the  reciprocator  and  turbine,  to  establish  the  field  charge. 
Therefore,  when  the  reciprocator  is  started,  the  low  pressure  turbine 
will  come  up  to  speed  in  synchronism. 

Another  consideration,  that  should  be  borne  in  mind  is  that  low 
pressure  turbines  may  be  installed  in  conjunction  with  engines  previ- 
ously operated  condensing,  as  well  as  those  performing  non-condens- 
ing service.  The  gain  will,  of  course,  be  somewhat  less,  but  roughly 
speaking,  the  use  of  thirty  percent  more  steam  than  was  required  by 
the  reciprocators  operating  condensing,  will  produce  75  percent  more 
power  when  these  are  converted  to  non-condensing  operation  and 
their  exhaust  passed  through  a  low  pressure  turbine  of  proper  pro- 
portions.  Condensing  engines  so  converted,  do  not  necessarily 
suffer  reduction  of  capacity  because  of  the  back  pressure  to  which 
they  are  subjected.  On  the  contrary,  the  capacity  of  such  an  engine 
may  be  increased  if  it  is  a  high  expansion  ratio  engine,  pro- 
viding the  generator  will  stand  being  increased  in  rating  and  pro- 
viding the  high  pressure  cylinder  of  the  engine  has  enough  vol- 
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iimc  ti)  pass  the  rc([uirc(l  ammmi  oi'  -.aain  uithoui  taking  steam  for 
tlie  entire  length  of  its  stroke.  In  many  cases  it  is  well  worth  while 
ti>  nuike  provision  for  this  increased  capacity  by  such  niO(lilicati(jns 
of  the  generator  as  increased  air  circulation,  etc.  The  reas:)n  for  this 
increase  in  capacity  is  that  in  laying  out  the  altered  indicator  card  of 
the  engine  for  a  higher  back  prcssui  cut-ofT  in  the  high  pres- 

sure cylinder  will  have  to  be  moved  along  to  a  point  late  en;)Ugh  so 
that  expansion  in  the  low  pressure  cx'linder  will  not  result  in  lotping 
or.  in  other  words,  to  a  linal  pressure  at  (he  opening  of  the  low  pres- 
>ure  cylinder  exhaust  valve,  lower  than  that  of  the  line  to  the  tur- 
bine. Under  these  conditions  it  will  be  found  that  the  top  porti  >n 
of  the  card  will  be  increast*!  in  .r-'- ■  >  '■  '''tened,  adding  luore  area 

to  the  total  than  is  taken 

from  the  lower  i)ortion 
by  rai.'iing  the  back 
pressure  to  that  of  the 
atmosphere  or  there- 
abouts. There  will  some- 
times be  found  com- 
])ound  engines  operating 
condensing  in  which  re- 
lease in  the  low  pressure 
cylinder  takes  place  at  a 
relatively  high  pressure, 
possibly  close  to  atmos- 
pheric. If  a  low  press- 
ure turbine  were  a])plied 
in  this  case  with  a  view 
oi  oI)laining  increased  overall  elYiciency.  the  engine  capacity.  instea<l 
of  being  increased,  will  be  decreased,  since  the  possibility  of  adding 
■■ir<n  to  the  U[)per  part  of  the  card  docs  not  exist. 

Having  shown  the  classes  into  which  low  pressure  turbine  in- 
stallations naturally  divide,  and  the  general  considerations  which 
affect  all  such  installations,  the  remaining  pages  will  be  devote<l  to  a 
more  detailed  di.scussion  of  the  application  of  such  machines  in  the 
various  classes  indicated.  It  will  be  well  to  recall  that  the  primary 
function  of  a  low  pressure  turbine  installation  is  to  produce  the 
maximum  obtainable  amount  of  power  per  unit  of  <le;im  genci 
in  the  lioilers.  and  that,  therefore,  every  care  should  be  taken 

all  sicam  so  gcner.it e<l  will  be  \\^{:i\  in  tb<'  '     '"■   ' ' 

sible. 


f 


'J^ 


SrpBntinff 


►'f^-  3 — i>ia(;r.\.m  ok  k.nm.nk  .\.\i)  low  I'Kkssiki: 

TURBINE  CONNKCTKD  ACCORDING  TO  C.\SE  "a" 


324  THE  ELECTRIC  JOURNAL 

CASE  A 

This  is  the  simplest  form  of  low  pressure  turbine  installation, 
and  is  shown  diagramatically  in  Fig.  3.  From  the  diagram  it  will  be 
seen  that  the  turbine  and  reciprocating  engine  are  tied  together  elec- 
trically and  that  no  governor  is  indicated  on  the  turbine.  If  the 
turbine  drives  an  alternating-current  generator,  it  will  take  its  share 
of  the  load  in  proportion  to  the  steam  available.  As  it  tends  to  forge 
ahead  of  the  reciprocating  engine  generator,  it  will  take  more  of  the 
load,  thus  removing  load  from  the  reciprocator  and  reducing  the 
supply  of  exhaust  steam.  The  self-regulation  is,  therefore,  perfect, 
the  governor  on  the  reciprocating  engine  controlling  the  amount  of 
steam  to  the  complete  system.  In  case  the  turbine  and  reciprocator 
drive  direct-current  generators,  as  the  turbine  tends  to  take  more 
load,  the  speed  increases  slightly,  and  with  that  the  voltage  and  the 
system  is  again  self-regulated. 

There  is  a  great  inherent  advantage  in  this  application  of  a  low 
pressure  turbine  which  is  directly  due  to  the  variable  pressure  exist- 
ing in  the  receiver  or  pipe  line  between  the  engine  and  turbine.  The 
absolute  inlet  pressure  of  a  turbine  varies  directly  with  the  amount 
of  steam  passing  through  it.  Reciprocating  engines  designed  for 
either  condensing  or  non-condensing  operation  generally  have  such  a 
valve  setting  as  will  normally  provide  a  considerable  pressure  at 
the  point  of  release  of  the  low  pressure  cylinder  so  that  when  the 
load  on  the  engine  is  light,  the  indicator  card  will  not  loop.  Such  an 
engine,  therefore,  when  carrying  full  load  does  not  completely  ex- 
pand the  steam  within  the  cylinder,  and  this  is  a  serious  source  of 
loss  in  engines  designed  for  operation  on  variable  load.  In  this  case 
when  the  low  pressure  turbine  is  applied,  there  is  no  necessity  for 
this  provision  of  pressure  at  the  point  of  release.  The  valve  setting 
may  be  made  such  that  with  normal  load,  expansion  within  the  cylin- 
der will  carry  the  steam  to  approximately  atmospheric  pressure,  or 
perhaps  a  half  pound  above  this,  in  order  to  pass  the  steam  readily 
through  the  ports.  The  low  pressure  turbine  blading  proportions 
will  then  be  made  such  that  the  inlet  pressure  will  be  equal  to  atmos- 
phere when  passing  the  quantity  of  saturated  steam  exhausted  by 
the  engine  when  operating  at  normal  load.  If,  now,  the  quantity  of 
steam  taken  by  the  reciprocating  engine  is  reduced  say  to  one-half, 
the  absolute  inlet  pressure  of  the  turbine  will  similarly  be  one-half. 
The  high  pressure  cylinder  of  the  reciprocator  will  have  its  cutoff 
reduced  approximately  one-half  and  the  expansion  of  steam  within 
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the  low  pressure  cvliiidcr  will  coiUitiuc  to  a  point  corrcspcjiiding  ap- 
proximately to  the  turbine  inlet  pressure.  There  will  he  no  looping 
of  the  card  and  the  expansion  of  the  steam  through  the  cycle  will 
be  effected  in  an  ideal  manner. 

The  proportion  of  load  carried  l)y  the  engine  and  the  turbine 
varies  with  the  quantity  of  steam.  The  greater  the  total  load  the 
greater  the  proportion  taken  by  the  turbine,  due  of  course,  to  the 
\ariable  receiver  pressure.  The  higher  this  becomes  the  greater  is 
the  heat  range  through  which  the  turbine  works.  In  turbine  appli- 
cations oi  this  kind,  as  in  several  of  those  that  follow,  asynchronous 
or  induction  tyi)e  generators  may  be  employed.  These  have  the  ad- 
vantage of  requiring  no  field  adjustment. 

CASE    B 

This  case  is  similar  to  Case  A,  except  that  the  larger  the  number 
of  units  involved,  the  greater  is  the  number  of  combinations  pos- 
sible. A  plant  of  this  type  is  shown  in  Fig.  i.  The  de- 
sirable arrangement  in  installing  a  number  of  low  pressure 
turbines  is  to  equip  each  with  its  own  condenser.  This  con- 
duces to  flexibility  of  the  plant  over  that  obtainable  where  one  large 
condenser  is  installed  to  serve  all  the  turbines,  as  it  materially  re- 
duces the  probability  of  a  shut-down  due  to  condenser  failure.  In 
plants  of  any  considerable  size,  the  desirable  method  of  applying  low 
pressure  turbines  is  to  install  one  for  each  engine,  the  plant  becom- 
ing a  multiple  of  Case  A  and  each  engine-turbine  unit  being  compar- 
able to  a  simple  engine  which  has  been  compounded  by  the  addition 
of  a  low  pressure  cylinder,  the  only  ditYerence  being  that  the  two 
iMjrtions  are  tied  electrically  instead  of  mechanically.  The  regulation 
of  the  system  is  exactly  the  same  as  that  of  Case  A,  e.xcept  that  the 
capacity  of  the  low  pressure  turbine  may  be  too  small  to  handle  the 
amount  of  steam  exhausted  from  the  number  of  engines  that  are  in 
operation.  Part  of  the  exhaust  steam  would,  therefore.  esca|ie  to 
the  atmosphere  and  be  wasted.  .\  low  pressure  turbine  is  generally 
designed  so  that  the  maximum  loa<l  on  the  generator  will  be  reache«l 
when  the  inlet  |)ressure  on  the  turbine  is  about  Jo  or  21  lbs.  per  sq. 
in.  absolute,  and  it  is,  therefore,  customary  to  set  the  relief  valve  on 
the  low  pressure  i)ipe  line  to  open  at  about  this  pressure.  The  same 
consideration  affects  the  variable  b.uK  pressure  on  the  engines  in  this 
case  as  in  Case  A. 

In  installations  of  these  two  classes  care  should  be  exercisc<l 
that  no  air  may  leak  into  the  system  when  the  receiver  pressure  is 
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below  that  of  the  atmosphere,  since  such  air  will  seriously  affect  the 
performance  of  the  condenser,  the  vacuum  will  be  reduced,  and  the 
full  possibility  of  gain  from  the  use  of  the  turbines  will  not  be 
realized.  Obviously,  the  greater  the  number  of  engines  and  the 
longer  or  larger  the  exhaust  pipe  system,  the  greater  attention  must 
be  paid  to  this  point.  It  is  frequently  necessary  to  provide  special 
double  packing  rings  on  the  rods  of  all  the  engines,  such  packing 
being  so  arranged  that  steam  at  a  pressure  slightly  greater  than  the 
atmosphere  is  admitted  between  the  two  rings  and  any  leak  into 
steam  spaces  will,  therefore,  be  of  steam  rather  than  of  air. 

In  some  Case  A  and  B  plants  there  are  found  additional  recip- 
rocating engines  and  other  steam  using  machines  carrying  loads 
having  nO'  possible  relation  to  the  electrical  load,  such  as  air  com- 
pressors and  pumps.  The  steam  from  such  sources  is,  however, 
generally  'insufficient  to  drive  the  turbine  except  during  some  ab- 
normal condition  of  infrequent  occurrence,  such  as  a  small  electrical 
load  occurring  at  the  same  time  with  a  high  pump  and  compressor 
load.  Where  this  factor  is  involved,  it  would  be  advisable  to  equip 
the  turbine  with  a  governor,  setting  the  speed  adjusting  screw  so 
that  the  turbine  would  regulate  at  about  six  percent  above  normal 
speed.  Operation  tmder  normal  conditions,  therefore,  would  take 
place  as  if  no  governor  were  applied,  but  as  soon  as  the  over-supply 
of  steam  occurred,  the  governor  w^ould  exercise  control  over  the  tur- 
bine. In  making  this  provision,  it  would,  of  course,  be  necessary  to 
keep  the  live  steam  valve  to  the  turbine  closed,  except  when  it  was 
desired  to  operate  on  steam  direct  from  the  boilers. 

In  the  operation  of  such  a  plant,  provision  should  be  made  for 
turning  over  each  additional  engine  which  is  put  on  to  load  for  a 
few  revolutions,  exhausting  to  the  atmosphere,  in  order  to  com- 
pletely expel  from  it  the  air  which  has  collected  in  the  cylinders  and 
receiver  while  it  was  at  rest.  Otherwise  this  air  discharged  into  the 
exhaust  system  and  passing  to  the  condenser  is  very  apt  to  cause  a 
loss  of  vacuum,  and  consequently  to  interfere  with  the  operation  of 
the  entire  station. 

CASE  c 

In  two  classes  of  installation  just  discussed  the  generators  of 
the  low  pressure  turbines  and  reciprocating  engines  were  all  of  the 
same  electrical  characteristics.  In  Case  C,  the  generators  driven  by 
the  reciprocating  apparatus  may  be  either  direct  or  alternating  cur- 
rent and  the  generators  driven  by  the  low  pressure  turbine  dilTerent 
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from  all  or  some  of  them.  i\n  electrical  railway  jjowei  ii'aisc  is 
often  of  this  type,  the  direct-current  machines  supply in<j  the  local 
feeders  and  the  alternating  current  derived  from  existing  engines  or 
to  be  derived  from  the  turbine  distributing  to  distant  substations.  If 
the  low  pressure  turbine  in  this  plant  were  equipped  with  a  governor 
arranged  to  meet  onl\-  the  demands  for  alternating  current,  steam 
would  be  wasted  when  the  load  became  light  and  the  installation 
would  be  unsatisfactory  for  that  reason.  There  is  a  further  objec- 
tion that  to  meet  the  demands  of  certain  alternating-current  loads 
occurring  at  times  when  the  direct-current  load  was  light,  it  might 
be  necessary  to  install   some  high  pressure  alternating-current  ap- 
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paratus  or  to  furnish  the  low  pressure  turbine  with  live  ste.im  which 
would  again  be  uneconomical  operation.  A  ct)n\t«nieiu  and  satis- 
factory solution  is  aft'orded  by  tying  the  alternating  and  direct- 
current  systems  together  by  means  of  a  rotary  converter  or  motor- 
generator  .set,  as  shown  diagrammatically  in  I'ig.  4.  This  will  insure 
the  use  of  all  the  steam  in  the  most  ec<^nomical  maimer  possible.  Any 
lack  of  balance  between  the  electrical  loads  will  be  taken  care  of  by 
the  converter,  the  load  on  the  turbine  and  engines  being  divided  for 
best  economy  irrespective  of  the  division  in  the  t«>tal  <nitput  of  the 
station.  Such  a  plant  might  possibly  be  undesirable  where  lighting: 
service  is  involved,  due  to  the  voltage  variation  in  swtngini: 
from  full  l»»ad  alternating-direct  current  operati«Mi  to  full  l«»a(i  direct- 
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alternating  current  operation,  amounting  probably  to  ten  percent.  In 
the  majority  of  cases,  however,  the  direct-current  engine  load  will 
predominate  over  the  alternating-current  demand,  and  the  demand  on 
the  converter  will  be  uni-directional,  in  which  event  lighting  could  be 
satisfactorily  served.  Even  in  the  previously  mentioned  case,  the 
use  of  separate  excitation  in  conjunction  with  a  Tirril  regulator  for 
the  motor-generator  set  will  remedy  the  difficulty  of  voltage  varia- 
tion. 

Another  method  of  solving  the  same  general  problem  is  to  con- 
nect with  the  reciprocating  engines,  directly  or  by  belt,  a  synchron- 
ous generator  in  multiple  with  that  driven  by  the  low  pressure  tur- 
bine. This  synchronous  motor  must  have  sufficient  capacity  for  the 
maximum  unbalancing  of  the  direct  and  alternating-current  loads. 
By  making  use  of  this  expedient  the  reciprocator  automatically  takes 
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FIG.   5 — TURBINE  RECEIVING  EXHAUST  STEAM   FROM    MIS- 
CELLANEOUS  SOURCES,  ACCORDING  TO  CASE  "d" 

sufficient  steam  for  the  needs  of  the  whole  system  with  maximum 
economy  and  quite  ideal  regulation,  at  the  same  time  satisfying  the 
primary  requirement  that  under  no  condition  of  operation  shall 
steam  escape  to  atmosphere. 

CASE  D 

Many  plants  contain  a  large  number  of  engines,  pumps  or  other 
steam-using  prime  movers  which  do  not  drive  electrical  apparatus. 
The  exhaust  from  these  may  be  collected  and  brought  to  a  common 
point  at  which  it  is  used  in  a  low  pressure  turbine  controlled  by  a 
governor,  as  shown  diagrammatically  in  Fig.  5.  In  such  installations 
when  the  demand  of  the  turbine  for  steam  is  greater  than  the  amount 
supplied  by  the  variousi  sources,  the  pressure  in  the  piping  system 
will  fall  until  it  becomes  less  than  that  of  the  atmosphere,  and  under 
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this  condition  the  inleakage  of  air  is  practically  unavoidable.  It  is, 
therefore,  essential  to  place  a  constant  pressure  valve  in  the  low 
pressure  steam  line  adjacent  to  the  turbine,  thus  insuring  the  main- 
tenance of  a  pressure  in  this  line  slightly  greater  than  that  of  the 
atmosphere,  even  at  such  times  as  the  available  amount  of  exhaust 
steam  is  not  sufficient  to  so  maintain  it  if  the  turbine  were  drawing 
from  this  line.  A  considerable  saving  can  generally  be  effected  by 
this  expedient  since  it  makes  unnecessary  a  large  investment  for  a 
heavy  pipe  line  to  prevent  such  leakage.  A  relief  valve  should 
also  be  fitted  to  the  line  so  that  any  steam  not  used  Ijy  the  turbine 
will  escape  to  the  atmosphere.  As  the  service  in  this  case  may  be 
such  that  the  sui)ply  of  exhaust  steam  is  not  always  sufficient  to 
carry  the  load  imposed  on  the  turbine,  an  auxiliary  vaKe,  under  the 


FIG.      6 — LOW      TRKSSIRE      TURBINE      DRIVING      A      DIRECT-CCRREXT      GENERATOR 

THROUGH    REDUCTION    GEARS 

.\n  example  of  Case  D 

control  of  the  turbine  governor,  should  be  provided  to  admit  live 
steam  to  the  turbine  when  necessary.  At  first  glance  the  use  of  live 
steiim  in  a  turbine  designed  for  low  pressure  work  would  appear  tQ 
be  poor  engineering,  but  in  general  this  is  not  the  case.  The  fact  that 
the  supply  of  low  pressure  steam  is  insufficient  generally  indicates 
that  sonic  of  the  reciprocating  apparatus  has  been  relieved  of  its 
load,  and  since  the  boiler  i)lant  is  i)roducing  steam  at  a  rate  sufficient 
to  carry  the  former  load  on  the  reciprocators,  the  safety  valves  will 
soon  blow  unless  steam  is  used  in  some  way  or  other.  Its  admission 
to  the  turbine  will  prevent  this  condition  from  arising,  unless  the 
turbine  load  also  is  considerably  reduced.  It  is,  therefore,  (|uitc  fre- 
quent practice  to  pipe  the  safety  valves  on  the  Ixiilcrs  into  the  low 
pressure  system  between  the  engines  and  the  turbine.  Fig.  6  shows 
a  plant  of  this  type. 
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Conditions  such  as  these  are  most  frequently  found  in  rolling 
mills  or  hoisting  sheds  where  the  reciprocators  are  in  intermittent: 
service.  If,  however,  there  is  a  larger  proportion  of  the  time  when 
it  is  desired  to  operate  such  a  turbine  on  high  pressure  steam,  the 
correct  solution  is  that  of  Case  H. 

CASE  E 

There  are  numerous  plants  where  the  engine  and  turbine  loads 
are  independent  or  cannot  be  yoked  together.  Thus  the  load  on  the 
turbines  may  be  very  much  lighter  than  that  on  the  reciprocating 

engine,  and  if  the  in- 
stallation were  made  as 
in  Case  D,  the  excess 
of  steam  from  the  re- 
ciprocating engines 
would  escape  to  the  at- 
mosphere and  be  wast- 
ed. Case  E,  therefore, 
makes  provision  for 
operating  a  reciprocat- 
ing engine  partially 
condensing  under  such 
conditions.  The  tur- 
bine governor  controls 
a  valve  which,  instead 
of  admitting  steam  to 
the  turbine,  allows  the 
exhaust  from  the  recip- 
rocator  to  pass  to  the 
condenser.  If  there  is 
no  load  at  all  on  the 
turbine,  this  valve 
would  stay  wide  open  and  the  engine  would  operate  with 
substantially  full  vacuum.  As  the  turbine  load  increases,  the  gover- 
nor tends  to  close  this  valve,  making  a  sufficient  difference  between 
the  inlet  and  exhaust  pressures  of  the  turbine  so  that  the  desired 
load  may  be  carried.  Finally  the  governor  valve  may  be  entirely 
closed,  thus  forcing  all  the  steam  from  the  reciprocator  to  pass 
through  the  turbine.  Obviously  the  advantage  of  an  arrangement 
such  as  shown  in  Fig.  7  is  that  whenever  the  load  on  the  turbine 
falls  below  normal,  the  reciprocating  engine  will  obtain  the  benefit 
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of  some  vacuum.  The  turbine  inlet  is,  of  course,  provided  with  a 
butterfly  valve  connected  to  the  governor  so  that  the  turbine  will  be 
prevented  from  running  away  if  the  load  be  entirely  removed,  or  if 
for  some  external  cause  the  reciprocators  pass  an  inordinate  amount 
of  steam  which  could  not  get  through  the  by-pass  without  a  material 
rise  of  pressure  in  the  exhaust  steam  line.  In  some  cases  the  in- 
stallation described  might  be  better  arranged  by  treating  it  as  Case 
C,  using  a  synchronous  generator  tie. 

CASE   F 

This,  as  indicated  in  Fig.  8,  is  a  modification  of  Case  C  and  has 
found  a  wide  application  among  the  cotton  mills  of  New  England. 


FlC.  8 — DIAC.RAM    ILLUSTRATING  CASK  "f" 

It  is  again  a  case  where  the  low  pressure  turbine  and  reciprocating 
engine  loads  are  entirely  different,  but  a  tie  may  be  established  be- 
tween them  and  in  this  way  all  the  exhaust  steam  used.  As  in  Case 
A  the  turbine  normally  operates  without  a  governor,  although  gener- 
ally one  would  be  fitted  to  provide  for  operation  should  the  recipro- 
cating engine  go  out  of  service.  An  ideal  case  of  such  an  installa- 
tion is  found  where  the  reciprocating  engine  is  driving  a  mill  through 
line  shafting  and  it  is  desired  to  enlarge  the  mill,  using  motor  drive 
for  individual  machines,  or  to  increase  the  power  plant  capacity  for 
any  purpose.    The  low  pressure  turbine  is  installed  and  electrically 
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connected  to  a  synchronous  motor  belted,  or  otherwise  connected, 
to  the  mill  shafting.  This  synchronous  motor  will  either  take 
energy  from,  or  give  energy  to  the  mill  shafting  in  accordance  with 
the  varying  demands  of  the  power  and  electrical  systems.  Should 
the  mill  load  increase,  the  governor  on  the  reciprocating  engine  will 
admit  more  steam,  which  will  pass  through  to  the  turbine.  The 
excess  power  from  the  turbine  is  delivered  to  the  mill  shafting 
through  the  synchronous  motor.  An  increase  of  the  motor  load 
driven  by  the  low  pressure  turbine  means  that  it  will  tend  to  slow 
down  and  energy  will  be  taken  from  the  mill  shafting  by  the  syn- 
chronous   machine   whereupon    the    reciprocating   engine   governor 


FIG.    9 — 750    KW      CASE   F      INSTALLATION    EQUIPPED    WITH    GOVERNOR 

will  admit  more  steam  to  the  engine.  If  all  the  energy  from  the 
low  pressure  turbine  is  to  be  employed  in  driving  the  mill  and  the 
purchaser  does  not  desire  to  operate  motors  or  lighting  circuits,  the 
turbine  may  be  connected  to  the  mill  shaft  directly  through  gears 
and  all  the  advantages  of  the  Case  A  installation  may  be  realized, 
the  connection  being  mechanical  instead  of  electrical. 

CASE  G 

Where  the  supply  of  the  exhaust  steam  is  obtained  from  rolling 
mill  or  hoisting  engines  and  is,  therefore,  quite  variable,  there  may 
often  arise  a  condition  where  there  is  a  complete  cessation  of  the 
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flow  of  exhaust  steam.  'J'o  continue  tlie  operation  of  the  turbine,  it 
will,  therefore,  be  necessary  to  supply  live  steam  or  else  employ  a 
heat  storage  means,  such  as  a  regenerator,  of  sufficient  capacity  to 
bridge  over  the  period  when  no  exhaust  is  being  furnished  by  the 
engines.  This  case,  as  illustrated  in  Fig  lo,  will  be  recognized  as 
an  elaboration  of  Case  D,  differing  only  in  that  means  are  provided 
for  storing  heat  when  an  excessive  exhaust  steam  supply  is  available 
and  giving  up  this  stored  heat  when  there  is  an  insufficient  supply. 
The  regenerator  consists  generally  of  a  large  vessel  partially  filled 
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with  water  through  which  the  exhaust  steam  passes  on  going  from 
the  reciprocating  engine,  the  water  being  thus  maintained  at  the  tem- 
perature of  the  steam.  It  is  usual  to  design  a  regenerator  to  operate 
between  the  limits  of  atmospheric  pressure  and  5  or  10  lbs.  gauge, 
the  lower  limit  being  selected  in  order  to  avoid  the  p<3ssibility  of 
inleakage  of  air.  'Jo  indicate  the  action  of  a  regenerator,  the  fol- 
lowing actual  case  may  be  cited : 

Assuming  that  the  pressure  limits  ft>r  its  operation  are  14.7  lbs. 
and  25  lbs.  absolute,  i.  c..  atmospheric  pressure  and  10  lbs.  gauge, 
the  corresponding  temperatures  will  be  212  and  240  degrees  F.    As- 
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sume  that  the  water  in  the  regenerator  is  at  212  degrees  and  the 
steam  at  a  corresponding  pressure,  and  that  the  steam  delivered  by 
the  reciprocating  engine  is  exactly  ecjual  to  the  demand  of  the  low 
pressure  turbine.  So  long  as  this  condition  exists,  the  steam  flows 
through  the  water  in  the  regenerator  and  no  heat  is  taken  up  or 
given  out.  Now,  assume  the  load  on  the  reciprocator,  and  conse- 
quently the  amount  of  steam  it  discharges,  to  increase  while  the 
demand  of  the  turbine  for  steam  remains  constant.  Then  the  pres- 
sure within  the  regenerator  and  accordingly  the  temperature  of  the 
steam,  will  begin  to  rise,  resulting  in  an  increase  in  the  temperature 
of  the  water  if  provision  is  made  for  intimately  mixing  the  steam 
with  it.  As  the  pressure  increases,  the  steam  comes  in  at  a  temper- 
ature higher  than  the  water  and  is  so  in  part  condensed,  which  as- 
sists in  maintaining  the  temperature  of  the  water  corresponding  to 
that  of  the  steam.  This  process  may  continue  until  the  pressure 
within  the  regenerator  reaches  25  lbs.,  at  which  point  the  relief  valve 
has  been  set.  Under  these  conditions,  each  pound  of  water  within 
the  regenerator  will  have  absorbed  28.3  heat  units.  Now  suppose 
the  flow  of  exhaust  steam  from  the  reciprocating  engine  to  abso- 
lutely cease,  in  which  event  the  pressure  within  the  regenerator  be- 
gins to  fall  because  the  turbine  continues  to  draw  steam  from  it. 
When  this  pressure  has  reached  14.7  lbs.,  the  water  in  the  regenera- 
tor will  have  evaporated  until  its  temperature  corresponds  to  that  of 
steam  at  this  pressure,  i.  e.,  212  degrees  and  each  pound  of  water  in 
the  regenerator  will  have  given  out  28.3  heat  units,  the  ef|uivalent  of 
the  amount  of  absorbed  while  the  pressure  was  rising.  The  mean 
latent  heat  of  evaporation  through  this  range  being  961  units,  each 
pound  of  water  so  reduced  in  temperature  will  liberate  0.0294  lbs.  of 
steam.  Obviously,  in  installing  a  regenerator,  the  important  point 
to  determine  is  the  length  of  time  the  regenerator  will  be  expected  to 
carry  full  load  on  the  turbine  without  any  supply  of  steam  from  the 
engines.  From  the  above  figures  it  will  be  seen  that  if  this  is  long, 
the  quantity  of  water  within  the  regenerator  must  be  very  great. 
Then  again  the  pressure  limits  assumed  in  the  above  example  were 
quite  wide.  In  a  good  many  installations  it  would  not  be  possible  to 
impose  10  lbs.  back  pressure  on  the  reciprocating  engines.  Refer- 
ence to  this  matter  is  made  because  generally  the  disposition  of  a 
prospective  installer  of  a  regenerator  is  to  make  the  time  element 
much  greater  than  is  necessary.  Some  early  installations  of  regen- 
erators provide  for  six  to  seven  minutes  of  operation  without  a  sup- 
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ply  of  exhaust  steam,  whereas  six  or  seven  seconds  wouhl  have  been 
better.  For  instance,  in  steel  mill  practice,  if  the  exhaust  from  a 
blooming  mill  engine  is  to  be  considered,  the  time  element  should 
bear  reference  to  the  period  between  the  passes  of  an  ingot,  and  to 
the  maximum  time  from  the  last  pass  of  one  ingot  to  the  first  pass 
of  a  new  ingot,  and  the  regenerator  should  not  be  designed  to  cover 
such  delays  as  would  arise  due  to  the  clogging  of  the  mills  or  because 
a  new  ingot  might  not  be  ready  to  be  bloomed. 

As  was  indicated  in  Case  D,  there  is  another  source  of  exhaust 
steam  available  when  such  an  unforseen  interruption  arises.  The 
boiler  plant  is  being  tired  continually,  and  if  the  demand  for  steam  is 
interrupted  in  this  unusual  way,  the  safety  valve  will  blow.  The 
steam  escaping  in  this  way  should  be  led  direct  to  the  regenerator  so 
that  the  turbine  will  continue  to  carry  its  load  without  drawing  li\  c 
steam.  The  best  method  of  providing  for  this  is  a  cross-connection 
between  the  steam  and  exhaust  lines  of  the  engine  in  which  is 
placed  a  spring-loaded  valve  set  to  blow  at  a  few  pounds  lower  than 
the  safety  valve.  There  will  always  be  periods  of  more  or  less  dura- 
tion when  the  regenerator  cannot  furnish  enough  steam  for  the  tur- 
bine and  the  only  alternative  is  to  supply  live  steam.  This  has  been 
frequently  accomplished  by  admitting  steam  to  the  regenerator 
through  a  reducing  valve  so  set  that  when  the  pressure  within  the 
regenerator  reaches  the  lower  limit,  steam  will  be  admitted.  Such 
valves  are,  however,  generally  unsatisfactory  and  troublesome,  and 
it  is  better  practice  to  employ  for  this  purpose  the  secondary  or  live 
steam  valve  under  control  of  the  turbine  governor.  This  valve  may 
1)0  arranged  to  admit  steam  either  to  the  inlet  side  or  outlet  side  of 
the  regenerator.  If  admitted  to  the  inlet  side,  no  water  hanuncrs 
will  be  produceil,  a  condition  which  might  arise  with  admission  on 
the  outlet  side  if  the  regenerators  were  arranged  for  wide  pressure 
limits.  The  disadvantage  of  admission  on  the  inlet  side,  however, 
is  that  the  pressure  in  the  regenerator  cannot  be  raised  without  con- 
densing steam  therein,  thus  necessitating  supplying  a  large  amount 
of  live  steam  to  tide  over  temporary  heavy  loads  on  the  turbine.  In 
such  an  arrangement  it  is  conceivable  that  when  the  exhaust  steam 
again  flows  into  the  regenerator  the  latter  being  already  partially 
charged,  it  will  be  unable  to  absorb  all  of  the  supply  and  some  of  it 
will  j)ass  through  the  relief  valve  to  the  atmosjjherc,  thus  violating 
the  primary  consideration  for  which  the  regenerator  was  installe<l. 
If  live  steam  is  to  be  admitted,  therefore,  and  the  regenerator  is 
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arranged  to  work  within  wide  limits,  arrangement  should  be  made 
to  admit  it  between  the  turbine  and  regenerator.  It  may  prove  de- 
sirable to  install  a  check  valve  between  the  point  in  the  pipe  where 
the  live  steam  is  admitted  and  the  regenerator  so  that  if  the  regener- 
ator were  at  the  lower  pressure  limit  and  no  steam  was  being  ad- 
mitted to  it,  and  the  load  on  the  turbine  was  such  that  more  steam 
was  required,  the  pressure  in  the  regenerator  would  not  be  raised 
without  the  temperature  of  the  water  rising  correspondingly.  Ob- 
viously, if  the  pressure  in  the  regenerator  were  raised  by  admitting 
steam  in  the  reverse  direction,  that  is,  without  passage  through  the 
water,  from  the  secondary  valve  on  the  turbine,  then  when  steam 
comes  from  the  reciprocating  engines  in  the  usual  direction,  it  would 


FIG.    II — SECTIONAL  VIEW  OF   MIXED  PRESSURE  TURBINE 

be  at  a  temperature  higher  than  that  of  the  water  within  the  regen- 
erator and  might  cause  hammering,  the  violence  of  which  would 
correspond  to  the  temperature  difference. 

CASE    H 

Occasionally  the  conditions  in  a  plant  are  such  that  it  is  desir- 
able to  utilize  a  quantity  of  exhaust  steam  which  is  intermittently 
available,  but  there  are  also  long  periods  of  time  unrelated  to  this 
supply  over  which  the  output  of  the  turbine  is  desired  and  when  it 
would,  therefore,  be  preferable  to  arrange  to  operate  on  live  steam. 
Or  again  there  may  be  constantly  available  an  amount  of  exhaust 
steam  insufficient  to  carry  the  average  load  on  the  turbine.  The 
simple  low  pressure  turbine  does  not  have  a  high  efficiency  when 
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operating  with  live  steam,  and  in  this  case,  therefore,  a  special  type 
of  machine  is  employed.  This  is  commonly  called  the  mixed  pres- 
sure turbine ;  but  as  used  here,  this  expression  refers  specifically  to 
a  turbine  having  a  separate  high  and  low  pressure  element  in  ont 
cylinder.  All  such  turbines  of  course,  are  fitted  with  governors  and 
special  valves  arranged  to  supply  high  pressure  steam  to  appropriate 
nozzles  when  the  sup])ly  of  exhaust  steam  is  insufficient  or  fails  en- 
tirely. The  steam  is  then  expanded  in  the  high  pressure  nozzles  and 
its  expansive  energy  absorbed  down  to  the  pressure  at  the  inlet  to 
the  low  pressure  elements.  Such  a  turbine  is  obviously  the  same  as 
any  other  low  pressure  turbine  fitted  with  a  governor  and  live  steam 
valve,  except  that  the  live  steam  passes  through  the  high  pressure 
clement  before  entering  the  low  pressure  section.  A  large  number 
of  applications  of  such  a  mixed  pressure  turbine  may  very  conve- 
niently be  made  where  the  exhaust  steam  available  comes  from 
pumps  or  other  apparatus  of  that  kind,  but  it  is  generally  not  suited 
for  work  in  large  sizes,  the  most  economical  solution  of  the  problem 
being  aft'orded  by  the  use  of  a  small  low  pressure  turbine  and  an- 
other complete  expansion  machine  to  give  the  necessary  capacity. 
Again  a  solution  of  the  problem  may  be  found  in  Case  C  or  F.  It 
should  be  remembered  that  the  high  pressure  element  revolving  with- 
out doing  work  when  the  turbine  is  running  on  exhaust  steam,  is  a 
source  of  loss  amounting  to  at  least  two  percent :  and  further  than 
this,  it  adds  a  complication  to  what  has  been  previously  pointed  out 
as  an  inherently  simple  machine.  In  cases  where  they  are  desirable, 
the  construction  consists  of  an  impmlse  element  in  which  the  energy 
of  expansion  to  approximately  atmospheric  pressure  is  abst^rbcd. 
the  remainder  of  the  energy  being  taken  out  through  reaction  low 
pressure  elements.  A  sectional  view  of  such  a  machine  is  shown  in 
F'ig.  II.  The  control  valves  are  so  arranged  that  no  high  jiressure 
steam  is  admitted  until  the  low  pressure  valve  is  fully  open.  <>r  in 
other  words,  until  the  turbine  is  unable  to  carry  its  load  with  the 
available  supply  of  exhaust  steam.  There  may  occasionally  arise  a 
cASii  where  a  mixed  pressure  turbine  could  be  used,  as  in  Case  G,  in 
which  event  the  check  valve  indicated  as  desirable  should  nof  be 
omitted. 
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*This  article  is  based  on  the  first  of  a  series  of  lectures  on 
"Works  Manageinent/'  delivered  at  The  Westinghouse  Club. 
In  selecting-  the  lecturers  the  main  object  was  to  secure  men 
who  are  authorities  on  the  subjects  under  discussion.  The  lec- 
tures were  prepared  with  the  primary  intention  of  explaining 
the  general  subject  of  works  management  in  plain  language  to 
a  large  group  of  comparatively  young  men.  They  are  presented 
to  Journal  readers  in  the  belief  that  they  will  prove  of  general  in- 
terest and  value. —  (Ed.) 

IT  is  assumed  that  a  nitinber  of  men,  either  capitahsts  themselves 
or  controlHng  capital,  have  met  together  and  decided  to  form 
an  organization  for  the  manufacture  and  sale  of  electrical  ap- 
paratus, believing  of  course  that  in  so  doing,  profit  may  be  made. 
The  only  reason  any  business  concern  has  for  its  existence  is  to 
make  profit  for  its  .stock-holders;  and,  the  greater  the  risk,  the 
greater  should  be  the  ultimate  returns,  if  the  venture  prove  suc- 
cessful. For  any  manufacturing  concern  to  be  successful,  certain 
fundamental  conditions  must  be  met,  principal  among  which  may 
be  mentioned  the   following: 

I — There  must  be  a  market  for  the  sale  of  the  goods  which  it 
is  proposed  to  manufacture. 

2 — There  must  be  a  market  in  which  to  purchase  the  neces- 
sary raw  materials  and  supplies, 

3 — There  must  be  suitable  transportation  facilities  for  the  raw 

materials  and  supplies,   as   well  as   for  the  completed  apparatus ; 

,.these  two,  though  usually  the  same,  are  occasionally  quite  different. 

4 — There  must  be  labor  available  with  which  to  manufacture. 

5 — There  must  be  capital  with  which  to  purchase  labor,  ma- 
terials and  supplies. 

All  these  points  require  the  most  careful  consideration ;  in  ad- 
dition, climate  is  sometimes  a  most  important  factor.  The  ten- 
dency has  been  for  a  manufacturing  plant  to  locate  near  the  source 
of  raw  materials ;  for  example,  iron  and  steel  mills  near  the  coal 
or  iron  supply;  flour  mills  adjacent  to  the  wheat  fields;  cotton  mills 


*This  lecture  was  taken  in  part  from    an    article    by    the    author    in 
the  Sibley  Journal  of  Engineering,  February,   IQ12. 
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in  the  midst  of  cotton  fields,  especially  since  an  artificially  moist 
atmosphere  can  now  be  created  in  the  mills;  fish  canning  industries 
on  the  river  banks  or  ocean  shores.  However,  with  cheaper  and 
cheaper  transportation  and  electric  power  costs,  this  tendency  to 
seek  the  raw  material  field  is  not  quite  so  important  and  other  con- 
siderations may  outweigh  it,  such  as  the  vicinity  either  of  the  labor 
market  or  of  the  market  for  the  disposal  of  the  finished  product. 
Take  Pittsburgh  and  the  steel  industry — though  the  best  location 
up  to  the  present,  the  indications  are  that  vv^ith  the  upbuilding  of  the 
West  a  better  location  in  the  near  future  would  be  in  the  vicinity 
of  Chicago,  because  the  labor  market  is  as  good,  the  increased  haul 
of  coke  is  balanced  by  the  decreased  haul  on  ore,  and  the  average 
haul  on  the  finished  product  would  be  considerably  less. 

Since  it  has  already  been  assumed  that  an  organization  is  to 
be  formed,  it  is  quite  evident  that  the  men  who  are  willing  to  risk 
their  money  in  the  enterprise  have  canvassed  the  situation  and  feel 
convinced  that  all  of  the  conditions  stated  can  be  fulfilled.  It  is 
now  further  assumed  that  the  new  organization  will  be  a  corpora- 
tion and  not  a  partnership.  The  advantages  of  one  over  the  other 
are  in  part  as  follows :  A  corporation  is  a  separate  thing,  quite  apart 
from  any  of  the  individuals  belonging  to  or  composing  it ;  its  func- 
tions are  not  necessarily  disturbed  either  by  the  death  or  withdrawal 
of  any  individual,  whereas  a  partnership  is  usually  terminated 
thereby ;  it  invariably  has  a  charter  which  gives  it  legal  stand- 
ing, while  in  a  partncrshii)  the  agreement  may  be  implied,  not 
written,  and  may  even  exist  without  the  knowledge  of  some  of  its 
members;  in  a  corporation  the  individuals  cannot  as  a  rule  be 
called  upon  to  assume  any  of  its  debts,  but  in  a  partnership  each 
member  may  be  held  responsible  for  all  of  the  debts;  a  corpora- 
tion's shares  can  be  sold,  transferred  ov  loaned  by  the  individual 
owners;  in  a  partnership,  no  money  can  be  borrowed  on  the 
strength  of  a  member's  interest;  the  management  of  a  corporation 
is  vested  in  a  bo.inl  of  directors  with  limited  powers,  who  must 
make  periodic  reports  to  its  stock-holders ;  in  a  partnership  each 
partner  may  act  with  unlimited  powers  and  without  the  consent  or 
knowledge  of  the  other  partners. 

A  name  is  now  selected  for  the  corporati"ii.  plaii.s  aie  Mi.t\\n 
up  outlining  its  scope  as  regards  capital  stock,  incorporators,  lines 
of  manufacture,  duration  of  charter,  location,  etc.  and  a  state  char- 
ter is  applied  for.  the  application  being  filed     with  the  secretary- 
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of  state.  At  least  three  persons,  and  in  some  states  five  or  more, 
are  required  to  form  a  corporation. 

The  statutes  of  the  various  states,  in  order  to  expedite  busi- 
ness, now  provide  for  the  formation  or  incorporation  of  stock  com- 
panies, or  corporations,  as  they  are  more  commonly  called,  though 
formerly  they  were  required  to  be  authorized  by  direct  act  of  legis- 
lature. A  license,  not  a  charter,  is  next  issued,  authorizing  books 
to  be  opened  for  subscriptions  to  the  capital  stock.  A  certain 
minimum  amount  is  usually  required  to  be  subscribed  and  paid  for, 
a  meeting  of  subscribers  held,  directors  elected,  by-laws  made  and 
a  record  of  all  these  proceedings  filed  with  the  secretary  of  state,  be- 
fore a  charter  is  granted  authorizing  the  transaction  of  business  un- 
der the  laws  of  the  state.  This  charter  is  issued  primarily  for  the 
purpose  of  bringing  in  revenue  to  the  state,  not  only  when  granted 
but  annually  thereafter,  as  a  rule ;  and  the  tax  which  must  be  paid 
for  it  is  based  largely  on  the  capital  stock,  though  also  to  some 
extent  on  the  kind  of  business  to  be  entered.  In  years  gone  by, 
when  it  was  desired  to  attract  capital  to  a  state,  and  thus  to  develop 
its  resources,  the  conditions  imposed  on  business  were  much  less 
severe  than  now.  As  an  instance  of  this,  it  may  be  stated  that  what 
were  known  as  "blanket"  or  "omnibus"  charters,  were  sometimes 
issued,  permitting  a  company  to  engage  in  any  sort  of  business 
whatsoever.  A  charter  of  this  kind  could  hardly  be  obtained  in 
these  latter  days,  under  any  conceivable  circumstances,  so  it  may 
be  appreciated  that  such  a  charter  is  a  valuable  asset  in  itself. 

As  already  mentioned,  the  state  tax  is  based  largely  on  the 
capital  stock,  and  it  is  therefore  the  part  of  wisdom  for  the  pro- 
moters, as  good  business  men,  to  keep  the  capital  stock  as  low  as 
possible  for  the  time  being,  even  if  later  on  it  be  necessary  to  in- 
crease it.  Though  practically  every  manufacturing  concern  must 
have  a  charter,  it  is  not  necessary  that  this  be  obtained  in  the  state 
in  which  the  works  are  to  be  located.  Since  this  is  so,  many  con- 
cerns obtain  their  charters  in  states  in  which  the  tax  on  their  capi- 
tal stock  will  be  the  lowest,  and  this  is  one  of  the  reasons,  though 
not  necessarily  the  principal  one,  why  so  many  charters  have  been 
taken  out  in  New  Jersey. 

Upon  the  granting  of  the  charter,  and  the  completion  of  other 
equally  important  arrangements  which  it  is  not  requisite  to  detail 
here,  the  corporation  is  ready  to  organize  on  more  permanent  lines. 
The  first  officers  are  usually  selected  from  among  the  men  who 
first  contribute  toward  the  capital  stock,  and  who  are  naturally, 


LARGE  MANUFACTURING  CORPORATION 


341 


therefore,  the  original  stock-holders,  though  occasionally,  when 
temporarily  desirable  not  to  disclose  the  identity  of  the  real  pro- 
motors,  dummy  officers  may  be  installed.  At  the  proper  time  these 
dummies  resign  one  after  another,  the  real  officers  then  being  ap- 
pointed, usually  by  the  board  of  directors,  to  fill  the  vacancies. 
At  this  time  also,  a  new  board  of  directors  may  be  elected.  The 
members  of  the  board  are  not  elected  permanently,  but  usually  for 
stated  periods,  though  all  of  them  may  stand  for  re-election ;  it 
is  not  necessary  for  the  members  of  the  board  to  own  personally 
all,  or  even  a  majority  of  the  stock;  but,  where  such  is  not  the 
case,  they  must  at  least  control  its  voting  power.  The  executive 
officers  consist  of  the  chairman  of  the  board  of  directors,  who  is 
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invariably  the  ranking  officer,  the  president,  one  or  more  vice-presi- 
dents, the  secretary,  the  treasurer  and  the  auditor;  but  it  does  not 
follow  that  (the  chairman  excc]>ted)  they  are  necessarily  members 
of  the  board,  though  frequently  some  of  them  are.  In  certain 
concerns,  there  may  also  be  an  executive  committee  reporting  to 
the  chairman.  The  officers  in  turn  choose  the  departmental  heads, 
including  the  managers  of  sales,  engineering,  works,  etc.,  and  these 
in  turn  complete  their  respective  departments.  Though  the  pro- 
ceeding has  been  rapidly  outlined,  it  does  not  follow  that  the  "offi- 
cers named  are  all  chosen  at  one  time,  nor  need  they  be  separate 
and  distinct.  The  president  may  perhaps  be  manager  of  one  01 
more  departments  as  well,  the  treasurer  may  combine  with  his 
work  the  duties  of  secretary,  the  auditing  dopartniont  may  consist 
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of  but  a  bookkeeper,  and  so  on.  A  large  manufacturing  concern 
will  eventually  have,  however,  an  organization  somewhat  along  the 
lines  shown  in  Fig.  i. 

With  the  growth  of  its  business,  a  corporation  sometimes  finds 
it  advisable  to  increase  its  capital  stock;  and  this  is  accomplished, 
either  by  the  issue  of  additional  shares  of  the  same  kind  as  the 
original,  or  by  creating  a  new  kind,  in  which  case  the  original 
is  generally  called  preferred  or  first  preferred,  and  the  second, 
common  or  second  preferred.  Sometimes,  rather  than  increase  the 
capital  stock,  mortgages,  occasionally  designated  as  debentures,  or 
bonds,  may  be  issued  with  a  part  or  the  whole  of  the  plant  as 
security.  Of  course  any  move  of  this  kind  to  raise  money  must 
receive  the  sanction  of  the  stockholders  before  it  can  be  put  into 
effect.  Of  the  two  methods  the  latter,  that  is,  the  issuing  of  mort^ 
gages  or  bonds,  is  perhaps  to  be  preferred,  for  the  reason  that 
the  debt  is  sooner  or  later  wiped  out,  when  the  interest  which  it 
has  been  necessary  to  pay  during  the  life  of  the  mortgages  or  the 
bonds  can  be  applied  in  other  ways ;  whereas,  the  payment  of  in- 
terest on  stock  is  a  perpetual  obligation  even  though  a  concern  be 
not  always  successful  in  meeting  it.  The  money  thus  raised  by 
a  corporation  may  be  used  for  the  erection  and  equipment  of  ad- 
ditional buildings,  the  further  purchase  of  machinery  or  of  the 
patents  and  good  will  of  another  manufacturing  concern ;  it  may 
be  used  for  the  cancelling  of  outstanding  obligations,  such  as  the 
payment  of  maturing  notes  and  bonds,  or  it  may  be  used  in  vari- 
ous other  ways. 

From  what  has  thus  far  been  told,  it  will  be  inferred  that  the 
stockholders  are  the  ultimate  authority  in  every  corporation.  The 
board  of  directors  is  elected  by  them,  except  possibly  at  its  forma- 
tion ;  and  accordingly,  must  inform  them  regularly  as  to  the  con- 
duct of  the  business.  This  is  usually  done  through  the  medium 
of  annual,  semi-annual  or  quarterly  reports,  which  give  in  a  very 
complete,  yet  condensed  form,  certain  essential  information  such 
as  a  statement  of  the  work  undertaken  and  accomplished,  as  well 
as  an  outline  of  prospective  business  and  new  fields  of  activity. 
The  assets,  liabilities,  income,  profit  and  loss,  are  also  set  forth. 
If  these  statements  are  not  considered  satisfactory  by  the  stock- 
holders, it  is  within  their  power,  by  voting  their  disapproval  at 
one  of  the  stockholders'  meetings,  to  change  the  board  of  direc- 
tors, or  to  make  any  other  changes  they  may  deem  necessary  or 
desirable.     In  voting,  e^ch  sh^re  of  ^  kind,  usually  counts  on? 
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vote.     It  is  not  a  question  of  individuals  but  of  votes;  in  other 
words,  a  single  stock-holder,  by  possessing  or  controlling  a  major- 
ty  of  shares,  may  dictate  the  policy  of  the  corporation. 

The  principal  features  of  the  reports  made  by  the  directors 
to  the  stock-holders  are,  in  large  measure,  compiled  from  regular 
monthly  statements  issued  by  the  various  departmental  heads  to 
the  executive  officers.  Most  of  the  financial  information  contain- 
ed in  them  is  obtained  through  the  medium  of  the  accounting  de- 
partment, under  whose  charge  are  placed  practically  all  of  the  finan- 

SAMPLE    BALANCE   SHEET 


ASSETS 
Property    and    Plant 


Real   pstate, 
HuililinKS, 
Mutliiiifry, 
Kquipnieiit. 


Preferred, 
Common. 


Quick  Assets 


LIABILITIES 
Capital  Stock 


Current    Liabilities 


Accounts   receivable, 
Noti's  receivable. 
Interest    accrued, 
Cash. 

Working   Assets 

Raw   materials, 

Work   in  progress    (in   factory  and  in   course 

of  erection  at   destination.) 
Finished  stuck  and   aiii>aratus. 

Investments 

Bonds    (in   other   companies), 
Stocks    (in   other  companies). 

Miscellaneous 

Charter 
I'atcntM, 
f'urniture, 

VixUlTfH, 

Tajtes  (paid  in  advance), 
insurance   (paid  in  advance). 


Accounts  payable. 

Notes  payable, 

Interest    accrued. 

Taxes   (accraed  but  not  due). 


Funded   Debt 

Bonds, 
Morljjages. 

Miscellaneous 

.Adjustment    Reserves. 


Profit  and    Loss 


Suiplus. 


cial  accounts.     Where  such  is  not  the  case,  they  at  least  exercise 
supervision  over  the  methods  employed. 

It  will  be  advisable  now  to  examine  into  the  several  state- 
ments just  referred  to.  as  being  submitted  by  the  directors  to  the 
stock-holders,  in  order  to  see  how  they  are  made  up,  and  in  so  do- 
ing to  learn  a  little  more  in  detail  of  the  meth<His  of  any  largo 
corporation.  Every  concern  not  only  extends,  but  it  receives  credit: 
in  other  words  it  owns  as  well  as  owes.  Were  this  not  so,  the 
business  of  the  world  would  be  very  much  restricted.  What  a  con- 
cern owns  is  called  its  assets,  what  it  owes  is  called  its  liabilities. 
Discussing  the  assets  and  liabilities,  which  appear  on  what  is  known 
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as  a  balance  sheet,  it  may  be  seen  that  it  is  issued  in  ledger  shape, 
the  left  hand  column  giving  the  assets,  the  right  hand  the  liabilities. 
Taking  the  assets  first,  these  may  be  divided  into  several  groups- 
Property  and  plant,  quick  assets,  working  assets,  investments, 
miscellaneous,  each  in  turn  being  further  divided  into  various  items. 
Included  in  property  and  plant  are  the  grounds  on  which  the  works 
are  located,  as  well  as  any  other  property  of  a  like  nature  which 
the  corporation  may  hold ;  also,  the  buildings  occupying  these 
grounds  and  the  machinery  or  other  equipment  which  may  be  either 
on  the  ground  or  within  the  buildings.  Quick  assets  mean  exactly 
what  the  term  implies,  either  money  itself  or  available  assets  which, 
if  occasion  makes  necessary,  may  be  converted  into  money  quickly. 
These,  therefore,  consist  of  accounts  and  notes  receivable,  repre- 
senting either  customers'  accounts  that  have  not  been  paid  or  for 
which  interest  bearing  notes  have  been  given  and  which  may,  there- 
fore, be  readily  discounted  at  a  bank  or  other  medium  of  exchange ; 
also  interest  due  from  cash  in  bank  or  from  other  sources,  and 
finally,  cash  in  bank  or  on  hand.  Under  the  head  of  working  assets, 
sometimes  known  as  trading  assets,  are  placed  raw  materials,  work 
in  progress,  consisting  of  apparatus  in  course  of  completion  in  the 
works  or  at  destination,  and  finished  stock  and  apparatus.  In  the 
line  of  investments  may  be  mentioned  bonds  and  stock  in  other 
companies — these  are  acquired  sometimes  by  purchase,  sometimes 
in  part  payment  for  apparatus  furnished.  The  items  grouped  un- 
der the  head  of  miscellaneous,  namely,  charter,  patents,  furniture, 
fixtures,  taxes  and  insurance,  are  sufficiently  plain  without  ex- 
planation— taxes  and  insurance  are  only  included  when  paid  in  ad- 
vance. Attention  is  'especially  called  to  the  two  items,  charter  and 
patents,  which  occasionally  are  the  very  life  of  a  concern  and  which 
may,  therefore,  be  set  down  sometimes  in  large  figures. 

Turning  next  to  the  liabilities,  the  very  first  item,  and  usually, 
though  not  always,  the  largest,  is  the  capital  stock.  This  is  a  lia- 
bility because  of  the  shares  having  been  sold  to  the  stockholders. 
Under  current  liabilities  come  such  items  as  accounts  and  notes 
payable,  interest  due  on  same,  taxes  and  insurance — the  last  items 
included  only  when  accrued  but  not  yet  due  or  paid.  The  nex|| 
liability  is  that  of  funded  debt,  meaning  a  secured  debt ;  for  ex- 
ample, money  raised  by  bonds  and  mortgages  and  pledging  the 
property  or  plant  as  security.  The  item  under  miscellaneous  called 
reserves  is  an  amount  set  aside  to  cover  certain  kinds  of  deprecia- 
tion, like  bad  debts,  or  the  loss  on  material  or  stock  purchased  or 
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acquired  which  has  lessened  in  value  since  its  purchase,  and  so  on. 
Totaling  up  all  of  the  assets  and  likewise  all  of  the  liabilities,  and 
subtracting  the  one  from  the  other,  the  difference  will  represent 
either  a  surplus  or  a  deficit — a  surplus  if  the  assets  are  the  greater, 
and  a  deficit  in  the  contrary  case.  As  the  balance  sheet  is  a  ledger 
account  and  must  therefore  be  a  balanced  statement,  when  the  as- 
sets exceed  the  liabilities,  the  difference  or  surplus  is  placed  below 
the  liability  column;  on  the  other  hand,  when  the  liabilities  exceed 
the  assets,  the  difference  or  deficit  is  placed  below  the  asset  column. 

INCOME  AND    PROFIT   AND    LOSS  STATEMENT. 


Gross   Earnings. 
Sliipiueiits  billed. 


Cost   of   Shipnnents. 
Ai;    expenses   including;   factory   cost    and   ex- 
penses   of   patterns,    die.s,    tools,    inventory 
adjustments,   selliiii?,   etc. 


Profit. 


Other   Income. 

Interest  on  notes  receivable. 
Dividends  on  stocks  and  bonds  in  other  com- 
panies. 
Royalties. 


Net  Income. 
.Surplus  for  the  year. 

Profit  and  Loss  Credits. 

Surplus  from   preredinR   balance   sheet. 
I'mntK    on    bonds    and    inortBi'K*-'    certificates 

purchased   and   retired. 
UiMellane'ius. 


Net  Manufacturing  Earnings. 


Deductions. 


Depreciation    on   property,    plant    arid    materi- 
als. 

Net  Profit  from   Manufacturing  Operations. 
Troht. 

Deductions   from   Income. 

Interest   on   bonds   and   inoi  tK^Kes. 
Interest  on  notes  payable. 
Uiscount  III  bills  reci-ivable. 
Sinkinp   fund   charges. 

Net  Income. 

Surplus  for  the  year. 


Profit  and  Loss  Charges. 

Dividends   on  capital   stock. 

ftcpreciation   on   securities  owned. 
.Miscellaneous. 

Sui7)liis  as  per  balance  sheet. 


W  liiic  tile  balance  sheet  shows  in  part  the  linancial  coiulitiini  ni 
the  corporation,  it  still  needs  to  rounded  out  by  what  is  known  as 
the  income  and  profit  and  loss  statement.  As  its  name  implies,  this 
gives  the  sources  of  income  of  the  corporation  and  its  net  profit 
or  loss  for  the  year.  For  convenience  in  explaining,  it  has  been  set 
down  with  the  income  on  one  side  and  the  "outgo."  (if  the  liberty 
may  be  taken  of  calling  it  such)  on  the  other.  On  the  income  side, 
the  first  item  is  that  of  gross  earnings,  this  inchuiing  the  total  value 
of  all  shipments  billed  to  customers.  On  the  outg<i  side,  the  first 
item  is  the  cost  of  shipments  billed,  meaning  by  this  the  total  ''>^<t 
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inclusive  of  everything,  namely,  factory  cost,  with  expenditures 
for  patterns,  dies,  tools,  inventory  adjustment,  also  selling,  adminis- 
tration and  other  sources  of  expense.  The  difference  between 
these  two  sets  of  figures  gives  the  net  manufacturing  earnings, 
which  may  be  either  a  profit  or  a  loss.  There  are  still  certain  de- 
ductions to  be  made  from  the  net  manufacturing  earnings,  these 
consisting  of  the  depreciation  on  property,  plant  and  materials. 
When  such  have  been  allowed  for,  the  remainder  will  then  indi- 
cate the  net  profit  (or  it  may  be  the  net  loss)  from  manufacturing 
operations. 

Reverting  again  to  the  income  side  of  the  statement,  it  will  be 
seen  that  besides  manufacturing  profits,  there  are  other  sources  of 
income,  consisting  of  interest,  and  dividends  due  from  investments 
of  one  kind  and  another,  royalties,  etc.,  while  to  offset  these,  there 
will  be  found  on  the  outgo  side  of  the  statement  deductions,  in- 
cluding interest  payable  on  bonds,  mortgages,  notes,  etc.,  also  dis- 
counts on  bills  receivable  and  sinking  fund  charges.  If  these  be 
respectively  added  to  and  subtracted  from  net  profit  from  manu- 
facturing operation,  the  result  will  be  the  net  income  or  the  surplus 
for  the  year.  If  to  this  be  added  next,  certain  credits,  such  as 
profitson  bonds  or  mortgage-certificates  of  the  company  which  have 
been  purchased  and  retired,  provided  there  are  any  such ;  and,  like- 
wise if  from  this  total  be  subtracted  certain  charges  or  debits,  as 
dividends  on  the  capital  stock  of  the  corporation,  depreciation  of 
securities  owned  or  of  accounts  receivable,  etc.,  there  is  finally  left 
a  surplus  (or  a  deficit),  which  will  be  in  accord  with  the  surplus 
or  deficit  shown  by  the  balance  sheet. 


THE  CONSTRUCTION  OF    ELECTRICAL  HEATERS 

H.   O.   SWOBODA 
Consulting  Electrical  and  Mechanical  Enjrineer,  Pittsburgh,  Pa. 

EI.I'XTKICITY  is  changed  into  heat  in  four  different  ways: — 
First,  by  the  Joulean  Effect 
Second,  by  the  Electric  Arc 
Third,  by  the  Electric  Spark,  and 
Fourth,  by  the  Electrolytic  Effect. 

The  Joulean  Effect,  changing  the  electrical  energy  into  heat 
on  account  of  the  electrical  resistance  of  the  circuit,  is  limited  to 
devices  requiring  temperatures  not  higher  than  the  resistance  mate- 
rial of  the  resistor  will  stand.  While  temperatures  as  high  as  5  500 
degrees  F.  can  be  obtained,  it  is  only  in  furnaces,  welding  machines 
and  a  few  other  devices  that  temperatures  in  excess  of  i  200  de- 
grees F.  are  required.  All  domestic,  commercial,  and  most  scien- 
tific and  industrial  heating  devices  belong  in  this  class. 

The  Electric  Arc  makes  possible  the  use  of  the  highest  arti- 
ficial temperatures  known,  ranging  as  high  as  6  500  degrees  F. 
These  temperatures  cannot  be  reached  in  any  other  manner  and  they 
make  possible  the  production  of  materials  which  formerly  either 
were  not  known  at  all  or  which  could  not  be  obtained  artificially. 
The  electric  arc  furnace  is  the  principle  representative  of  this  class 
i>f  iicating  devices. 

The  Electric  Spark  is  mostly  employed  for  igniting  e.\i)l()sivcs 
for  blasting  and  the  explosive  gas  mixtures  in  combustion  engines. 
In  either  case  it  is  accomplished  by  the  spark  plug,  a  device  well 
known  to  everybody  since  the  automobile  has  come  into  general  use. 

The  Electrolytic  Effect  is  employed  in  electrolytic  cells  when 
the  electrical  energy  is  partly  changed  into  chemical  energy  re- 
<|uired  for  the  chemical  process  in  the  cell  and  partly  changed  into 
heat.  In  case  the  process  requires  an  elevated  temperature,  then 
this  heat  is  used  to  provide  this  high  temperature. 

As  large  as  the  variety  of  electrical  heaters  in  practice  is.  they 
represent  only  a  few  different  types  and  it  is  the  intention  to  point 
out  these  types  in  the  following  lines. 
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FIG.  I — LUMIN- 
OUS RADIATOR 
HEATING 

UNIT 


JOULEAN    EFFECT 

The  fncandesccnt  Lamp  is  probably  the  best  known  type  of 
heater.  The  filament,  preferably  of  carbon,  made  to  glow  in  a 
vacuum,  radiates  heat.  In  most  cases  special  long  bulbs  of  250 
or  500  watts  capacity  are  used,  as  shown  in  Fig.  i,  and  they  are 
arranged  in  groups  of  two,  three  or  more  in  accordance  with  the 
amount  of  heat  required.  The  incandescent  lamp 
represents  one  of  the  best,  if  not  the  best  heater 
which  transmits  its  heat  by  radiation.  While  in- 
candescent lamp  heaters  were  employed  for  quite 
a  number  of  heating  appliances,  even  inside  of  cook- 
ing utensils,  their  use  is  now  practically  restricted 
to  appliances  where  light  and  heat  are  utilized 
jointly,  such  as  in  luminous  radiators  and  in  thera- 
peutics. 

The  Exposed  JVire  Heater  is  another  well 
known  type  of  resistor.  A  resistance  wire,  straight 
or  in  the  form  of  a  helical  coil,  heated  by  the  electric 
current,  is  either  hung  up  free  in  the  air  or  wrapped 
around  a  spindle  of  insulating  material,  such  as 
porcelain,  as  shown  in  Fig.  2.  The  cold  air,  striking  the  hot  wire, 
carries  the  heat  by  convection  into  the  car,  room,  oven  or  other 
space  which  is  to  be  heated.  In  early  days,  heaters  of  this  kind 
could  only  be  used  for  low  temperatures,  such  as  required  for 
heating  air,  because  the  resistance  wire,  if  heated  above  a  few 
hundred  degrees,  would  oxidize  and  burn  out  after  a  short  time, 
unless  expensive  platinum  was 
employed.  Since  the  discov- 
ery of  special  resistance  met- 
als, such  as  nickel-chromium, 
temperatures  as  high  as  i  750 
degrees  F.  can  be  maintained 
without  injuring  the  wires.  pj^.  2— exposed  wire  heating  unit 
The  result  is  that  heaters  of 

this  type  are  now  being  used  for  quite  a  number  of  different  devices, 
such  as  street  cars,  foot-warmers,  incubators,  hair  dryers,  toaster 
stoves,  grills,  broilers,  furnaces  and  others.  For  temperatures  above 
I  750  degrees  F.  and  up  to  2  750  degrees  F.,  platinum  has  no  com- 
petitor as  yet  and  therefore  is  still  being  used  for  certain  furnace 
work,    Besides  this  it  is  employed  for  dental  and  surgical  purposes. 
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such  as  in  cauterizing  instruments,  hot  air  syringes  and  many  other 
simihir  a[)i)liances,  where  price  enters  as  a  secondary  consideration 
only. 

In  a  great   many  cases   it   is   impossible  to  use  exposed  wire 

heaters  and  the  wire  must  be 
electrically  insulated  in  one  way 
or  another,  to  prevent  short-cir- 
cuits. This  is  accomplished  in  a 
number  of  instances  by  covering 
the  wire  with  some  fireproof 
electrical  insulating  material, 
such  as  asbestos.  The  wire  can 
then  be    arranged    without    any 

FIG.  3-iNsuLATED  WIRE  HEATING  UNIT   sp^chigs     bctwceu    its    different 

sections,  but  of  course  the  heat 
generated  must  pass  through  the  covering  before  it  can  act  on  the 
object  to  be  heated.  Insulated  resistance  wire  heaters  can  be  found 
in  heating  pads,  as  shown  in  Fig.  3,  foot-warmers,  air  heaters,  and 
similar  devices.  The  principal  field  is  for  devices  which  must  be 
flexible,  like  heating  pads,  and  in  which  the  temperature  required 
does  not  exceed  a  few  hundred  degrees.  With 
the  exception  of  asbestos,  however,  there  are 
few  fire-proof  electrical  insulating  materials 
suitable  for  covering  wires,  and  which,  at  the 
same  time,  have  flexibility,  so  that  they  will 
bend  with  the  wire,  without  being  damaged. 

.\nother  successful  method  of  insulating 
resistance  wire  electrically  is  to  embed  it  in 
cement,    fire-clay,   carlxirundum,    tire-sand,  or 
other  fire-pro<if  material,  as  shown  in  l-'ig.  4. 
In  this  manner,  the  different  sections  of  the 
wire  are  not  only  insulated  from  each  other, 
but  the  air  is  excluded  at  the  same  time,  pre- 
venting oxidizing  and  burning  out.     This  was 
of  especial  importance  before  nickel-chromium 
wire  was  available.    As  in  the  insulated  resist- 
ance wire  heater,  the  current  heats  the  wire  and  the  heat  passes 
by  conduction  through  the  electrical  insulation  into  the  material, 
which  is  to  be  heated.     I'mbedded  resistance  wire  heaters  are  em- 
ployed in  all  kinds  of  domestic  and  industrial  appliances,  such  as 
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cooking  utensils,  air  heaters,  laundry  irons,  glue  pots,  water  heaters, 
ovens  and  furnaces.  With  nickel-chromium  wire  embedded  in 
the  proper  materials,  temperatures  as  high  as  i  750  degrees  F.  can 
be  produced,  and  with  platinum,  temperatures  as  high  as  2  750  de- 
grees, covering  practically  the  entire  heating 
field. 

Embedding  the  resistance  wire  means 
that  all  the  heat  must  pass  through  the  in- 
sulating material,  which  very  often  is  of 
considerable  thickness  and  which,  at  the 
very  best,  cannot  be  used  thinner  than 
0.015  in.  As  all  electrical  insulating  ma- 
terials are  more  or  less  excellent  heat  insu- 
lators, a  loss  of  heat  is  suffered.  In  order 
to  reduce  this  loss  to  a  minimum,  heaters 
are  now  being  made  by  wrapping  resistance 
wire  around  a  thin  sheet  of  mica  and  clamp- 
ing it  tightly  between  the  metal  parts  which 
are  to  be  heated,  as  shown  in  Fig.  5.  As 
mica  can  be  used  as  thin  as  0.005  in.,  con- 

FIG.    5— H  EATINGUNIT  .        ^^  ' 

WITH   WIRE   WRAPPED  sidcrably  less  heat  is  lost  than  in  the  embed- 
ARouND  AND  PLACED  BE-  ^^^  ^jj-c   hcatcr  and    the   efficiency    is  in- 

TWEEN   SHEET    MICA  .  ,-..,., 

creased  proportionately.  It  is  only  since  the 
development  of  the  nickel-chromium  wire,  which  makes  the  exclu- 
sion of  the  air  of  secondary  importance,  that  this  type  of  heater  be- 
came possible. 

Instead  of  wrapping  resistance  wire  around  a  thin  sheet  of 
mica,  a  piece  of  sheet  metal  properly  slotted,  as  shown  in  Fig.  6, 
can  take  its  place.  Heaters  of  this  kind  are  known  as  "Mono- 
plane Heaters,"  and  are  still  more  effi- 
cient than  the  wire  wrapped  type,  be- 
cause the  resistance  offered  to  the  pas- 
sage of  the  heat  in  the  insulating  material 
is  reduced  considerably. 

Another  very  efficient  mica  insulated 
heater  is  being  obtained  by  painting  on 
one  side  of  a  thin  piece  of  mica  a  film  of  rare  metal  (platinum, 
gold),  as  shown  in  Fig.  7,  the  volatile  oils  of  which,  mixed  with  the 
metal  powder,  are  removed  by  firing.  The  use  of  this  type  of 
heater,  however,  is  limited,  because  it  is  difficult  to  produce  a  film 
of  uniform  section. 


FIG.  6 — SHEET  METAL  HEATING 
UNIT  PLACED  BETWEEN 
SHEET    MICA 
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As  mica  dehydrates  at  aljout  800  degrees  F.,  mica  insulated 
heaters  cannot  be  used  for  heating  devices  calHng  for  temperatures 
higher  than  about  700  degrees.  Since,  however,  a  large  majority 
of  all  heating  appliances  require  lower  temperatures  than  this,  the 
mica  insulated  heater  has  come  into  general  use  during  the  last 
few  years.     It  is  preferred  over  the  "embedded  wire"  heater,  on 

account  of  its  higher  effi- 
ciency, its  lower  cost  and  the 
ease  with  which  it  can  be  re- 
placed. Proof  that  this  type 
vu,.  7 — METAL  FILM  HK.\TiNG  UNIT  PLACED  of  hcatcr  has  reachcd  a  high 
BF.TWF.EN  SHEET  MICA  ^^,^^1^  ^^  perfectiou  is   fur- 

nished  by  the  fact  that  manufacturers  arc  prepared  to  furnish  guar- 
antees for  five  years  or  more. 

The  heaters  so  far  described  arc  not  suitable  for  temperatures 
of  more  than  2  750  degrees.  To  obtain  higher  temperatures,  car- 
bon or  graphite  heaters  are  employed,  as  these  materials,  if  pre- 
vented from  o.xidizing,  will  resist  higher  heats  than  any  other 
metal  known.  Fig.  8  shows  a  section 
through  a  furnace  with  resistors  of 
flat  carbon  plates  R,  one  pile  on  each 
side  of  the  furnace  chamber.  These 
carbons,  being  under  pressure,  are 
brought  to  a  white  incandescence  by 
the  electric  current  and  radiate  heat 
to  the  charge  in  the  furnace.  The  con- 
struction of  the  entire  device  is  such 
that  the  air  has  practically  no  ad- 
mission, and  whatever  small  amount 
may  be  in  the  furnace  when  starting, 
is  driven  out  by  the  gases  which  de- 
velop the  moment  the  current  is  turned 
on.  Nevertheless,  the  carbon  pieces 
have  not  a  very  long  life.  In  these  furnaces  temperatures  as  high 
as  3  Thx)  degrees  I*",  can  be  produced. 

Another  tyjic  of  furnace  is  cf|uippcd  wilii  graphite  heating 
units,  which  arc  protected  from  oxidization  by  working  in  a  vacuum. 
It  is  claimed  that  with  this  construction  temi>craturcs  as  high  as 
5  500  degrees  F.  can  be  obtained. 


"em^. 


FIG.       8 — CARBOX-PLATF       HEATING 
I'N'ITS    INSIDE    OK    A    FCKNACE 
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FIG.    9 ENCLOSED    FUSE 


Besides  graphite  and  carbon,   there   are  some   refractory  ma- 
terials which  are  capable  of  withstanding  high  heat  and  which,  at 

the  same  time,  are  good 
resistors.  For  instance, 
c  o  m  p  r  e  s  s  ed  metallic 
powder  mixed  with  clay, 
silundum  or  kryptol. 
Another  type  of  heater,  all  hough  ordinarily  not  classified  as 
such,  is  the  electric  fuse,  such  as  shown  in  Fig.  9.  It  consists  of 
a  piece  of  metal,  usually  wire  or  ribbon,  the  section  of  which  is 
so  calculated  that  the  metal  will  heat,  but  not  melt  when  carrying 
the  amount  of  current  for  which  it  is  designed.  If  for  any  reason 
the  current  exceeds  this  rated  amount,  then  the  increased  heat  in 
the  fuse  will  melt  the  wire  or 
ribbon  and  interrupt  the  circuit. 
Not  only  will  fuses  be  found 
as  safety  devices  wherever  elec- 
tricity is  being  used,  but  they 
are  also  applied  for  firing  the 
charges  in  blasting.  In  the  lat- 
ter case,  however,  the  fuse  wire 
is  so  dimensioned,  that  it  will 
glow  or  melt,  igniting  the  charge 
the  moment  the  electric  current 
passes  through  the  circuit. 

The  joulean  effect  is  also 
employed  in  electric  welding.  The  principle  involved  is  that  of  caus- 
ing the  electric  current  to  pass  through  the  parts  of  the  metal  to  be 
welded,  thereby  generating  heat  at  the  point  of  contact,  while  at  the 
same  time  pressure  is  applied  to  force  the  parts  together.  The  mo- 
ment the  welding  temperature  is  reached,  the  pressure  follows  up  the 
softening  surfaces,  until  a  complete  weld  is  effected.  No  special 
heater  is  required  to  perform  this  work.  The  art  consists  in  applying 
at  the  right  time  the  proper  amount  of  current  and  pressure,  both  of 
which  naturally  vary  considerably  for  different  purposes.  Fig.  10 
shows  a  number  of  pieces  before  and  after  welding,  but  hardly 
does  justice  to  the  enormous  possibilities  in  actual  practice.     Elec- 


FiG.  10- 


-SAMPLES    OF    ELECTRICALLY 
WELDED    PARTS* 


*See  article  by  Mr.  C.  B.  Auel,  on  Incandescent  Welding,   in    the  Jour- 
nal for  June,  1910,  p.  430. 
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trie  welding  is  not  only  replacing  other  methods  of  welding,  but 
is  also  being  adopted  instead  of  riveting  and  other  methods  of 
joining  parts,  due  to  lower  cost  and  superior  work. 

The  Induction  Type  Heater,  suitable  only  for  alternating  cur- 
rent, is  another  method  of  employing  the  joulean  effect  in  a  very 
eft'ective  manner.  It  consists  of  a  transformer,  the  primary  wind- 
ing of  which  is  connected  to  the  electric  current  supply.  The  sec- 
ondary is  formed  by  a  single  or  a  few  turns. 
Fig.  II  shows  a  vessel  with  a  double  wall. 
The  inner  and  the  outer  shell,  /  and  J",  are 
concentric  wrought  iron  cylinders  and  act  on 
the  secondary  of  the  transformer.  Sj)ace  ? 
between  the  shells  contains  the  primary  wind- 
ing 5,  which  connects  with  the  supply  wire 
terminals  7.  The  current,  passing  through 
the  primary,  magnetizes  the  wrought  iron 
shells  and  induces  an  electric  current  suffi- 
cient to  heat  the  shells.  By  selecting  the 
proi)er  proportions,  heat  of  almost  any  de- 
sired temperature  can  be  obtained.  Vessels 
of  this  kind  can  be  used  for  any  process  re- 
(|uiring  heat,  such  as  cooking,  baking  or  heat- 
ing liciuids.  melting  metals,  etc.  The  primary 
coil  also  can  be  so  dimensioneil  that  the  heat  generated  in  the  second- 
ary winding  is  so  large  that  the  metal  forming  the  secondary  will 
melt.  This  i)rin(.ii)le  is  used  in  a  number  of  induction  furnaces  for 
t)btaining  metal  directly  from  ore  or  for  manufacturing  fme  grades 
of  steel. 

Another  interesting  ajjplication  of  the  induction  type  heater  can 
l»c  found  in  the  electrical  thawing  of  frozen  water  in  pipes.  The 
outfit  consists  of  a  transformer,  the  primray  of  which  is  connected 
to  the  electric  service  wires  near  the  place  where  the  thawing  is 
to  take  place.  The  pipe  with  the  frozen  water  is  then  connected 
in  circuit  with  the  secondary  winding  of  the  transformer  and  the 
heat  generated  by  the  current  in  the  walls  of  the  pipe  is  sufficient, 
to  melt  the  ice. 

TTTE    ELFATKIt      .\Ki' 

When  an  electric  arc  is  formed  in  air  between  carbon  elec- 
trodes, their  temperature  is  about  6500  degrees  F..  at  which  point 
carbon  volatilizes.  The  temperature  of  the  gases  in  the  arc  is 
perhaps  i  500  degrees  higher.     To  utilize  this  heat,  in  most  cases, 


m;.  II — i.VDii  Tio.v  Tvi'i: 

OF    HKATKR   .\PPL1ED  TO 
A    TANK 
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the  arc  is  enclosed  in  a  chamber  formed  by  heat  insulating  ma- 
terials. A  furnace  of  this  kind  differs  radically  from  any  com- 
bustion furnace,  as  there  are  no  products  of  combustion  to  carry 
off  a  large  amount  of  the  heat  of  the  arc,  and  there  is  no  cold  air 
entering  the  chamber,  chilling  the  entire  furnace.  With  the  ex- 
ception of  a  small  amount  of  heat  passing  through  the  walls  of 
the  furnace  by  conduction  and  radiation,  there  is  no  loss,  and  for 
this  reason  the  electric  arc  furnace  possesses  a  considerably  higher 
efficiency  than  the  combustion  furnace.  Fig.  12  illustrates  how  the 
electric  arc  is  utilized  in  practice.  D  represents  one  electrode,  Ji 
and  h  the  other  electrodes,  and  g  and  c  the  material  which  is  to 
be  heated  and  melted.     The  current  entering  at  D   forms  an  arc 


FK;.     \2 — SliCTION    THROUGH    AN    ELECTKIC 
ARC    FURNACE 

at  the  end  of  D  passing  over  to  C,  and  from  C  to  g,  leaving  the 
furnace  at  Ji.  In  this  case  there  is  only  one  electrode  for  the 
current  to  enter  but  tzvo  or  more  electrodes  for  the  current  to  pass 
out,  in  order  to  distribute  it  over  the  entire  charge  of  the  fur- 
nace as  uniformly  as  possible  and  not  concentrate  the  entire  heat 
generated  in  a  few  points.  The  entire  arrangement  is  enclosed 
in  a  housing,  carefully  lined  with  heat  resisting  material,  in  order 
to  lose  as  little  heat  as  possible  by  conduction  and  radiation. 

For  different  purposes,  different  constructions  are  found, 
which  may  be  divided  into  direct  and  indirect  arc  furnaces.  In 
the  former,  the  charge  is  directly  exposed  to  the  arc,  in  the  latter 
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•  it  receives  the  heat  of  the  arc  by  reflection  from  the  walls  of  the 
chamber.  Tn  both  kinds,  the  electrodes  may  be  arranged  either  in 
a  vertical,  horizontal  or  an  inclined  position.  (Commercial  prod- 
ucts of  the  electric  arc  furnace  are  artificial  graphite,  carborun- 
dunr.  artihcial,  emery,  alundum,  sihindum,  calcium  carbide,  alumi- 
nus-alloys,  iron,  steel,  ferro-alloys  and  numerous  others. 

The  lieat  of  the  electric  arc,  while  mostly  utilized  in  furnaces, 
can  also  be  used  very  advantageously  for  cutting  structural  steel  or 
for  welding  broken  parts. 

THE  ELECTRIC  SPARK 

An   electric   spark,   established   between   two   metal    terminals, 
^^_  produces  sulTicient  heat  to  ignite  inflammable  ma- 

^3i  terials  in  solid,  liquid  or  gaseous  state.      Fig.    13 

1^^^  shows  a  section  of  a  spark  plug,  containing  two  ter- 

minals about  1/16  in.  apart  and  insulated  from  each 
other.  In  this  case  one  of  the  terminals  is  grounded 
with  the  metal  body,  simplifying  the  construction 
materially.  Spark  gap  plugs,  such  as  illustrated  in 
Fig.  13,  are  used  in  practically  all  internal  combus- 
tion engines  and  similar  devices  based  on  the  same 
l)rinciple  are  employed  for  gas  lighters  and  for 
lighting  blasting  charges. 

\'ery  little  has  been  said  about  the  methods  of 
ap])lying  the  various  types  of  heaters  to  the  objects, 
which  are  to  be  sui)plied  with  heat.  S])ace  is  too 
limited  to  go  into  this  problem  in  detail,  but  it 
may  be  stated  that  each  individual  case  recjuires  a 
careful  study  and  that  the  large  majority  of  all  the  troubles  with 
electrical  heating  appliances  has  been  caused  by  improper  distribu- 
tion of  the  heat  and  by  imperfect  construction  of  the  connections 
with  the  electric  current  supply.  Fligh  efticiency  of  course  is  most 
desirable,  but  a  heater  permitting  a  substantial,  indestructible  con- 
struction, the  shape  of  which  adopts  itself  without  difficulty  to  the 
object  which  is  to  be  heated,  should  always  receive  preference  in 
the  interest  of  durability. 


Fin.     13  —  1:1,  i;r- 
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A  POST-GRADUATE  CLUB 

R.  SEYBOLD 

AFTER  graduation  a  young  engineer  must  take  his  place  as 
a  beginner  in  practical  engineering  work  where  he  must 
rely  on  his  own  initiative  for  recognition  and  in  further 
carrying  on  his  education.  From  childhood  until  graduation  the  life 
of  the  average  student  follows  along  fairly  definite  lines.  He  spends 
nine  months  of  each  year  under  the  direction  of  instructors,  and 
acquires  certain  habits  of  thought  and  action.  He  becomes  accus- 
tomed to  receiving  information  without  especial  effort  on  his  part, 
and  he  follows  a  certain  type  of  social  life  among  his  fellow 
students. 

In  many  cases  the  transition  stage  from  the  class  room  to  the 
shop  or  office  is  a  difficult  one,  and  it  often  takes  considerable  time 
for  the  young  engineer  to  become  acclimated  to  his  new  surround- 
ings and  changed  conditions.  Many  realize  that  they  must 
begin  to  commercialize  their  education  and  that  the  better  the  condi- 
tions they  can  secure  during  this  change-over  stage  the  more  quickly 
they  can  get  into  positions  of  responsibility ;  and  thus  we  find  them 
entering  one  or  the  other  of  the  engineering  student  courses  pro- 
vided by  various  manufacturing  concerns  and  large  operating  com- 
panies. During  this  period  of  re-adjustment  the  student  who  takes 
up  industrial  work  with  some  one  of  the  electrical  organizations, 
must  acquire  an  entirely  new  attitude,  as  well  as  experience,  before 
he  is  of  much  value  to  his  employer.  On  beginning  such  a  course 
the  student  finds  his  days  busily  occupied  in  learning  the  details  of 
the  new  work,  but  he  is  liable  to  have  difficulty  in  feeling  at  home  in 
the  new  surroundings  after  working  hours  and  on  holidays.  In 
Pittsburgh  this  difficulty  has  been  solved  among  the  employees  of 
the  Westinghouse  interests  by  a  club  made  up  largely  of  graduate 
engineers.  It  is  the  purpose  of  this  club  to  furnish  associations  and 
surroundings  similar  to  those  in  college  and  at  the  same  time  bring 
the  young  men  in  close  touch  with  the  more  experienced  engineers 
and  officials  of  the  different  companies. 

The  club  was  organized  in  1902  as  "The  Electric  Club,"  with  a 
membership  of  150.  In  May,  1910,  new  and  more  spacious  quarters 
were  acquired,  and  the  activities  were  greatly  enlarged.  As  the 
membership  included  the  employees  of  several  of  the  Westinghouse 
Companies,  the  name  was  changed  to  "The  Westinghouse  Club." 
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The  present  quarters  consist  of  a  large  aiulitoriuni,  library,  reception 
hall,  general  club  room,  pool  rocjm,  writing  room,  several  small 
meeting  rooms,  otitices  and  a  well  equipi)e(l  gynmasium.  The  walls  of 
the  various  rooms  are  decorated  with  pennants,  pictures  and  seals  of 
the  different  colleges  represented  in  the  membership,  as  well  as  with 
illustrations  of  various  types  of  apparatus.  In  the  library  are  tech- 
nical and  popular  magazines,  and  daily  newspapers  from  various 
parts  of  the  country.  The  Club  has  grown  in  the  past  three  vears 
until  it  is  recognized  not  only  as  one  of  the  important  features  in  the 
welfare  work  of  the  different  companies  interested,  but  also  as  one 
of  the  leading  organizations  in  the  vicinity,  socially,  educationally 
and  physically.     The  mcml)crship  includes  college  graduates  from  all 


Hi..     I— VllAV    (»1      MAIN     (((KkinoR    OK    VVKSTI  .\(aiOf  SK    Cl.fll    FKOM     TH  K    KK»  KP- 

TION     H.M.L 

over  the  world.  .\i  ])re>ent  one  hundre<i  and  si.xty  colleges  are 
repre.sented  and  there  have  been  approximately  i  Scxi  engineering 
students  affiliated  with  the  Club  since  its  organization.  ( )ne  can 
hardly  conceive  of  a  better  opportunity  than  this  for  the  young  engi- 
neer to  become  acquainted  with  those  men  whom  he  should  know  in 
his  future  career. 

ihe  educational  work  of  the  club  is  ilivided  into  sevei.u  uimiikI 
branches,  such  as  popular  and  shop  lectures,  engineering  excursion^ 
and  technical  sections.  Popular  lectures  alTord  a  chance  for  mem- 
bers and  their  friends  to  hear  distinguished  speakers  on  lopics  of 
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interest  to  the  general  public,  and  the  engineering  lectures  give  the 
members  an  insight  into  the  work  being  carried  on  in  those  branches 
of  engineering  with  which  they  are  not  intimately  acquainted.  The 
technical  section  work  is  the  predominate  factor  of  the  club.  These 
sections  are  engineering  classes,  organized  to  deal  with  the  theory, 
construction  and  application  of  various  pieces  of  apparatus,  or  to 
consider  other  matters  of  importance  in  industrial  organizations  and 
works  management.  This  course  continues  the  college  work  and  is 
carried  on  under  the  direction  of  instructors  who  have  made  a  special 
study  of  the  apparatus  or  work  in  question. 


FIG.    2 — THE   PENNANT   ROOM 


Greater  Pittsburgh  is  noted  for  the  number  and  variety  of  its 
manufacturing  and  industrial  plants.  The  Club  has  not  overlooked 
these  advantages,  but  maintains  a  special  excursion  committee, 
whose  duty  it  is  to  arrange  trips  to  the  various  plants  on  holidays, 
evenings  and  Saturday  afternoons.  Among  the  plants  visited 
are  the  following :  Edgar  Thompson  Steel  Works,  Power  Plant  of 
the  Pittsburgh  Railways  Company,  the  Pressed  Steel  Car  Company, 
Universal  Portland  Cement  Company,  Standard  Underground  Cable 
Company,    National    Tube     Company,    Bell    Telephone    Company, 
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United  Engineering  &  Foundry  Company,  American  Steel  &  Wire 
Company,  the  Allegheny  County  Light  Co.,  the  Homestead  Steel 
Works,  the  McClintock-Marshall  Construction  Co.,  the  City  Fil- 
tration Plant,  and  various  others,  including  several  electrically-oper- 
ated coal  mines. 

The  social  features  appeal  especially  to  the  young  man  just  out 
of  college.  Dances  and  smokers  are  of  frequent  occurrence  and 
musicals  are  given  during  each  year  by  the  orchestra,  mandolin  and 
glee  clubs,  with  the  idea  of  furnishing  entertainment  similar  to  that 
found  in  colleges. 


KIG.    3 — THE    GYMNASIUM 

One  of  the  principal  features  in  all  welfare  work  is  the  physical 
development.  The  Club  activities  are  carried  on  under  the  direct 
supervision  of  an  experienced  physical  director,  who  looks  after  in- 
dividual instruction,  as  well  as  the  various  athletic  teams.  The  gym- 
nasium floor  is  65  by  140  feet  and  the  equipment  includes  the  latest 
types  of  apparatus  for  class  and  e.xhibition  purposes,  including  a  i^> 
lap  running  track.  The  large  membership  of  college  men  provides 
a  group  of  trained  athletes  seldom  found  in  such  an  organization. 
Teams  are  supi><>rtcd  in  basket  ball,  base  ball,  track  and  tennis.  .\ 
very  successful  basket  ball  season  has  just  closed,  in  which  a  schedule 
seldom  equaled  by  any  college  team  was  carried  out.    This  was  made 
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possible  on  account  of  the  number  of  colleges  located  in  and  near 
Pittsburgh,  or  which  visit  Pittsburgh  on  trips,  and,  since  many 
members  of  the  Club  teams  are  old  college  players,  games  are 
readily  arranged.  The  track  team  contests  with  different  college 
teams  and  participates  in  various  Y.  M.  C.  A.  meets.  The  Club 
is  one  of  the  charter  members  of  the  Allegheny  County  Tennis  As- 


FIG.    4 — BASKETBALL    TEAM igi2-I3 


sociation,  matches  being  played  with  some  of  the  best  Tennis  teams 
in  the  country. 

All  of  these  various  activities  of  the  Club  assist  in  making  the 
life  of  the  young  engineer  coming  to  Pittsburgh  pleasant,  and  fur- 
nish social,  educational  and  physical  advantages  which  are  of  great 
assistance  in  developing  him  for  a  successful  career  in  his  profession. 


SWITCHBOARDS  FOR  ALTERNATING-CURRENT 
POWER  STATIONS-IV 

C.  H.  SANDERSON 
REMOTE  MECHANICALLY  CONTROLLED  SW1TCHBOARDS--Cont. 

THE  choice  of  the  proper  form  of  structure  for  the  apparatus 
which  is  to  be  remote  controlled  and  the  satisfactory  ar- 
rangement of  the  apparatus  thereon  presents  a  more  dirti- 
cult  problem  than  does  the  design  and  arrangement  of  the  panels 
themselves.  The  reason  lies  in  the  many  practical  forms  of  struc- 
ture, and  the  large  numjjer  of  arrangements  of  the  apparatus  which 
may  be  made  upon  each  of  the  various  forms.  For  example,  there 
are,  first,  the  single-throw  and  double-throw  systems.  Under  each 
of  these  the  following  arrangements  are  commonly  employed: — 


FIC.      I— WALL      MOUXTINC.     ARRA.NGK- 

MK.NT    FOR    t\-K.\CL()SKD    CIRCUIT 

BREAKKRS    ,\M)   KITS-BARS 


H(i.    2 — SKPARATK    MOl'.STING    ARKANGE- 
MKNT    WITH    HK.MK   TO    WALL 


I— Wall  MouiitiiKj — .Ml  apparatus  and  Ims-hars  citlur  mounted  directly 
on.  or  supp<irtfd  from  a  wall  of  the  building  (Fig.  l). 

* — Framework  Mituutinq — .Ml  apparatus  and  bus-bars  mounted  on  a 
framework  of  iron  pipe  or  structural  steel  shapes,  or  a  combi- 
nation of  the  two  (Figs.  J  and  3). 

3 — Combination  Wall  and  Framework  Mounting — .\s  illustrate*!  by 
Figs.  4.  5  and  6. 

4-Cpnerete  or  Masonry  Structure  .\founting— AW  apparatus  and  bus- 
bars mounted  in  cells  or  comi)artments,  as  shown  in  I'igs.  7.  «S 
and  in. 

^  ~C->mhination  Concrete  and  Structural  .Ucioi/im./  -Circuit  t.rc.ikcr< 
in  concrete,  cells,  remaining  apparatus  on  !r.  .11  fr.nm  \v..rk.  !;i:   0. 

Many  modifications  of  the.se  arrangcnicin>  arc  mi.kIc  a>  the 
conditions  and  surroundings  warrant.  Cells  of  asbestos  lumber, 
slate,  soap-stone,  moulded  concrete  or  <>\\ht  Mni.iblr  mntrrird   arc 
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frequently  used  to  enclose  all  or  a  part  of  the  circuit  breaker  where 
schemes  i  or  2  are  employed.  The  remote  control  structure  may 
be  divided  into  two  parts ;  the  circuit  breakers,  for  example,  being 
mounted  on  the  switchboard  room  floor  with  the  bus-bars  and 
auxiliary  apparatus  mounted  in  the  room  beneath. 

CHOICE    OF    ARRANGEMENT 

The  following  apparatus  must  usually  be  considered  in  choos- 
ing a  satisfactory  arrangement : — Circuit  breakers,  bus-bars  and 
connections,  rheostats,  instrument  transformers,  fuses  for  potential 


FIG.    3 — A    MOTOR-GENERATOR    SUB-STATION    SWITCHING    EQUIPMENT    FOR    I  500 

VOLT  DIRECT-CURRENT  RAILWAY 

Showing  arrangement  of  starting  and  main  alternating  current  bus  bars 
(Piedmont  Traction  Co.),  and  assembly  of  all  disconnecting  switches  and  in- 
strument transformers  on  the  tubular  framework.  The  control  for  rheo- 
stats, as  well  as  circuit  breakers,  is  taken  beneath  a  section  of  removable 
flooring.  The  direct-current  circuit  breakers  are  also  remote  controlled  from 
the  middle  section  of  the  board,  the  switches  being  mounted  on  separate  bases 
at  the  rear,  near  the  top  of  the  board. 

transformer  primaries  and  for  main  wiring  when  employed,  and  dis- 
connecting switches.  Before  a  proper  choice  can  be  made,  a  com- 
plete diagram,  including  all  main  wiring  and  all  of  the  above  ap- 
paratus should  be  carefully  made,  according  to  the  system  of  con- 
nections which  has  been  adopted  for  the  installation  under  con- 
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sideration.  From  this  wiring  diagram  should  be  selected  the  cir- 
cuit which  presents  the  most  complications ;  that  is,  the  greatest 
number  of  disconnecting  switches,  instrument  transformers,  etc., 
and,  with  the  various  practical  forms  of  structure  in  mind,  an 
arrangement  should  be  worked  out  for  this  unit  of  the  structure. 
If  the  remaining  circuits  have  the  same,  or  a  less  number  of  mem- 
bers in  the  same  relative  location  in  the  circuits  as  regards  the 
oil  circuit  breakers,  the  problem  is  solved  and  the  remainder  of 
the  work  is  simply  duplication.  If  the  members  in  some  circuits 
appear  in  other  locations   than   those   in   the   circuit   chosen,   each 

differing  unit  must  be  worked 
out  individually,  with  a  view, 
however,  of  forming  them 
into  a  symmetrical  and  uni- 
form structure.  The  choice 
of  arrangement  depends  upon 
the  capacity  of  the  station,  the 
cost,  the  available  space,  the 
voltage,  the  type  of  circuit 
breaker  chosen  and  the  cur- 
rent capacity  of  individual 
circuits. 

DISCUSSION 

The  capacity  of  the  station, 
that  is,  the  entire  amount  of 
energy  which  can  be  concen- 
trated on  the  bus-bars,  decides 
the  capacity  of  circuit  breaker 
to  be  used  and  the  capacity 
and  design  of  tiie  bus-bars, 
connections  and  auxiliary  ap- 
I)aratus.  The  comparative  costs  of  the  various  arrangements  arc 
iiKlicated  approximately  in  Table  I,  the  costs  given  covering  in 
each  case,  all  framework,  (two  uprights)  or  concrete,  and  mount- 
nigs  for  one  three-pole  circuit  breaker  with  instrument  transform- 
ers, etc.,  and  with  remote  control  mechanism  ;  in  other  wordi>,  all 
material  which  must  be  added  to  the  self-contiiiK  d  type  of  l^o.ird  to 
make  it  remote  controlled. 

It  shoulfl  be  remembered  that  wall  arrangements  such  a- 
shown  in  Fig.  i  tnay  be  more  costly  than  the  separate  arrangement 
shown  in  Fig.  2,  if  large  windows,  whicii  must  be  bridged  by  steel 


FIG.    4 — COMBINATION    WALL    AND    FRAME- 
WORK    MOUNTED     STRUCTURE 

For  heavy  current  capacity  at  low 
vtiltage.  Similar  to  arrangement  shown 
in  Fig.  6.  Inexpensive  arrangement  of 
control  mechanism.  Space  back  of 
board  entirely  free  from  main  current 
carrying  parts. 
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work,  occur  back  of  the  board.  Concrete  or  masonry  structures 
may  add  considerable  to  the  cost  of  floor  construction  and  support 
on   account   of   their  great   weight.     The   wall   mounting  arrange- 

TABLE  I 

Wall    mounting    (Fig.    i)    including   I-beam   supports 

for    remote    control    mechanism $  8.00 

Separate    mounting    (Fig.   2)    including    I-beam    sup- 
ports   for   remote    control    mechanism    13.00 

Combination    wall    and    separate    mounting    (Fig.    4), 

including  slate   false  flooring  over  mechanism...    10.50 
Combination  pipe  and  concrete  structure   (Fig.  9)...   35.00  to  $  40.00 

Wall  supported   concrete  structure    (Fig.  8) 75.00  to    100.00 

Separate  concrete  structure   (Fig.  7) 75-00  to    100.00 


FIG.    5 LARGE    REMOTE-CONTROLLED    SWITCHb6aRD 

With  apparatus  arranged  similar  to  Fig.  4.     Rheostats  mounted  in  view 
of  operator  above  the  board.    (Marathon  Paper  Company.) 

ments,  shown  in  Figs,  i  and  8  occupy  the  least  space  but  have  the 
disadvantage  of  giving  accessibility  from  one  side  only.  For  this, 
reason  and  because  of  the  great  increase  in  available  space  for 
mounting  various  members  of  the  assembly,  the  separate  mounted 
structures  are  preferred  where  space  can  be  found.  Fig.  4  shows 
approximately  the  minimum  space  which  is  required  for  the  aver- 
age structure,  while  more  generous  space  is  provided  in  Fig.  2. 
All  high  tension  connections  and  circuit  breakers  in  Fig.  4  are  on 
that  side  of  the  supporting  framework  away  from  the  switchboard, 
and  the  remote  control  mechanism  is  of  minimum  length  and 
weight.     Moreover,  if  desired,  a  metal  screen  may  be  placed  along 


SU'ITCJIBOARPS  FOR  POU'F.R  STATIONS 


/'5 


the  structural  u])rights,  entirely  separating  the  low  tension  wiring 
and  details  on  the  back  of  the  board  from  the  high  tension  appara- 
tus, thus  insuring  the  safety  of  attendants  when  working  at  the 
back  of  the  switchboard. 

The  voltage  of  the  system  determines  the  spacing  of  the  vari- 
ous members  of  the  arrangement  and  influences  the  size  and  type 
of  the  circuit  breaker  chosen.  Moreover,  it  has  certain  influence 
on  the  arrangement  in  that  concrete  or  masonry  structures  are  not 
recommended  for  voltages  above  13  200  volts.  This  recommenda- 
tion is  due  to  the  fact 
— ^  tl^j^f  f,)j-  higher  volt- 
ages, concrete  or 
masonr}'  structures 
must  be  considered 
as  "dead  ground"  and 
therefore,  since  the 
tend  e  n  c  y  toward 
leakage  and  corona 
increases  as  the  volt- 
age increases,  safe 
spacing  distances 
would  necessitate  a 
very  large  and  expen- 
sive  structure. 

There  are  two  kinds 
of  circuit  breakers  as 
regards  their  mount - 
iiii,'^ ;  those  designed 
tor     wall     or      p  ij)  e 

KIC.    6— F..\I)    VIEW    OF    KEMOTF.-COXTKOLLEI)     SWITCH-       r  ,•  , 

BOARi.  sHcmx  IN  FIG.  5  ^^ame  mountmg    and 

I-al.sc  flooring  over  control  mechanism  not  shown,   those  for  cell  mount- 
ing.    .\ny  of  the  former  may  be  enclosed  in  cells  if  desired,  as  shown 
in  I'ig.   1.     y^y  the  latter  is  meant  those  circuit  breakers  assembled 
from  unit  poles,  each  pole  being  designed  to  occupv  a  separate  <  -l' 
as  shown  in  Fig.   lo. 

The  current  ca|)acit\  of  the  individual  circuits  determines  the 
size  of  the  circuit  breaker,  and  the  nature  of  the  connection-^  be- 
tween circuit  breaker  and  bus-bars ;  that  is.  whether  solid  wire, 
copper  rod,  cable  or  copper  straps  must  be  used.  Moreover,  the 
current  capacity  determines  the  type  of  current  transformers. 
Those  shown  in  Figs,    i   and  j  are   for  small  current  capacity  and 
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require  special  mounting,  whereas  those  shown  in  Fig.  4,  for  large 
current  capacity,  are  designed  to  slip  over  the  laminated  strap  con- 
nections and  do  not  require  special  support. 

THE    REMOTE    CONTROL    MECHANISM 

The  control  mechanism  which  is  used  to  the  practical  exclu- 
sion of  all  others  for  switches  and  circuit  breakers  consists  of  a 
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^Location 
T-]of  second 
-^set  of 
disconnecting 
switclies 
Aif  used 


FIG.    7 — CONCRETE    OR     MASONRY    ENCLOSED     SEPARATE    MOUNTING     STRUCTURE 

Typical  arrangement  of  apparatus  and  bus  bars.  13  200  volt  apparatus 
shown.  Self-supporting  and  accessible  from  both  sides.  May  be  entirely 
enclosed  by  use  of  cell  doors. 

FIG.    8 — WALL    MOUNTING    CbNCRETE    OR    MASONRY    ENCLOSED    STRUCTURE 

13  200  volt  apparatus  shown.  Requires  but  little  space.  Accessible  from 
one  side  only.     Provides  space  for  but  one  set  of  disconnecting  swithces. 

FIG.    9 — COMBINATION    CONCRETE    OR    MASONRY    AND    PIPE    FRAMEWORK 
STRUCTURE  ;    SELF-SUPPORTING 

Comparatively  inexpensive  construction,  is  of  less  width  than  arrange- 
ments of  Figs.  7  and  8,  but  live  parts  are  unprotected.  6  600  volt  appa- 
ratus shown. 

series  of  levers  and  rods.  The  direction  of  the  operating  force 
is  always  linear,  changes  in  direction  being  made  by  means  of 
short  levers  rotating  on  a  fixed  fulcrum,  commonly  known  as 
"bell  cranks"  (Figs.  11  and  12).  A  handwheel  and  rotating  shaft, 
with  bevel  gears  or  universal  joints  for  changing  direction  of  mo- 
tion are  used  to  a  considerable  extent  by  foreign  manufacturers 
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and  to  a  small  extent  in  this  country.  The  use  of  one  or  the  other 
is  influenced  to  a  certain  extent  by  the  design  of  the  apparatus  to 
be  controlled,  that  is,  whether  the  motion  of  its  moving  parts  is 
linear  or  rotary.  The  first  described  mechanism  is,  however,  much 
cheaper,  as  less  expensive  materials  may  be  used  and  very  little  ma- 
chine work  is  required.  Moreover  it  lends  itself  more  readily  to  the 
application  of  automatic  action,  especially  where  the  latch  and  trip 
coils   are  located  at   the   operating  handle.     The   connecting   rods 

(Figs.  Hand  12)  are  commonly 
made  of  three-fourths  inch  gas 
pipe,  as  it  is  cheap  and  usually 
easy  to  obtain,  and  is  naturally 
well  suited  for  the  purpose. 
Wooden  rods  are  sometimes 
used  because  of  their  light 
weight,  and  in  some  cases,  such 
as  for  field  switches  or  discon- 
necting switches,  on  account  of 
their  insulating  properties. 

Mechanisms  for  automatic  cir- 
cuit breakers  are  of  two  kinds ; 
those  in  which  the  mechanism  is 
stationary  during  automatic  trip- 
ling of  the  circuit  breaker,  in 
which  case  the  circuit  breaker  is 
said  to  trip  free  from  the  mech- 
anism, (Fig.  12).  and  those  in 
which  the  mechanism  returns  to 
the  open  ix)sition    (Fig.    11)    at 

msr  structure.     Two   complete   circuit   the  time  of  opening  of  the  cir- 

l.reakcr   units    shown.     (Used    bv    De-         .         ,„,       ,       ,        **, 

vclopment  &   l-unding  Company!)  ^'"'^-       ^  '^c   latch    and     trip   coils 

may  be  mounted  at  the  cir- 
cuit breaker  for  both  kinds,  but  it  is  most  usual  with  the 
latter  kind  to  mount  them  at  the  operating  handle.  The  arrange- 
ment of  mounting  the  trip  coils  and  latch  at  the  control  handle  with 
the  control  mechanism  and  breaker  both  tripping  free  from  the 
handle  is  the  one  most  commonly  used.  The  trip  coils,  or  relays 
if  used,  are  usually  actuated  by  the  same  current  transformers 
which  operate  the  ammeter,  and  this  arrangement  pcnnits  all  sec- 
ondary wiring  from  the  current  transformers  to  be  made  at  the 
switchboard.     Moreover,  as  the  auxiliary  lever  (Fig.  11)  indicates 


■■pnm 


FIG.     10 — OIL     CIRCLIT     BREAKER     STRUC- 
TURE CORRESPONDING   TO   FIG.   8 

ShowinR  front  view  of  wall  mount- 
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the  open   or   closed   position  of   the   circuit   breaker,    the  operator 
does  not  require  a  signal  device  at  the  switchboard  for  this  pur- 


FIG.     II — REjMOTE    control     MECHANISM     WITH     LATCH    AND 
TRIP    COILS    AT    THE    HANDLE 

Mechanism  moves  when  oil  circuit  breaker  opens,  the 
auxiliary  handle  lever  tripping  free  from  the  handle  while 
the  main  handle  lever  remains  in  lower  position.  Mechan- 
ism shown  just  after  tripping. 


FIG.     12 — REMOTE    CONTROL    MECHANISM    WITH    LATCH    AND    TRIP 
COILS    AT    THE    CIRCUIT    BREAKER 

The  mechanism  does  not  move  when  breaker  opens  auto- 
matically. Automatic  action  of  the  breaker  is  indicated  at 
the  lioard  by  some   form  of   signal   device. 

pose.  Where  the  distance  from  the  switchboard  to  the  circuit 
breaker  is  considerable,  however,  it  is  advisable  to  place  the  trip 
coils,  latch,  and  relays,  if  used,  at  tlie  circuit  breaker  so  that  the 
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the  latter  will  trip  free  from  the  heavy  mechanism.  In  this 
case  an  indicating  device  at  the  switchhoard,  such  as  a  lamp  or 
mechanical  signal,  is  desirahle  even  though  the  instruments  may  in- 
dicate, to  a  certain  extent,  the  condition  of  the  circuit.  A  long 
heavy  mechanism  will  considerahly  increase  the  inertia  of  the  mov- 
ing element  and  consequently  slow  down  the  action  of  the  circuit 
hrcaker.  If,  therefore,  this  form  of  mechanism  must  he  used,  an 
accelerating  device,  such  as  a  spring,  comhined  with  a  dash-pot  to 


l^li 


Kl<;.     13 — SUB-ST.MION    ARRAN(iEMF..\T    OF    SWITCHHOARP 

hicluclinf,'   remote   control    IiIkH   tension    Iircaker,    l>us-l>ars,   trans- 
formers, liK'itniiiis'   arresters,  choke  coils   and  disconnectinjs'   switches. 

ahsorb  the  shock  of  opening,  should  he  ai)plicd  to  regain  the  in- 
herent speed  of  the  hrcaker.  A  heavy,  stitT  spring  is  often  intro- 
duced into  till-  mechanism  where  the  trip|)ing  mechanism  is  at  ihc 
switchlx)ard  panel,  to  give  a  greater  degree  of  ne.xihility.  insuring  a 
good,  (lependahle  pressure  on  the  contacts 

Most  mechanisms  have  considerable  rte.\ii)ihiy.  iiowever.  owing 
tt)  tile  manner  in  which  they  arc  supported,  and  therefore  the  spring 
need  not  he  used  except  on  short  rigid  runs  of  mechanisms  and 
where  the  connection  is  made  direct  to  flu>  circuit  hrcaker  witluait 
the  use  of  bell  cranks. 


SHOP    TESTING    OF     ELECTRICAL     APPARATUS 

IV— GENERAL  TESTS  OF  DIRECT-CURRENT  MACHINES 

BEFORE  starting  a  test  run  on  any  new  apparatus  a  careful 
mechanical  inspection  should  be  made.  The  bearings  should 
be  examined  to  make  certain  that  the  oil  is  at  the  proper 
height  in  the  gauges ;  the  air-gap  must  be  uniform  and  free  from 
obstructions,  and  all  pulleys  securely  fastened  to  their  shafts. 

SETTING    OF    BRUSHES    AND    BRUSH-HOLDERS 

The  position  of  the  brushes  and  brush-holders  of  direct-current 
machines  demands  careful  attention.  The  brushes  should  make  the 
specified  angle  with  the  commutator,  and  run  with  or  against  it, 
according  to  the  requirements  of  each  particular  case.  The  lower 
edges  of  the  brush-holders  should  be  about  one-eighth  inch  from 
the  surface  of  the  commutator.  The  brush  arms  must  be  equally 
spaced  around  the  commutator.  In  order  to  check  the  spacing,  a 
narrow  strip  of  paper  or  ticker  tape  should  be  wrapped  around  the 
commutator  under  the  brushes,  care  being  taken  that  it  is  parallel  to 
the  edge  of  the  commutator.  A  mark  is  made  on  the  paper  along 
the  front,  or  toe,  of  each  row  of  brushes,  as  well  as  a  number  to 
identify  the  brushes.  The  paper  is  then  removed  and  the  distance 
between  the  marks  measured.  If  these  distances  are  not  equal,  the 
brush  arms  or  holders  should  be  adjusted  till  the  spacing  is  correct ; 
the  variation  should  not  exceed  one-sixteenth  of  an  inch,  and  for 
commutating-pole  machines  one-thirty-second  of  an  inch. 

The  carbon-holder  springs  should  be  adjusted  so  that  the  pres- 
sure on  all  brushes  is  uniform.  The  degree  of  tension  desirable 
varies  to  some  extent,  depending  on  the  size  and  speed  of  the  ma- 
chine and  the  service  to  which  it  is  subjected.  Carbons  running  on 
slip  rings  will  maintain  good  contact  with  one  and  one-half  pounds 
pressure  per  brush ;  those  running  on  railway  motor  commutators 
need  from  four  to  five  pounds;  two  to  two  and  one-half  pounds 
is  perhaps  a  fair  value  in  the  case  of  the  average  machine.  In  gen- 
eral the  tension  should  be  as  light  as  possible  and  yet  maintain 
proper  contact  with  the  commutator  at  all  times.  Carbons  should 
be  carefully  sand-papered  so  that  the  entire  face  of  the  brush  is  in 
contact  with  the  commutator.  The  paper  should  be  gripped  by  the 
edges  and  held  firmly  against  the  surface  of  the  commutator  during 
the  grinding,  special  care  being  taken  that  the  edges  of  the  brushes 
are  not  rounded  ofif.  On  the  finishing  strokes  the  grinding  should 
be  done  with  fine  sand-paper,  and  only  in  the  direction  of  rotation, 
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the  brush  being  Hfted  for  the  return  stroke.  If  this  operation  is 
carefully  performed  the  brushes  should  polish  up  to  a  perfect  sur- 
face after  a  few  hours  running.  However,  in  some  cases  it  may 
be  necessary  to  run  certain  brushes  for  several  hours  under  heavy 
tension  to  obtain  the  proper  contact. 

COMMUTATOR 

The  commutator,  to  be  in  good  operating  condition,  should  run 
true  and  have  a  smooth  polished  surface  free  from  high  bars,  high 
mica,  or  any  other  unevenness.  It  should  remain  in  this  condition 
indefinitely  unless  injured  by  excessive  heating  or  sparking  due  to 
abnormal  operating  conditions.  Commutators  are  commonly  sub- 
jected to  a  seasoning  process  by  the  manufacturer,  consisting  in 
alternately  heating  and  tightening  the  commutator  until  all  volatile 
substances  in  the  mica  bond  have  been  driven  off  and  the  bars  them- 
selves have  become  permanently  seated.  The  smaller  commutators 
are  seasoned  by  gas  heat  during  the  building  process,  but  the  larger 
sizes  are,  in  addition,  seasoned  electrically  after  the  machines  are 
complete.  In  the  electrical  process,  the  heating  effect  is  obtained 
by  short-circuiting  the  terminals  and  exciting  the  field  so  that  a 
heavy  current  will  flow  through  the  commutator  bars.  The  amount 
of  excitation  required  will  be  small.  In  commutating-pole  machines 
the  commutating  winding  should  be  left  in  series  with  the  armature 
on  short-circuit.  This  will  permit  a  much  higher  current  to  circu- 
late before  the  point  of  injurious  sparking  is  reached. 

In  starting  the  machine,  care  must  be  taken  that  the  brushes 
are  on  the  neutral  position ;  otherwise  the  machine  may  build  up  a 
dangerous  current  as  a  series  generator.  To  prevent  damage  from 
this  source,  a  circuit-breaker  should  i)e  in  scries  with  the  armature 
and  conunutating  poles.  With  this  connection  the  separate  excita- 
tion of  the  shunt  field  will  probably  not  be  required,  the  current 
being  controlled  by  shifting  the  brushes  very  slightly  away  from 
neutral.  The  tension  on  the  brushes  should  be  high,  so  that  their 
friction  will  increase  the  healing  effect.  A  spare  set  of  carbons 
should  be  used  in  this  test  as  the  rough  commutator  and  sparking 
will  probably  injure  a  regular  set.  In  order  that  any  minor  de- 
fects may  become  more  pronounced,  commutators  should  be  run  at 
20  percent  over-speed  during  the  seasoning  process.  If  any  of  the 
bars  show  a  tendency  to  rise,  the  "V"  rings  should  be  tightened 
while  the  machine  is  still  hot.  It  may  he  necessary  to  repeat  the 
heating  process  several  times  before  the  bars  are  firmly  seated.  The 
commutator  should  then  be  turned  down  or  ground  until  it  is  ia 
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good  condition.  A  good  polish  may  be  obtained  by  running  several 
hours  with  hard  brushes  under  heavy  tension,  occasionally  oiling 
the  commutator  sparingly  with  heavy  cylinder  oil. 

Commutation — Whether  the  commutation  characteristics  of  a 
machine  are  good  or  bad  is  indicated  by  the  degree  of  sparking  at 
the  commutator.  A  well  designed  machine  in  good  condition  should 
show  no  sparking  when  run  at  full  load,  and  its  commutator  should 
tend  to  polish  and  not  blacken  or  burn. 

POLARITY   TESTS 

There  are  three  classes  of  polarity  tests:  i — Those  to  de- 
termine the  relative  polarity  of  the  field  poles ;  2 — Those  to  de- 
termine whether  the  series  and  shunt  coils  on  the  same  pole  are 
correctly  wound  and  connected ;    3 — Tests  on  commutating-poles. 

A  simple  method  of  checking  the  polarity  of  adjacent  field- 
poles  is  to  excite  the  coils  and  try  the  magnetic  pull  between  each 
two  poles  by  means  of  an  iron  bar.  Should  there  be  a  reversed 
coil  on  any  pole,  the  fact  will  be  indicated  by  a  greatly  decreased 
pull  on  the  bar  when  held  between  that  pole  and  those  adjacent. 
For  large  machines  having  series  fields  this  method  is  not  satis- 
factory, as  an  excessive  current  is  required  to  excite  the  poles  suf- 
ficiently to  detect  the  difference  in  pull.  In  such  cases  the  use  of 
a  compass  is  resorted  to,  the  compass  being  passed  slowly  around 
the  poles  in  order.  If  the  polarity  is  correct,  the  needle  will  reverse 
its  position  as  it  is  moved  from  one  pole  to  the  next.  For  this 
test,  a  very  weak  current  should  be  used  to  excite  the  poles,  as 
otherwise  the  polarity  of  the  compass  may  be  changed  and  the  value 
of  the  results  destroyed.  When  a  generator  is  being  tested,  it  is 
often  more  convenient  to  run  it  under  load  and  short-circuit  each 
series  coil  in  succession  with  a  heavy  jumper,  watching  the  terminal 
yoltage,  which  should  decrease  as  each  coil  is  cut  out. 

If  it  is  not  convenient  to  use  any  of  the  above  methods  in 
checking  the  relative  polarity  of  shunt  and  series  coils  on  a  com- 
pound machine,  the  correctness  of  the  field  connections  may  be  de- 
termined by  starting  the  machine  first  as  a  compound  motor,  and 
then  as  a  series  motor,  and  noting  the  direction  of  rotation.  For 
a  generator  or  a  differentially  connected  motor,  the  rotation  should 
be  in  opposite  directions,  while  for  a  motor  of  standard  connection 
the  direction  of  rotation  should  be  the  same  for  both  conditions. 

Commiitating  Poles — For  generators,  the  commutating  pole 
ahead  of  a  main  pole  in  the  direction  of  rotation  must  be  of  the 
opposite  polarity  frgm  that  main  pol^,  while  for  motors  the  commu- 
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tating  pole  ahead  <)\  a  main  pole  inu^t  he  the  same  polarity  as  the 
main  pole,  as  shown  in  T'ig.   i. 

POSITION'   OF   BRUSHES 

1m  ir  every  direct-current  machine  a  position  of  the  brushes  may 
he  found,  such  that  the  voltage  generated  in  the  coils  slK^rt-circuited 
by  the  brushes  will  be  a  minimum.  This  is  called  the  neutral  posi- 
tion. For  machines  without  commutating  poles  this  position  shifts 
with  the  load  and  the  brushes  should  be  shifted  accordingly  to  ob- 
tain the  best  operating  conditions.  However,  as  this  is  not  prac- 
ticable in  most  cases,  the  brushes  are  commonly  set  in  the  best  aver- 
age position.  All  such  positions  are  referred  to  as  being  so  many 
bars  ahead  of  no-load  neutral  for  generators  and  back  of  no-load 
neutral  for  motors.  In  case  of  properly  compensated  commutating- 
pole  machines  the  neutral  does  not  shift  with  the  load,  the  effect  of 
the  commutating-pole  being  to  neutralize  the  shifting  tendency.  In 
such  cases  the  brushes  should  always  be  left  on  the  no-load  neutral 

position.  There  are  a 
number  of  methods  of 
detemiining  the  position 
of  this  no-load  neutral. 
Voltmeter  Method — 
.ARiTYOFcoMMUT.\TiNG  AM.  With  the  uiachiue  oper- 

CKN'KRATOKS    AND    MOTORS  .  ,  , 

atmg  at  normal  voltage 
and  no-load,  two  leads  from  a  low  reading  \-oltmeter  si)aced 
the  width  of  one  commutator  bar  apart  are  held  on  the  commutator. 
They  are  slowly  moved  around  the  comnuitator  until  a  position  of 
mininuim  reading  is  obtained,  this  being  the  no-load  neutral.  Th«. 
same  method  is  ap])lical)le  for  determining  the  correct  brush  pi>si- 
tion  under  any  condition  of  load,  and  this  determines  the  correct 
amount  of  lag  or  lead  to  give  the  brushes  in  a  non-commutating- 
pole  machine.  This  method  is  simple  and  is  sutViciently  accurate 
for  any  non-commutating  pole  machine,  and  is  sometimes  used  for 
small  commutating  pole  machines.  I'or  commutating-pole  ma- 
chines, however,  a  more  accurate  setting  of  the  bni-h<  .,  fh.m  c:\n 
l>c  obtained  by  this  method  is  usually  reciuired 

The  "Kick  Method,"  giving  the  so-calle<l  "Kick  Xeutral."  is 
based  on  the  fact  that  when  the  field  circuit  of  any  direct-current 
machine  is  opened,  an  induced  voltage  is  goncratc<l  in  the  armature 
windings.  I'.efore  starting  the  test  the  brushes  should  be  set  as 
close  as  possible  to  the  neutral  position.  This  can  be  determined 
by  setting  an  amiature  slot  under  the  center  »)f  the  conunutatitig- 
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pole  and  then  moving  the  rocker  ring  until  the  brushes  on  one  arm 
cover  the  commutator  bars  which  are  connected  to  the  conductors 
in  this  slot.  All  the  brushes  should  be  removed,  and  a  brush  whose 
face  has  been  bevelled  to  practically  a  knife-edge  at  the  middle  of 
the  brush  should  be  inserted  in  one  brush-holder  on  each  arm.  The 
shunt  field  is  separately  excited  and  controlled  by  a  quick  break 
switch  or  circuit  breaker.  The  kick  on  a  voltmeter  connected  across 
brush  arms  of  opposite  polarity  is  observed  when  the  field  circuit 
is  interrupted.  A  meter  with  a  0.5,  1.5  and  15-volt  scale  is  to  be 
preferred  for  this  purpose,  as  it  can  readily  be  adapted  to  the  deflec- 
tion registered.  If  the  brushes  are  in  the  exact  neutral  position,  the 
voltages  generated  in  the  windings  will  neutralize  each  other  and 
no  deflection  of  the  needle  will  be  observed.  If  any  deflection  is 
noted,  the  rocker  arm  should  be  moved  until  the  circuit  in  the  main 
field  may  be  either  opened  or  closed  without  any  kick  being  observed. 
It  should  then  be  clamped  firmly  in  that  position,  chisel  marks  being 
made  on  both  the  rocker  ring  and  the  frame  as  a  means  of  identifi- 
cation in  case  the  ring  should  happen  to  be  moved. 

The  "Running  Neutral"  Method  is  based  on  the  principle  that 
if  the  brushes  are  in  the  correct  no-load  neutral  position,  no  active 
electromotive-force  will  be  generated  by  the  commutating-pole  flux 
when  the  machine  is  running  on  open  circuit,  with  the  commutating 
windings  separately  excited.  Pointed  brushes  are  inserted,  one  in 
each  arm,  as  in  the  "Kick  A/[ethod,"  except  that  the  edges  of  the 
brushes  must  be  wide  enough  to  cover  the  mica  between  the  seg- 
ments and  to  give  a  'good  even  contact  on  the  commutator.  For 
accuracy  this  method  requires  that  there  be  no  residual  magnetism 
in  the  main  field.  The  machine  is  therefore  brought  up  to  approxi- 
mately normal  speed,  and  by  exciting  the  machine,  for  an  instant 
only,  in  a  direction  contrary  to  normal,  it  is  demagnetized  entirely ; 
that  is,  until  no  deflection  shows  on  the  low  scale  of  the  voltmeter. 
Any  deflection  then  obtained  by  exciting  the  commutating-poles  will 
be  due  to  the  flux  from  these  poles  only  and  not  to  a  combination 
of  the  two.  The  commutating-poles  are  then  excited  to  about  two 
percent  of  their  normal  current  and  the  brushes  shifted  until  no 
deflection  is  obtained  on  the  low  scale  of  the  voltmeter.  The  resid- 
ual magnetism  must  be  checked  from  time  to  time,  keeping  it  at  as 
low  a  value  as  possible  by  proper  excitation  of  the  shunt  field.  After 
determining  the  best  location  for  the  brushes  at  this  excitation, 
raise  the  commutating-pole  current  to  about  four  percent  of  normal 
aqd  ch??k  results,     \i  x\Q  difference  is  found,  reverse  th?  current 
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in  the  commutating-pole  and  try  again,  still  checking  the  residual 
from  time  to  time.  In  some  cases  higher  currents  may  be  used,  but 
the  leakage  flux  soon  becomes  large  enough  to  destroy  the  symmetry 
of  the  normal  field  form  and  indefinite  results  will  be  obtained. 

This  method,  if  used  carefully,  gives  very  good  results.  The 
position  of  the  brushes  is  at  the  peak  of  the  commutating-pole  field 
form,  and  as  this  peak  is  rather  sharp,  the  effect  of  displacement 
will  be  marked.  Since  the  machine  is  running,  errors  due  to  brush 
resistance  or  to  a  brush  resting  on  mica  only,  are  eliminated.  It  is 
to  be  preferred  to  the  "kick  method"  in  most  cases,  but  either 
method  should  give  the  same  result.  If  any  discrepancy  is  found, 
the  spacing  of  the  poles  or  brush  arms  is  in  error  and  should  be 
investigated  before  preceding  further  with  the  test.  Both  these 
methods  show  the  resultant  or  average  neutral  position  due  to  all 
the  commutating-poles  and  brush  arms,  whereas  by  the  voltmeter 
method  slightly  different  locations  may  be  found  for  each  pole 
and  brush  arm  and  the  average  position  must  be  taken. 

The  Running  Position  of  the  Brushes — Non-commutating  pole 
machines  that  are  to  be  operated  at  constant  speed  in  one  direction 
only  should  have  the  brushes  set  slightly  off  the  neutral  position, 
forward  for  generators  and  backward  for  motors.  For  machines 
under  100  kilowatts,  this  lead  will  ordinarily  be  about  1.5  percent 
of  the  total  numl^er  of  bars  in  the  commutator.  In  larger  sizes,  as 
well  as  in  special  cases  in  the  smaller  sizes,  the  running  position  is 
determined  by  giving  the  brushes  as  large  a  lead  as  possible  to  ob- 
tain good  commutation  at  no-load,  but  the  brushes  must  not  be 
moved  farther  than  the  full  load  neutral  point  as  determined  by 
the  voltmeter  method.  For  adjustable  speed,  non-commutating-pole 
motors,  the  lead  at  running  position  is  approximately  0.75  percent 
of  the  total  number  of  bars  in  the  connnutator.  C)n  all  motors 
which  are  operated  in  both  directions,  the  running  position  is  the 
nn-load  neutral  point. 

The  running  position  of  the  brushes  of  commulating-polc  ma- 
chines is  the  no-load  neutral  position  as  found,  for  large  machines, 
by  the  methods  previously  described.  In  the  case  of  small  ma- 
chines, s.ich  elaborate  methods  are  not  necessary  and  the  neutral 
is  checked  by  running  the  machine  as  a  motor  at  its  highest  rated 
speed  and  normal  load  in  both  directions  of  rotation.  The  speeds 
obtained  in  either  direction  under  the  same  conditions  should  check 
within  two  percent.  When  it  is  impossible  to  run  the  machine  at 
its  highest  rated  speed  and  load  on  account  of  instability,  the  rocker 
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arm  should  be  adjusted  at  the  highest  speed  and  load  obtainable 
with  stable  conditions.  In  the  case  of  small  commutating-pole  gen- 
erators, the  brush-holders  should  be  so  located  that  the  machine  will 
give  the  same  regulation  in  both  directions  of  rotation.  In  all  test:i 
for  determining  the  correct  position  of  the  brushes  by  reversing 
the  rotation  of  the  machine  under  test,  special  care  must  be  taken 
that  the  brushes  fit  their  holders  properly  and  that  their  faces  have 
contact  with  the  commutator  at  practically  all  points,  irrespective 
of  the  direction  of  rotation.  The  difficulty  in  getting  perfect  brush 
contact  may  be  overcome  by  using  special  narrow  brushes  which 
will  give  practically  the  same  contact  irrespective  of  the  direction 
of  rotation.  The  rocker  arm  position,  when  finally  determined  as 
above,  should  be  marked. 

Adjustment    of    Coiiimutating    Pole    Field — The    commutating 

fields  of  all  motors  and  genera- 

Low  Peading  Volt  Meter  <-» 

tors  must  be  adjusted  so  that  the 
current  is  distributed  properly 
over  the  entire  face  of  the 
brush,  as  shown  by  the  potential 
from  the  brush  to  the  commuta- 
tor with  the  machine  running  at 
normal  load  and  speed.  The 
brush  drop  must  be  measured 
from  the  carbon  holder  to  four 
equi-distant  points, — heel,  toe 
and  two  intermediate  points  on 
the  commutator,  directly  under 
the  brush.  The  heel  of  the 
brush  is  that  edge  which  the  commutator  bars  touch  first  when  the 
machine  is  running  in  the  proper  direction  of  rotation.  The  readings 
of  brush  drop  should  be  taken  in  the  direction  of  rotation,  i.  e.,  from 
the  heel  to  the  toe.  When  the  potential  decreases  from  the  heel  to 
the  toe,  the  commutating-pole  field  is  too  strong  (over-compen- 
sated), and  shovdd  be  shunted,  or  the  number  of  turns  in  the  coils 
reduced  (except  as  noted  below).  When  the  potential  increases 
from  the  heel  to  the  toe,  the  commutating-pole  field  is  too 
weak  (under-compensated).  The  foregoing  conditions  are  illus- 
trated in  Fig.  2,  in  which  curve  A  illustrates  the  first  case,  curve  C 
the  second,  and  curve  B  the  correct  condition.  The  field  should  be 
adjusted  so  that  at  normal  load  it  will  be  slightly  over-compensated, 
as  this  will  take  care  of  the  saturation  of  the  iron  at  the  maximum 
overloads.      When   the   commutating-pole   field   has   been   properly 
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adjustc'il.  tlu'  cdmimitriliiiii  up  to  75  or  100  percent  overload  should 
still  l)C  j^ood.  except  possibly  for  a  slight  glowing  of  the  brushes. 
Stability — The  operation  of  all  motors  must  be  checked  for 
stability.  In  the  case  of  constant  speed  motors  this  lest  ctjnsists  in 
throwing  200  percent  load  on  and  off  with  full  field  on  the  Vtiotor; 
also  125  percent  load  at  150  percent  rated  speed.  This  last  test  is 
taken  at  10  percent  above  highest  rated  speed  in  the  case  of  variable 
speed  niot(trs.  In  each  case  each  test  nuist  be  made  in  i)olh  direc- 
tions of  rotation.  TIic  machine  is  unstable  if  the  sjjeed  of  the 
machine  increases  greatly,  or  the  ammeter  reading  is  'jxcessive  or 
fluctuates  widely,  due  to  partial  neutralization  of  the  shunt  field  by 


KIC.  3— rRON  LOSS  TEST  OF   .\  ROTARY  CONVERTER   SHOWING   USE  OF  TEST  TABLES 

the  comnnitating  Ikld.  In  such  cases  the  comnnUritmg-polc  field 
should  be  slnmled.  or  the  shunt  field  strengthened  by  a  few  .i-inrxMi- 
sating  turns  in  scries  with  the  armature. 

KESIST.\N(  F. 

I'he  cold  resistance  of  the  armature  "t  any  direct  current 
machine  may  be  taken  by  the  bridge  method  with  al!  the  bruNhes 
on  the  commutator.  These  should  be  ground  to  a  gix^l  fit.  and  he 
in  normal  operating  condition.  Current  is  circulated  'lir.mgh  the 
armature  windings  by  connecting  the  current  leads  of  the  bridge 
to  the  brush-holders  of  two  adjacent  brush  arms,  the  potential  leads 
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being  held  on  the  bars  nearest  the  center  of  the  brushes.  If  it  is 
desired  to  take  the  resistance  of  the  armature  hot,  the  bars  used 
should  be  marked  with  a  center  punch  and  the  hot  resistance  taken 
between  the  same  points  and  with  the  bars  in  the  same  location 
relative  to  the  brushes.  In  the  case  of  large  direct-current  machines 
it  may  not  be  convenient  to  turn  the  armature  to  conform  to  the 
above  condition,  so  that  it  may  be  necessary  to  take  a  second 
cold  resistance,  this  being  taken  in  such  a  manner  that  it  may 
readily  be  duplicated  for  the  hot  resistance  irrespective  of  the  posi- 
tion of  the  armature.  The  current  in  this  case  is  introduced  into 
the  armature  by  holding  or  fastening  the  current  leads  directly  on 
the  commutator  bars  between  which  the  drop  is  to  be  taken.  These 
bars  are  selected  a  distance  apart  approximately  equal  to  the  throw 
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FIG.    4 — DIAGRAM    OF    CONNECTIONS,    TEST   TABLE    NO.    I 

Where  many  similar  tests  are  to  be  made,  conecting  the  va- 
rious instruments  and  switches  into  the  proper  circuits  is  greatly 
facilitated  by  the  use  of  a  test  table,  permanently  wired.  The  ta- 
bles shown  in  Figs.  4  and  5,  represents  wiring  schemes  which  have 
been  found  very  convenient  in  testing  direct-current  machines. 

of  the  coils,  irrespective  of  the  position  of  the  brushes.     The  bars 
are  marked  as  before  with  a  center  punch,  two  marks  being  made 
to  distinguish  this  position  from  the  first.    The  hot  resistance  is  then 
taken  across  these  same  bars  without  reference  to  their  location. 
The  resistances  of  the  series  and  commutating-field,  being  very 
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low,  are  rather  difficult  to  measure  accurately  without  "Special  ap- 
paratus. However,  with  proper  care,  fairly  consistent  results  can 
be  obtained  with  portable  bridges  of  the  Kelvin  type;  as  high  a 
current  and  as  low  a  ratio  as  possible  should  be  used.  Where  p'rac- 
ticable,  it  is  well  to  inspect  the  machine  wiring  before  taking  the 
resistance,  making  certain  that  there  are  no  loose  connections  or 
bad  contacts.  The  resistance  of  the  shunt  field  may  be  taken  both 
by  the  Wheatstone  Bridge  and  the  drop  of  potential  method ;  the 
latter  being  used  in  connection  with  a  similar  measurement  during 
the  load  tests,  for  the  calculation  of  the  rise  by  resistance. 

FRICTION  AND  CORE  LOSSES 

The  core  loss  of  machines  is  ordinarily  determined  either  with 
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FIG.    5 — DIAGRAM    OF    CONNECTIONS,    TEST    TABLE    NO.    2 

tile  machine  driven  by  a  small  direct-current  shunt  motor,  or  with 
the  machine  operating  as  a  shunt  motor. 

Core  Loss  zvitli  a  Separate  Driving  Motor — In  obtaining  data 
for  the  core  loss  by  this  method,  the  machine  is  belted  to  a  small 
shunt  motor,  preferably  of  the  commutating-pole  type,  and  driven 
at  its  rated  full-load  speed  with  the  armature  circuit  open  and  the 
•field  separately  excited.  The  shunt  motor  used  to  drive  the  machine 
under  test  should  be  of  such  a  size  that  the  friction  los.ses  of  the 
machine  under  test  are  not  less  than  one-quarter  load  on  the  driving 
motor  and  that  the  total  losses  at  the  maximum  voltage  do  not  ex- 
ceed one  and  one-quarter  load  on  the  driving  motor.    The  pulleys 
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on  the  machines  must  be  selected  so  as  not  to  run  the  driving  motor 
more  than  15  percent  above  its  rated  speed.  The  belt  selected  should 
be  as  light  weight  as  possible  to  carry  the  maximum  loss  without 
slipping,  and  excessive  belt  tension  must  be  avoided,  as  pressure 
from  this  cause  or  from  a  heavy  belt  will  cause  increased  friction 
whidh  will  necessarily  have  to  be  charged  to  the  machine,  although 
it  is  not  a  part  of  its  normal  losses.  A  spliced  belt  should  be  used 
if  one  can  be  secured,  as  a  laced  belt,  especially  with  metal  or  patent 
lacing,  causes  the  voltmeter  needle  to  fluctuate. 

The  machine  should  be  connected  as  shown  in  Fig.  6.  Tlie 
voltage  of  the  power  supply  circuits  should  be  free  from  budden 
changes  and  easily  regulated  by  the  field  of  the  power  generator  or 
bv  a  booster  in  series  with  the  line.     Before  the  test  is  started,  all 

wiring  should  be  care- 
fully checked  and  the 
bearings  should  be  in- 
spected and  filled  to  the 
proper  level  with  oil. 
After  the  machines  are 
brought  up  to  speed  the 
field  of  the  machine  un- 
der test  should  be  ener- 
gized and  an  inspection 
_,  made  for  mechanical  de- 
^°  ^"'"'^  *  fects,  excessive  vibration, 

FIG.   6 WIRING   DIAGRAM    FOR    FRICTION    AND   IRON        ,  ,         ry,  ,    .  ,  ,   , 

LOSS    TEST    OF    GENERATOR    USING    SEPARATE  ^       •  *"    maCnme    SnOUlQ 

DRIVING  MOTOR  bc  Fuii  Until  the  brush  and 

bearing  friction  bcomes 
constant,  as  shown  by  the  ammeter  of  the  driving  motor,  and  until 
the  commutator  is  polished  and  free  from  dirt  and  oil.  Several 
readings  of  the  current  taken  by  the  driving  motor  should  be  noted 
when  the  armature  is  at  constant  speed  and  with  no  field  on  the 
generator.  The  average  of  these  is  to  be  taken  as  the  l)asis  for 
calculating  the   core  loss. 

The  fields  of  the  machine  under  test  should  then  be  excited  to 
give  about  one-fifth  normal  voltage  and  simultaneous  readings 
should  be  taken  of  the  armature  current,  armature  voltage  and  field 
current  of  the  driving  motor,  and  of  the  armature  voltage,  field  cur- 
rent and  speed  of  the  machine  under  test.  The  voltage  of  the  tested 
machine  should  then  be  increased  by  suitable  increments,  taking 
complete  readings  at  each  point,  and  occasionally  checking  the  fric- 


T/ISTLYG  or  ELECTRICAL  APPARATUS 


381 


tion  reading.      The  test  should  be  continued  up  to  35  pereeni  oxcv 
normal  voltage,  making  about  10  or  12  complete  readings. 

Friction  and  Windage — Raise  all  ])rushes  off  the  commulatoK 
of  the  machine  under  test  and  take  a  comj)lete  set  of  readings  on 
the  driving  motor;  thou  excite  the  held  of  tlic  machine  witli  ci-irient 
to  give  normal  voltage,  and  take  another  complete  set  of  rearlings. 
Then  with  the  belt  oft',  take  a  no-load  reading  on  the  driving  motor 
with  the  same  field  current  as  was  used  for  the  no-field  reading  in 
the  core  loss  test. 

Core  Loss  Zi'itli  Machine  Operating  as  a  Shunt  Motin-  —  Cuu- 
nect  the  machine  as  shown  in  Fig.  7,  to  a  circuit  in  which  rhe  voltage 
can  be  varied  from  30  percent  of  the  maximum  voltage  to  25  percent 
above  normal,  with  the  commutating-poles,  if  any,  in  series  with  the 

A  ♦         armature.     The  same  pre- 
cautions must  be  observed 
as   in   the  previous  test   to 
have  the  commutator  clean 
and   free   from  oil,   the 
brushes  on  the  no-load  neu- 
tral position,  and  to  run  the 
machine   until   the   friction 
becomes  constant.   Then  re- 
duce the  anuature  voltage 
as  low  as  possible,  holding 
the  speed  constant  by  ad- 
justing the   .shunt   field   so 
as     to     get     a     reasonably 
steady  reading  of  the  armature  current.     Adjust  the  shunt  on  the 
comniulating  winding  if  necessary  to  give  stability.    Xote  carefully 
the  field  current  necessary  to  hold  normal  speed  under  these  condi- 
tions, then  lower  it  until  the  machine  is  running  about   10  percent 
overspeed.    The  main  circuit  is  now  opened  for  a  few  .seconds,  thus 
allowing  the  residual  magnetism  in  the  field  to  die  out.     Phis  is  done 
that  the  test  may  be  made  under  a  condition  of  increasing  excita- 
tion.    The  field   should  be  excited   again  to  the   value  previously 
noted  and  the  armature  circuit  closed;  this  operation  must  be  per- 
formed before  the  speed  of  the  machine  has  dropped  much  below 
normal.     The  correct  speed  and  the  low  annature  voltage  previously 
obtained  should  then  exist  and  a  complete  reading  may  be  taken. 
Increase  the  voltage  by  suitable  increments,  adjusting  the  field  cur- 
rent at  the  same  time  so  as  to  hold  normal  speed.    Headings  should 
be  taken  up  to  25  percent  over  voltage  in  steps  of  about  10  i)erccnl. 


Com. 
Field 

^''<"--    7— WIRING    I»I.\(,R.\M     FOR    FRICTION    AND 

IRON   LOSS  TEST  WITH    GEXER.\T()R  OPF.R- 

ATING  AS   A   SHUNT    MOTOR 
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To  determine  the  brush  friction,  in  watts,  take  a  reading  at 
normal  voltage  with  all  the  brushes  raised  except  enough  to  carry 
the  armature  current,  noting  the  total  number  of  brushes  and  the 
number  of  brushes  raised. 

This  method  of  determining  core  loss  is  inherently  difficult 
unless  the  voltage  is  absolutely  constant.  It  is  usually  made  with  a 
booster  in  series  to  control  the  voltage,  but  on  account  of  the  mo- 
mentum of  the  revolving  part  any  slight  variations  in  line  voltage 
will  cause  a  large  variation  in  current,  so  that  care  must  be  taken 
that  the  machine  is  neither  accelerating  nor  decelerating  when  the 
readings  are  taken. 

Saturation — The  satunation  at  no-load  with  the  brushes  on  the 
no-load  neutral  position  is  usually  obtained  at  the  same  time  as 
the  core  loss  by  reading  the  shunt  field  current  at  the  time  the  other 
readings  are  taken.  This  test  should  be  made  with  increasing  field 
excitation  unless  otherwise  specified.  When  taking  the  saturation, 
increase  the  field  current  very  carefully  so  as  not  to  exceed  the 
desired  voltage ;  if  the  desired  voltage  has  been  exceeded,  take  the 
reading  at  this  voltage  and  proceed  to  the  next  point.  When  it  is 
absolutely  necessary  to  reduce  the  field  to  obtain  a  desired  reading, 
the  circuit  must  be  opened  for  a  sufficient  length  of  time  to  allow 
the  residual  magnetism  to  die  'away.  If  this  is  not  done,  the  effect 
of  the  residual  magnetism  from  the  higher  excitation  will  be  added 
to  the  flux  at  the  lower  value,  and  the  voltage  reading  will  be  higher 
than  that  produced  by  the  excitation  due  to  field  current  alone.  All 
saturation  curves  should  be  carried  well  over  the  knee  and  to  at 
least  35  percent  over  the  normal  voltage. 


EXPERIENCE  ON^THE  ROAD 

LEONARD   WORK 
Construction  and  Engineering  Dept.  Isthmian  Canal  Commission,  Pedro  Miguel.  C.  Z. 

IN  an  interesting  experience  with  an  alternator  some  time  ago, 
the  difficulty  was  a  failure  to  maintain  full  voltage  except  at 
very  light  li)ad.  The  machine  in  question  was  the  mainstay 
of  a  plant  supplying  the  lights  in  a  town  of  moderate  size.  It  was 
of  the  old  single-phase  compensator  type,  and  the  correctness  of  its 
design  and  construction  was  attested  by  its  long  period  of  service, 
during  which  it  had  changed  owners  and  location  repeatedly,  doing 
its  work  well  under  all  sorts  of  conditions  and  abuse.  The  same 
trouble  had  been  experienced  with  this  machine  previously,  but 
at  that  time  nothing  more  serious  was  found  than  an  incorrect 
setting  of  the  compensator  brushes,  the  effect  of  which  was  to  lessen 
the  amount  of  rectified  current  in  the  auxiliary  field.  Proper  set- 
ting of  these  brushes  remedied  the  matter,  and  there  was  no  further 
trouble  in  maintaining  voltage  for  about  a  year. 

The  conditions  which  brought  about  a  second  investigation 
were,  as  reported  by  the  manager,  a  falling  in  voltage  with  rise  of 
load ;  generator  fields  hot ;  exciter  fields  very  hot,  and  rheostat  re- 
sistance all  turned  out.  The  engineer  sent  to  investigate  this  case 
found,  as  on  the  previous  visit,  the  compensator  brushes  improperly 
spaced.  It  required  but  a  few  minutes  to  reset  these  and  to  place 
the  machine  in  service  again,  but,  contrary  to  expectations,  it  was 
seen  upon  throwing  on  a  load  that  but  little  improvement  had  been 
made.  An  ammeter  connected  in  the  auxiliary  field  circuit  showed 
the  proper  current,  and  since  a  test  of  the  coils  proved  none  of  them 
grounded  or  short-circuited,  it  was  evident  that  the  trouble  lay  else- 
where. The  heating  of  the  main  field  coils  suggested  the  possibility 
of  a  diversion  of  current  from  some  of  them  by  ground  or  short- 
circuit,  thus  necessitating  high  excitation  of  the  others,  but  an  exam- 
ination showed  them  to  be  free  from  cither  condition  and  that  they 
all  were  heating  alike.  .Armature  coil  trouble  seemed  not  without  the 
range  of  probability,  for  in  some  of  the  old  alternators  with  con- 
centrated windings  of  high  reactance  the  armatures  have  Ixjcn 
known  to  operate  for  a  considerable  time  with  one  or  more  coils 
short-circuited.  .\  test  of  these  was  made  by  connecting  the  col- 
lector rings  with  a  source  of  alternating  c.m.f.  and  ob.se^^•ing  the 
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voltage  across  each  coil  with  the  armature  at  rest,  luit  in  each 
coil  it  was  alike.     The  armature  was  not  at  fault. 

Again  returning  to  the  fields,  this  time  with  a  view  to  finding 
out  of  some  of  them  were  reversed  in  polarity,  which  would  easily 
account  for  the  failure  in  voltage,  they  were  tested  by  temporarily 
short-circuiting  each  in  turn,  but,  since  during  this  operation  the 
voltage  fell  slightly,  it  was  seen  that  each  coil  was  doing  its  work, 
and  upon  checking  the  magnetic  polarity  of  each  field  coil  with  a 
compass  they  were  found  to  be  alternately  north  and  south.  There 
seemed  little  else  to  be  tried  but  the  speed,  and  this  was  found  to  be 
normal. 

It  appeared  to  be  an  extraordinary  case.  The  armature  was 
intact,  the  speed  normal,  the  field  excitation  so  high  that  the  coils 
were  heated  to  the  limit,  and  the  load  less  than  the  rated  capacity  of 
the  machine ;  yet  it  was  impossible  to  keep  up  full  voltage.  The  one 
salient  fact  in  such  cases  as  this  is  that  there  is  always  a  cause,  how- 
ever obscure  it  may  be.  The  finding  of  the  cause  in  an  intricate  or 
difficult  case  is  largely  a  matter  of  perseverance  and  ability  on  tlie 
part  of  the  investigator  to  leave  no  points  overlooked.  Upon  inquir- 
ing into  the  character  of  the  load  carried  by  this  plant  it  was  learned 
that  formerly  the  demand  for  current  was  principally  for  lighting, 
but  that  recently  a  number  of  motors,  small  units  of  the  single-phase 
type,  had  been  connected  to  the  lines. 

The  question  of  power-factor,  which  had  not  before  been  con- 
sidered, became  at  once  of  importance  and  while  there  were,  un- 
fortunately, no  instruments  at  hand  to  determine  this  quantity,  it 
seemed  to  ofifer  a  satisfactory  explanation  of  the  cause  of  the  trou- 
ble. The  demagnetizing  efifect  of  a  lagging  current  would,  of 
course,  cause  a  reduction  of  field  flux  at  the  poles  and  consequently 
a  reduction  of  armature  voltage.  Accepting  this  theory,  it  was  next 
in  order  to  remove  the  trouble.  At  first  sight  this  appeared  to  be 
fully  as  great  a  problem  as  the  locating  of  it  had  been.  To  attempt 
to  raise  the  power-factor  was,  of  course,  out  of  the  question.  To 
increase  the  generator  speed  would  increase  the  voltage,  but  would 
also  change  the  frequency,  and  this  obviously  would  be  wrong.  An 
increase  in  field  strength  where  the  coils  were  already  heated  to 
nearly  100  degrees  C.  did  not  appear  possible.  The  question  was 
really  not  only  that  of  raising  the  generator  voltage,  but  of  reducing 
its  field  operating  temperature,  and  at  the  same  time  increasing  the 
total   field   flux ;   to   lower  the   exciter  operating  voltage   and   inci- 
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dentally  the  exciter  field  temperature.  The  whole  was  successfully 
accomplished  by  a  simj^le  change  of  field  circuits  on  the  alternator. 

It  was  noticed  that  the  exciter  whose  normal  voltage  was  125 
volts  was  operating  at  150  volts,  but  that  its  current  output  was 
only  one-half  its  rated  capacity.  It  had  also  been  observed  that 
the  wire  on  the  auxiliary  field  of  the  generator  was  about  twice  the 
size  of  that  on  the  main  fields,  and  much  heavier  than  required  for 
the  rectified  current  circulating  in  it.  From  a  survey  of  these  Cf)n- 
ditions  it  seemed  possible  to  obtain  an  increase  in  total  field  flux 
in  the  generator  by  dispensing  with  the  compensating  current  and 
sending  the  main  field  current  also  through  the  auxiliary  winding. 
According]}  the  main  field  circuit  was  re-connected  into  two  cir- 
cuits in  parallel  and  these  were  comiected  in  series  with  the  auxil- 
iary field  circuit. 

W  hen  the  machine  was  placed  in  service  again  the  result  wa> 
>een  to  be  all  that  could  have  been  expected.  It  was  possible  to 
raise  the  generator  voltage  far  above  that  required  for  full  load  ;  the 
main  field  windings,  being  in  parallel,  with  a  much  reduced  current 
in  each,  ran  cool ;  the  exciter,  operating  on  a  circuit  of  lower  resist- 
ance, required  less  than  normal  voltage,  and  its  own  fields  returned 
to  normal  temperature.  Incidentally  the  exciter  output  was  still 
below  its  capacity  and  the  auxiliary  field  winding  ran  quite  cool. 


STARTING  MILL  MOTOFS 
W.  B    LEWIS 

In(|uiry  No.  "/^j  in  the  Question;  Box  leads  me  to  cite  a  case 
(»f  mill  operation  in  which  the  motors  are  started  synchrv^nously 
with  the  turbine  generator.  When  the  plant  is  shut  down  at  night 
the  turbine  throttle  is  closed  and  the  lur])ine  stops  together  with 
all  the  motors.  In  the  morning  an  engine-driven  exciter  is  started 
and  full  excitati(jn  is  api)lied  to  the  turbine  generator  field.  The 
throttle  of  the  turbine  is  then  opened  and  all  the  motors  start  up 
with  the  generator. 

This  metlu)d  of  operation  has  been  used  for  six  years,  am! 
practically  no  switches  are  ojjcratcd  on  the  switchboard,  not  even 
the  generator  field  switch.  The  lina  current  never  exceeds  nonnal 
running  current,  and  all  mechanical  and  electrical  strains  on  the 
system  seem  to  have  been  reduced  to  a  minimum  The  method  is 
particularly  favorable  in  the  case  cite<l.  as  there  are  a  numlKT  of 
100  horse-power  .>^t|uirrel  cage  motors,  the  starting  of  which  in  the 
usual  maimer  by  means  of  an  auto-starter  w<»uld  be  more  or  less 
troublesome. 
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840— Field  Pole  Polarity— In  de- 
determining  whether  a  field  pole 
of  a  generator  is  of  north  or  south 
polarity,  is  the  end  next  to  the  ar- 
mature winding  the  end  of  obser- 
vation? 0.  M.  (iDAHO) 
The  north  pole  of  a  generator  is 
one  in  which  the  flux,  according  to 
the  usual  conventions,  passes  from 
the  pole  to  the  armature.  Accord- 
ing to  the  law  that  similar  poles  re- 
pel and  dissimilar  poles  attract  one 
another,  this  pole  would  be  the  one  in 
which  the  end  nearest  the  armature 
repels  the  north  seeking  or  positive 
pole  of  the  compass.  This  is  evi- 
dent also  from  the  convention  that 
the  positive  direction  of  flux,  which 
is  from  the  north  to  the  south  pole 
through  the  air,  is  that  in  which  the 
north  seeking  end  of  a  compass 
moves.  Confusion  arises  frequently 
from  the  fact  that  the  geographic 
north  pole  of  the  earth  is  a  magnet- 
ic south  pole.  The  north  end  of  a 
compass  points  to  the  same  pole  of  a 
generator  or  any  other  magnet  that 
it  does  of  the  earth;  namely,  the 
magnetic  south  pole.  In  testing  a 
generator,  especially  if  it  is  fully  ex- 
cited, considerable  care  must  be  exer- 
cised that  stray  fields  do  not  give 
misleading  results,  and  that  the  pow- 
erful generator  field  does  not  reverse 
the  polarity  of  the  compass  needle. 

c.  R.  R. 

841 — Testing    Interpole    Fields  — -  I 

have  four  interpole  fields  which 
were  taken  out  of  a  40  hp,  500 
volt  railway  motor.  It  is  be- 
lieved that  these  coils  are  slight- 
ly damaged  internally,  but  the 
damage  seems  to  show  only 
when  the  coils  are  hot.  I  would 
like  to  test  them  on  full-load 
current;  can  you  suggest  a  meth- 
od for  putting  in  the  necessary 
resistance   to  cut  down  the  cur- 


rent on  a  500  volt  circuit?  Some 
method  that  will  require  only 
such  material  as  can  usually  be 
found  around  a  street  railway 
repair  shop.  r.  s.  v.  (n.  y.) 

Make  three  water  rheostats  out 
of  three  large  sized  barrels.  Con- 
nect these  in  parallel.  Connect 
the  500  volt  circuit  through  a  cir- 
cuit breaker  to  the  field  to  be  test- 
ed and  the  other  side  of  the  field 
to  one  lead  from  the  rheostats; 
ground  the  other  rheostat  lead. 
Put  hot  water  into  the  barrels  and 
add  a  very  little  salt  to  each.  The 
reason  for  not  using  cold  water 
is  that  too  much  salt  has  to  be  put 
in  at  first  to  obtain  the  required 
current,  and  when  the  water  heats 
up  its  resistance  decreases  so 
much  that  the  rheostat  becomes 
useless.  By  adjusting  each  barrel 
separately  this  group  will  handle 
the  full  load  current  of  a  40  hp  mo- 
tor continuously-  One  barrel  alone 
may  be  used  if  an  overflow  pipe  be 
arranged  about  eight  inches  below 
the  top  of  the  barrel  and  a  contin- 
uous flow  of  cold  water  be  sup- 
plied by  a  hose.  To  make  a  water 
rheostat  put  a  large  piece  of  flat 
scrap  sheet  iron  in  the  bottom  of 
the  barrel;  twist  the  end  of  an  in- 
sulated cable  to  it  and  connect  this 
cable  with  the  field.  Attach  a  rope 
to  a  similar  piece  of  sheet  iron  so 
that  it  will  hang  parallel  to  the 
bottom  of  the  barrel.  Hang  it  in 
the  barrel  and  pass  the  rope  over 
an  old  trolley  wheel  (which  may 
be  fastened  to  a  board  nailed  to  a 
post  or  placed  across  the  top  of  the 
barrel)  and  tie  some  scrap  metal 
on  the  other  end  to  act  as  a  bal- 
ancing weight.  Attach  a  cable  to 
this  plate  and  ground  the  other 
end,  after  connecting  the  circuit 
through   an   ammeter   shunt.       L.  t. 
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842 — Effectiveness  of  Choke  Coils 
without  Lightning  Arresters^ 
Will  you  kindly  inform  me  if  it 
will  be  of  any  use  to  connect  a 
set  of  choke  coils  without  light- 
ning arresters  in  series  in  each 
line  of  a  6000  volt,  three-phase, 
50  cycle  circuit?  I  have  been 
told  that  the  choke  coils  will 
protect  the  series  transformers 
by  choking  back  the  lightning. 
Lightning  arresters  are  connec- 
ted on  the  same  line  at  a  point 
2  000  meters  from  the  place 
where  the  installation  is  made. 

J.  .v.   (MEXICO.) 

Choke  coils  having  considerable 
inductance  would  afford  appreci- 
able protection  to  the  series  trans- 
formers. If  the  choke  coils  are 
small  and  of  few  turns  they  will 
not  afford  much  protection.  The 
usual  method  of  protecting  series 
transformers  is  to  shunt  them  with 
a  1/32  inch  gap  of  non-arcing  me- 
tal. R.  p.  J. 

843 — Wattmeter  with  Series  Trans- 
former—  We  have  a  400  to  5 
ampere  transformer  and  a  100 
ampere  meter  for  a  circuit  car- 
rying about  300  amperes.  We 
also  have  a  100  to  5  ampere 
transformer.  What  would  be 
the  result  if  we  should  connect 
the  5  ampere  coil  of  this  trans- 
former in  series  with  the  sec- 
ondary of  the  400  to  5  trans- 
former and  then  connect  the 
meter  to  the  100  ampere  coil? 

W.P.M.     (UTAH.) 

The  double  transformation  of 
current  would  not  give  accurate 
results.  There  would  be  an  error 
in  both  the  strength  of  current  and 
the  phase  angle  between  shunt  and 
scries  currents  in  the  wattmeter. 
Current  transformer  ratios  are  not 
the  same  when  stepping  up  current 
as  when  stepping  it  clown.  The 
wattmeter  would  operate  when 
connected  as  proposed  but  would 
read  low  unless  specially  calibratcfl 
in  connection  with  the  transformer 
outfit.  It  would  not  be  possible  to 
calibrate  the  outfit  so  that  it  would 
be  accurate  on  varying  load  condi- 
tions. The  only  reliable  combina- 
tion possible  would  be  to  use  a 
meter  wound  for  low  current  so 
that  it  would  operate  from  the  sec- 


ondary of  a  suitable  current  trans- 
former   direct.      Possibly    the     100 
ampere  meter  could  have  its  series 
coil    rewound    with    20    times    the 
present     number     of     turns,     thus 
adapting   it    for   use   with   a   trans- 
former   giving    five    amperes    sec- 
ondary. H.  B.  T. 
844 — Method  of  Drying  Oil— I  am 
about    to    install    some    44000    volt 
electrolytic     aluminum     cell      type 
lightning    arresters,    and     the     oil, 
liaving  stood  for  some  time  out  of 
doors  in  the  original  iron  tanks  be- 
fore I  took  charge,  has  moisture  in 
it.      Please    recommend    some   easy 
satisfactory  method  for  drying  this 
oil.     The  company  that  I  am  with 
has  no  oil  filtering  and  drying  out- 
fit.                              A.  w.  s.  (tenn.) 
There   is   probably  no   more    satis- 
factory   method    of    drying    out    oil 
than    by   the   use   of   an   oil    filtering 
and    drying    outfit    such    as    supplied 
by  electrical  manufacturers.    Various 
other  scheme    are  used,  but  all  have 
objections    of   one    kind    or    another. 
Where  no  drying  filter  is  available,  it 
is  possible  to  dry  the  oil  by  placing  it 
in  ai  large  tank  and  allowing  it  to  stand 
for   several   days  until   all   the   water 
is   separated,    drawing  this   off    from 
the  bottom  and  then  completing  the 
drying  by  applying  heat  either  by  re- 
sistances immersed  in  the  oil,  or  by 
some  other  means  of  holding  the  oil 
at   a   temperature   of   90   to    100   de- 
gress   C,    until    the     dielectric     tests 
show   that   the    drying   is   completed. 
This    process    will    require    days    and 
possibly  even  weeks,  and,  besides  dis- 
coloring   the    oil    somewhat    by    the 
high  temperature,  it  will  be  more  or 
less   dangerous   from  the  fire  hazard 
standpoint.      Another    method    is    to 
drain    off   the    water    as    before    and 
place  a  quantity  of  unslaked  lime  in 
the    tank    and    by    agitation    get   this 
tlioroughly    in    contact    with    the   oil, 
absorbing    any    moisture    which    may 
remain.      In    this    case    tlie    oil    will 
have  to  be  filtered  or  allowctl  to  set- 
tle until  the  clear  oil  can   be   drawn 
off.  so  as  to  eliminate  the  limo.    This 
will  cause  some  loss  of  oil,  but  will 
be    nuich    clicapcr    and    more    rapid 
than   the   drying  by  heat.     If   means 
are    at    band     for     passing     the     oil 
through  heavy  filter  paper  which  has 
been     well     dried     and     the     paper 
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clianged  as  it  takes  up  moisture,  the 
drying  can  be  satisfactorily  accom- 
plished. The  dielectric  test  always 
shows  whether  or  not  the  oil  is  in 
proper  condition.  Oil  properly  dried 
should  stand  a  test  of  30000  volts 
between  Yz"  spheres  set  0.15"  apart. 
To  test  for  moisture,  shake  a  sample 
of  the  oil  thoroughly  in  a  test  tube 
with  a  little  anhydrous  copper  sul- 
phate. A  blueish  tinge  in  the  cop- 
per sulphate  indicates  moisture.  Or 
plunge  an  iron  rod,  heated  to  a  tem- 
perature just  below  red  heat,  into  a 
sample.  A  hissing  or  crackling  noise 
indicates  the  presence  of  moisture. 

c.  E.  s. 

845— Method  of  Securing  Patent- 
Please  let  me  know  which  is  the 
best  way  to  patent  a  machine  or 
part  of  a  machine.  Is  it  better 
to  apply  direct  to  the  main  oftice 
in  Washington,  D.  C,  so  as  to 
avoid  frauds?  If  so  please  give 
me  the  right  address. 

M.T.C.    (HONOLULU.) 

The  following  quotation  is  taken 
from  Article  17  of  the  Rules  of 
Practice  in  the  United  States  Pa- 
tent Office- 

"An  applicant  or  an  assignee  of  the  en- 
tire interest  may  prosecute  his  own  case, 
but  he  is  advised,  unless  iamiliar  with  such 
matters,  to  employ  a  competent  attorney, 
as  the  value  of  patents  depends  largely 
upon  the  skillful  preparation  of  the  speci- 
fication   and  .claims." 

By  reason  of  the  fact  that  the 
protection  offered  by  a  United 
States  patent  depends  very  largely 
on  the  competence  with  which  the 
application  was  prepared  and  pros- 
ecuted before  the  Patent  Office, 
many  valuable  inventions  have 
been  practically  lost  to  the  inven- 
tors. It  is  therefore  always  ad- 
visable to  secure  the  services  of  a 
competent  patent  attorney.  R.  j.  d. 

846 — Electric  vs.  Pneumatic  Oil 
Switches — Please  give  me  the 
relative  advantages  and  disad- 
vantages of  electrically  versus 
p  n  e  u  m  a  t  i  c  a  lly  operated  oil 
switches  as  regards  cost  and  re- 
liability of  service. 

P.R.M.    (CAL.) 

Assuming  pneumatic  operation 
to  mean  "electro-pneumatic,"  they 
are  equally  reliable  and  quick  act- 
ing.      Plain     pneumatic     operation 


would    be    very    sluggish    in    action 
through   pipe   lengths   of   any   con- 
siderable   distance.      Electro-pneu- 
matic  operation   requires   a   source 
of   air    supply   in   addition   to   elec- 
tric   supply,    while    only   the    latter 
is    necessary    for    plain    direct-cur- 
rent   electrically    operated    appara- 
tus.     The    source    of    compressed 
air   is   usually   a  motor-compressor 
and     air     storage     system     which 
would    add    considerable    cost    and 
complexity    to    a    small    switch    in- 
stallation.    Where  alternating  cur- 
rent   only    is    available    and    large 
switches  or  circuit  breakers  are  to 
be    handled,    electro-pneumatic 
operation  with   alternating  current 
valve    magnets    is    a   very    effective 
combination   at  a  reasonable   cost. 
In    general    the    cost    of    switching- 
apparatus  operated  with   either  di- 
rect-current  electric   or   direct-cur- 
rent or  alternating-current  electro- 
pneumatic    control    is    nearly    the 
same.      The    difiference    in   installa- 
tion cost   is   in  the   source  of  elec- 
tric and  air  supply  j.n.m. 
847 — Rewinding   Small  Transform- 
ers— I    wish    to    rewind    a    small 
transformer,  the  core  of  which  is 
a  laminated  ring  having  a  cross- 
section    of    three-quarters    of    an 
inch  by  one  inch  and  an  internal 
diameter  of  two  and  three-quar- 
ter  inches   and    outside   diameter 
of  three   and   one-half   inches,   to 
operate      continuously      on      115 
volts    and    deliver    ten    volts    at 
the    secondary    terminals.      Will 
you    kindly    furnish    data    as    to 
size    of    wire    and    amounts    for 
both  primary  and  secondary  win- 
nings.                                       P.J.    (OHIO.) 
One   of  the   dimensions  given   in 
the  above  question  is  wrong,  since 
a    ring   having   a    cross    section    of 
f 4  X  I  inch  and  an  internal  diame- 
ter of  234  inches  must  have  an  out- 
side diameter  of  4^4   or  4^4   inches 
depending      tipon      which      of     the 
cross-sectional     dimensions     is     in 
the   radial   direction.      We   will   as- 
sume   that    the    ring    has    a    cross- 
section   of  Y4.   X   I    inch   and   an   in- 
ternal  diameter   of  2^    inches.     It 
does   not   matter  whether   the   out- 
side diameter  is  4^4   or  4^4  inches- 
Assuming  a  frequency  of  60  cycles 
there    will    be    required    about    120 
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turns   fur   the   10  volt  winding  and 
1380   turns    for   the    115    volt    wind- 
ing,   the    ratio    of    turns    being   tlie 
same  as  tlie  ratio  of  voltages.    The 
wire    would    preferably    be    double 
cotton  covered,  that  for  the  10  volt 
winding     being     approximately    12 
times    the    cross-sectional    area    of 
the  wire  for  the   115  volt  winding. 
The  sizes  of  wire  can  be  made  as 
large  as  can  be  wound  in  the  avail- 
able space.     Probably   Xo.  9   B    & 
IS    gauge    can    be    used    for    the    ID 
volt    winding   and    No.    20    for    the 
115    volt    winding.      There    should 
be  two  or  three  laj'crs  of  tape  be- 
tween the  two  windings.  w.m.m. 
848 — Iron    for    Laminated    Cores — 
\\  ni  you  please  advise-   nu-   what 
kind   of  iron    is   commonly   used 
in    the    laminated    field    and    the 
armature   of   alternating   current 
machines.     Do  you  know  of  any 
company    from     whom     I     could 
purchase      the      stampings      for 
small   motors,   from    1    to    15   hp. 
1    am    trying   to    determine    if    it 
will  pay  us   to  build  alternating- 
current  motors  to  go  with  a  line 
of   centrifugal    pumps,    of    which 
wc    build    a    large    number. 

w.ii.i,.   (wash.) 

Laminated  field  cores  for  mo- 
tors are  usually  made  up  from  a 
special  grade  of  open  hearth  steel, 
the  thickness  varying  somewhat 
as  used  by  different  manufactur- 
ers; the  minimum  thickness  used 
commercially  is  appro.ximately 
0.0125  inches  and  maximum  not 
over  0.025  inches,  the  average  be- 
ing No.  27  sheet  steel  gauge  (or 
0.0172  inches).  X'arious  sheet  steel 
manufacturers  put  jnaterial  on  the 
market  under  the  name  of  elec- 
trical sheet,  and  such  sheets  can 
be  purchased  from  a  numl)er  of 
manufacturers.  We  tlo  not  think 
that  it  is  probable  that  you  could 
produce  alternating-current  mo- 
tors as  cheaply  or  of  as  good 
fjuality  as  they  can  be  purchased 
from  the  lari;e  mamifacturers.      c.  s. 

849— Power  for  Starting  Altcrna- 
tor-  \\  h;it  k.v.a.  at  600  volts 
wc  woidd  require  to  start  a  300 
kilowatt,  two  phase.  60  cycle. 
-'200  volt.  514  r.p.m..  revolv- 
ing    field     type    alternator    with 


"straight  pole"  construction,  i.e., 
with  laminated  poles,  without 
overhanging  pole  tips,  direct 
connected  to  a  300  kilowatt  di- 
rect-current machine?  The  ma- 
chine was  designed  for  belt  oper- 
ation. Would  it  be  likely  to  lock 
and  could  it  be  started  satisfac- 
torily? A  starting  compensator 
would  be  used  to  reduce  the  po- 
tential to  600  volts. 

.l.ii..\.  (gkorcia.  ) 
Although  this  machine  was 
probably  designed  for  generator 
operation  with  no  starting  wind- 
ing, there  is  a  l>are  possibility  that, 
with  a  suitable  voltage  applied,  the 
eddy  currents  induced  in  the  pole 
faces  and  ijrass  wedges  between 
the  ]>oles  (if  any)  would  be  sufficient 
to  start  the  machine.  However  if 
this  test  is  made  the  voltage  ap- 
plied should  be  about  i  000  volts, 
as  600  volts  is  too  small  a  voltage 
to  be  applied  to  3.  machine  of  this 
type.  If  direct  current  is  avail- 
able, it  is  much  preferable  to  start 
the  outfit  from  tiie  direct-current 
unit.  In  all  probability,  an  induc- 
tion starting  motor  with  12  poles 
will  have  to  be  direct  coupled  to 
the  outfit  if  it  is  not  possible  to 
secure  direct  current  for  starting. 
For  further  information  see  Nos. 
12,  Jan.  IQ08;  175,  Nov.  iyo8;  376, 
Mar.  1910;  570,  July  lOii:  76.  June 
190S;  305  and  306,  Sept.  Kjoo;  470. 
Aug.  and  4479,  Sept.  1910.  k.k. 

850 — Permeability  of  Iron  and  Air 
—  iliiw  dm.-,  tlie  pcrnualiilily  of 
iron  vary  with  the  tUix  density? 
How  does  it  vary  with  the  mag- 
netizing force  H?  In  a  certain 
text  book  the  e<|uation  was 
found  M  =  B-:-H.  Is  this  correct? 
Why  is  //  ecjual  ti>  B  in  air? 

C.U.   (ONTARIO.  > 

The  permeability  of  a  sample  oi 
iron  varies  with  B  and  H  as  fol- 
lows:— To  obtain  the  curve  show- 
ing relation  l)etwcen  pcrmeabilily 
and  Hux  density  start  with  the 
magnetization  or   B-H  curve  ''f  fv- 

samjile      and      plot     the      r;         ^^ 
against  // 

The  e«iuation  .\I  ., 

reel     ^  \prfssi«>n    for    pcriucability 


U 


is  the  cur- 
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provided  B  and  H  are  expressed  in 
proper  units.  B  must  express  the 
flux  density  in  magnetic  lines  per 
square  centimeter.  H  must  be  ex- 
pressed in  Gaiisses  and  not  ampere- 
turns  per  inch-  H  in  gausses  equals 
o.4i"ni  where  n=the  number  of 
turns  per  centimeter  of  length  and 
i^the  current  in  amperes.  Since 
air  has  constant  permeability  at  all 
inductions  it  has  been  taken  as 
the  standard  or  medium  of  unit 
permeance.  The  units  B  and  H 
have  therefore  been  so  chosen  that 

B  =  H  in  air,  or  ^^r  =  i. 
rl 

L.C.W. 

851 — Cross  Currents  with  Ground- 
ed Neutrals — We  have  been  us- 
ing a  transformer  wound  as  in 
Fig.  851  (a)  to  obtain  a  neutral 
on  a  three-phase,  four  wire 
(grounded  neutral)  system.  The 
transformer  is  17^2  kw,  60  am- 
peres per  phase,  400  volts.  It 
was  used  mainly  when  ro- 
tary converters  were  running 
inverted,  the  alternating-current 
generators  being  shut  down.  We 
have  discovered  that  this  trans- 
former    can     remain     in     service 


FIG.  851  (a) 

when  a  2  000  kw  alternator  is 
in  operation,  but  twice  it  was 
accidentally  left  in  with  a  750 
kw  alternator  when  it  took  a 
heavy  cross-current  to  its  neu- 
tral, being  red  hot.  No  discrep- 
ancy is  noticeable  on  phase  to 
ground  voltage  of  either  ma- 
chine or  the  transformer  when 
operating  alone-  There  being 
no  air-gap  in  the  transformer 
magnetic  circuit,  how  can  it  take 


a  heavy  cross-current  which  can 
be  but  a  magnetizing  current  to 
balance    a    displaced    neutral    in 
"Y"  connection,     f.j.s.  (Illinois). 
The  trouble  here  is  probably  due 
to    the   wave   form   of   the   750   kw 
generator,  which   must  have  a  third 
harmonic   component  in  the   e.m.f. 
wave    from    line    to    neutral.      To 
such  a  component  the  transformers 
simply  act  like  an  air   choke   coil, 
and    a    current    will    flow    through 
the     transformer     winding    to    the 
neutral  point  and  through  the  gen- 
erator-      It    is    not     necessary    to 
ground  the  generator  if  the  trans- 
former neutral  is  grounded.  c.f. 

852 — Determination  of  Polarity  of 
Y — Y  Connected  Transformers 
for     Parallel     Operation — In     an 

article  by  Mr.  W.  M.  McCon- 
ahey  in  the  Journal  for  July, 
1912  the  method  of  determining 
the  polarity  of  transformers  con- 
nected in  Y  on  both  the  high 
and  low-tension  sides  was  pur- 
posely omitted,  as  noted  on  page 
618,  because  of  its  being  rarely 
used.  As  we  have  a  case  of  par- 
alleling of  such  units,  however, 
we  would  appreciate  information 
covering  these  conditions. 

W.H.E.   (OREGON.) 

The     following     table     indicates 
the     measurements     covering    the 


Combination 

1  at  = 

2  af  = 

3  af  = 


be 
be 
be 

af  =  be 
be 
be 
be 
be 
be 
be 
be 
be 


af  = 
af  = 
af  = 
af  < 
af  < 
af  = 
af  > 
af  > 


Vohagc  Relation: 
bf  >  be 
bf  >  be 
bf  >  be 
bf  <  be 
bf  <  be 
bf  <  be 
bf  <  be 
bf  <  be 
bf  <  be 
bf  >  be 
bf  >  be 
bf  >  be 


af  < 

af  >  ae 

af  >  ae 

af  >  ae 

af  <  ae 

af  <  ae 

af  >  ae 

af  <  ae 

af  <  ae 

af  <  ae 
af  >  ae 

af  >  ae 


df 
de 

bf  =  be  +  df 
be  =  be  4-  dc 
np  =;  ac  +  de 
bf  =  be  —  df 
ac  —  de 
ac  —  df 
be  -f  de 
be  +  df 
ac  +  df 
be  —  dc 


af  = 


af   ; 

be 

bf 

af 

be 


FIG.  852   (a),    (b),    (C)   AND    (d) 

various  combinations  shown  in 
Figs.  852(a),  (b),  (c)  and  (d). 
The  table  is  the  same  as  that  for 
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the  delta-delta  connection  given 
in  the  article.  Using  this  infor- 
mation in  connection  with  that 
given  in  the  article,  the  polarity 
of  a  Y-Y  connected  transformer 
can  readily  be  worked  out.     w.  m.  m. 

853 — Increasing  the  Speed  of  In- 
duction Motor — 1  desire  to  in- 
crease the  speed  of  an  induction 
motor  from  560  rp.m.  to  i  130 
r.p.m.  I  reconnected  the  motor 
for  6  poles  but  after  running?  a 
few  minutes  it  would  blow  the 
20  ampere  fuse  on  no  load.  The 
motor  is  7.5  horsepower,  three- 
phase,  60  cycle,  400  volts,  11 
ampere  per  terminal.  Please  ex- 
plain the  difficulty. 

G.T.L.  (NEVADA.) 

The  effect  of  the  change  in  the 
number  of  poles  from  12  to  6, 
other  conditions  remaining  the 
same,  will  be  to  decrease  the  mag- 
netizing current,  neglecting  satura- 
tion, in  the  ratio  of  6"  to  I2'  or  i 
to  4.  But  since  with  the  six  pole 
connection  the  pole  pitch  has  been 
doubled  and  the  throw  of  the  coils 
has  not  been  correspondingly  in- 
creased, the  number  of  electrical 
degrees  spanned  by  the  coil  will 
be  decreased  from  162  degrees  to 
Si  degrees  with  the  result  that  the 
magnetizing  current  will  be  in- 
creased, neglecting  saturation, 
162  " 


in  the  ratio 


sm 


sm 


81 
2 


or 


2.26 


'inl)ining    these    two    effects,    the 
'^netizing    current    will    be     de- 
i  rcase<l,    neglecting    saturation,    in 
the  ratio    i        2.26    _    2.26  i 

4    "       I       ""      4  175 

•'  '.  as  the  iron  of  this  motor  is 
'1  :  api)rcciably  saturated,  this  ra- 
tio will  be  practically  true  consid- 
ering saturation.  Since  the  no- 
load  current  of  an  induction  motor 
is  made  up  mostly  of  the  magnet- 
izing component,  and  is  not  affect- 
ed to  any  great  extent  by  varia- 
tions in  the  power  component,  the 
no-load  current  in  this  case,  if  the 
motor  was  properly  reconnected 
from  12  to  6  poles  should  be  con- 
siderably decreased  instead  of  in- 
creased.     This    excessive    no-load 


current  must  be  attributed  to  some 
other  cause,  and  the  improper  re- 
connection  of  the  winding  for  6 
poles  seems  the  most  probable 
one.  The  fact  that  there  are  120 
coils,  and  18  groups  in  the  6-pole, 
three-phase     winding,     which     re- 

quires  that  there  be      —-5-      or  6-2/3 

lo 

coils  in  series  per  group,  makes  it 
necessary  to  unequally  distribute 
the  coils  in  the  different  groups, 
and  if  this  distribution  is  not  prop- 
erly made  an  unl)alancing  of  the 
winding  may  result,  causing  exces- 
sive no-load  current.  The  proper 
distril)ution  of  the  coils  should  be 
as  follows: — 

No.  of  coils  in  series  per  preyup, 
677      767      776 
Polos N  S  N 

Repeat  this  for  the  remaining  3 
poles.  All  groups  per  phase  should 
be  connected  in  series  for  400  volts 
and  the  three  phases  connected  in 
star  in  the  standard  manner.  The 
winding  should  be  checked,  and 
the  connection  of  the  groups 
checked  for  the  proper  polarity. 
By  checking  for  polarity  is  meant 
the  proper  succession  of  nortii 
and  south  poles  in  a  given  phase 
and  in  addition  checking  the  pro- 
per 120  degree  relation  between 
phases-  A  method  for  making  this 
latter  check  was  given  by  Mr.  H. 
C.  Spccht  in  the  Journal  for  June 
igii.  Page  571,  and  is  briefly  as 
follows: — Assuming  the  current 
going  in  all  three  leads  toward  the 
center  of  the  star  or  Y.  place  an 
arrow  opposite  each  polar  group 
showing  the  direction  of  the  cur- 
rent through  that  particular  group. 
Taking  the  pcdar  groups  in  order 
around  tlie  machine  for  all  three 
phases  these  arrows  should  alter- 
nate in  direction  thus — .\  phase 
^  ,  B  phase  <  ,  C  phase 
->  ,  A  phase  <  ,  B  phase 
y.    ,     C     phasf      -  "♦■     aroun.l 

tile   machine. 

854— Method  of  Starting  Motor 
Generator  Sets— In  railway  mo- 
tor-gencrators  usin;:  self  "Start- 
ing syndiroii  ivis  motors,  which 
is  best  method  of  starting:  to 
start    from    the    altcrnaiiiu-  lur- 
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rent  side  or  start  from  the  di- 
rect-current side,  synchronizing 
the  motor  with  the  alternating- 
current    supply?  C.L.G.  (TEXAS.) 

This  depends  to  some  extent  on 
the  individual  case.  In  a  great 
many  substations  where  a  single 
set  is  used,  direct-current  is  not 
always  available  for  starting. 
Where  it  is  available  this  method 
has  the  advantage  of  causing  re- 
latively less  disturbance  to  the 
line  than  alternating  current,  but 
on  the  other  hand  it  is  much  less 
simple  as  it  requires  starting  equip- 
ment for  the  direct-current  side, 
and  synchronizing  equipment  for 
the  alternating-current  side.  Al- 
ternating-current starting  momen- 
tarily takes  a  relatively  large  cur- 
rent from  the  line,  which  for  rail- 
way work  is  usuallv  of  no  conse- 
quence. It  has  the  marked  advan- 
tage of  simplicity  both  of  opera- 
tions and  equipment  required,  au- 
to-transformers and  a  switch  for 
the  alternating-current  side  only 
being  necessary;  hence  the  latter 
method  is  generally  preferred. 

R.A.M. 

855 — Telephone    Despatching — Our 

company  operates  its  trains  on 
most  of  its  lines  by  telephone. 
An  operator  in  station  A  can 
ring  up  B  without  the  other  of- 
fices on  the  same  line  being  sig- 
nalled.    How  is  this  done? 

G.H.  (ONTARIO.) 

In  general  the  control  of  trains 
by  ineans  of  telephone  train  des- 
patching systems  includes  a  dis- 
patcher's office  and  a  number  of 
block  stations  along  the  line. 
Communication  can  be  established 
by  means  of  the  system  between 
the  dispatcher  and  any  stations 
along  the  line  without  the  other 
stations  being  signaled;  or,  com- 
munication can  be  established  1)e- 
tween  two  stations  on  the  line 
without  other  stations  being  af- 
fected. This  result  is  obtained  by 
means  of  a  number  of  sending 
keys  and  selective  relays  connected 
in  parallel  with  the  telephone  line, 
one  key  and  one  selective  relay 
being  located  at  each  station,  this 
of  course  including  the  dispatch- 
er's office.     The  sending  device  in 


some  cases  consists  of  a  push  but- 
ton board  where  the  buttons  are 
numbered  to  correspond  with  the 
stations  along  the  line.  When  one 
of  the  buttons  is  pressed  it  sends 
all  along  the  line,  not  a  continuous 
current,  but  a  series  of  impulses, 
whose  frequency  and  duration  de- 
pends on  the  special  combination 
assigned  to  that  button,  much  in 
the  same  way  as  the  grooves  in 
the  key  of  a  Yale  lock.  Soine  se- 
lective relays  are  built  on  the  es- 
capement principle  (similar  to  that 
used  in  a  clock)  and,  as  before 
stated,  they  are  all  connected  in 
multiple  on  the  line-  All  of  them 
are  consequently  affected  by  each 
signal  sent  out  along  the  line,  no 
matter  from  what  station.  When, 
for  example,  a  certain  signal  is 
sent  out  from  a  station  from  push 
button  No.  10,  this  signal  consist- 
ing of  say  ten  impulses,  makes  all 
the  selective  relays  work  through 
ten  movements.  In  selective  relay 
No.  10,  located  of  course  in  the 
station  corresponding  to  that  num- 
ber, a  contact  is  made  after  the 
relay  has  moved  through  ten  im- 
pulses so  that  the  operator  in  that 
station  receives  a  signal.  The 
contact  is  made  by  each  of  the 
other  selective  relays  along  the 
line  depending  upon  the  number  of 
impulses  sent  out;  for  example, 
when  six  impulses  are  sent  out,  all 
the  selective  relays  stop  at  a  point 
6,  but  the  circuit  is  coinpleted  only 
on  point  6  in  the  case  of  selective 
relay  No.  6.  It  will,  therefore,  be 
seen  from  the  above  brief  descrip- 
tion that  each  selective  relay  re- 
sponds only  to  its  own  peculiar 
combination  of  impulses.  This 
description  is  not  intended  to 
cover  any  particular  design  of  ap- 
paratus, but  is  given  only  with  the 
idea  of  illustrating  the  principles 
on  which  the  selective  system 
works.  L.F.H. 

856 — Magnetic  Side  Pull  in  Motors 

— a — In  a  parallel  wound  direct- 
current  armature  with  equal  re- 
sistance in  all  branches  of  the 
circuit,  is  there  any  magnetic 
side  pull  if  the  armature  is  dis- 
placed so  as  to  give  unequal  air- 
gaps?  b — Does  the  addition  of 
cross     connectors     between     equi- 
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potential  points  in  tlic  armature 
tend  to  lessen  such  side  pull?  c — 
Is  there  any  side  pull  thei)retic- 
ally   in  a  squirrel   ca^e   iiuluctiun 

motor?  H.A.F.   (NKWJERSKY.) 

a — With    une(|ual    air-p:aps    there 
will  be  an  unbalanced  pull  toward 
tlie    pole    nearest    the    armature,    as 
the    flux    from    this    pole    will    be 
greater  than  from  the  others.     The 
conductors    coming;:    under    the    in- 
fluence of  this  pole,   however,  will 
have   induced     in     them    a    higher    e. 
ni.f.    than    the    remaining    conduc- 
tt)rs  and   consequently    the    circuit 
including     these     conductors     will 
furnish    more    thaii    its    proportion 
<>t     this     total    current.      This    in- 
creased  current    will    result    in    in- 
creased   armature    reaction,    which 
in      turn     tends      to      equalize      the 
strength  of  the  poles  and  the  dis- 
tribution    of     current     among     the 
several   circuits,      b — With    the   ad- 
dition    of     equalizer     connections 
alternating     currents     are    set    up 
through     these     connections     and 
produce  a  much  stronger  armature 
reaction  than  the  direct  currents  in 
(a),  resulting  in  a  still  further  de- 
magnetization  of  the   pole   nearest 
the    armature    and    consequently    a 
much  better  e(|ualization  of  current 
than    is    obtainaI)le    without    their 
use.     It  should  be   noted  that   the 
alternating     currents     which     flow 
through   the   equalizer   connections 
act     almost      directly    against    the 
magnetization     of     the     pole     pro- 
ducing them,  while  in   (a)  the  cur- 
rents flowing  through  the  commu- 
tator and  brush  holder  connections 
are   principally    distorting    in    their 
effect  upon  the  tield  and  only  par- 
tially  demagnetizating,    and    hence 
cannot  produce  as  great  an   e<|ual- 
izing  effect  as  the  alternating   cur- 
rents,   r — Theoretically,  there  is  no 
unbalanced  pull  in  a  sciuirrel  cage 
motor    having   a    fairly    low    resis- 
tance in  the  bars  and  short-circuit- 
i"K   rings.      It    may    bai)pen,    how- 
ever, with  a   fairly   hiuh   resistance 
in  the  secondary  winding,  that   the 
action  of  the  local   balancing  cur- 
rents  is  interfered   with    and   there 
may  be  sonu-  unbalanced  magnetic 
pull.      With    a    slip    not    exceeding 
four    or    five    percent    this    is    very 
unlikely  to  happen. 

H.C.W.  AND  A.  MO. 


857 — Restoring    Gun    Metal    Finish 

— How  can  the  gun  metal  linisli 
on  switch  board  instruments  be 
restored  and  where  can  the  nec- 
essary articles  be  obtained? 

-V.  J.  R.  (PE.VNA.) 

In  order  to  refinish  instrument 
cases  with  the  gun  metal  finish  it 
is  necessary  to  have  quite  an  elab- 
orate equipment  which  would  make 
it  im])racticable  to  attempt  to  a])- 
ply  the  process  on  a  small  scale- 
If  it  is  essential  to  have  the  instru- 
ments so  finished  it  would  be  ad- 
visable to  take  the  matter  up  with 
the  manufacturers  with  the  idea  of 
having  them  do  the  work.  A  very 
satisfactory  substitute  would  be 
found  in  the  use  of  a  black  lac(|uer 
finish.  Suitable  lac(|uer  can  doubt- 
less lu'  oI)taiiied  by  referring  to  the 
manufacturers  of  such  instruments. 


858 — Use     of     Enameled 


E.  R.  s. 

Wire  — 

riease  inl'orin  me  as  to  the  j)rac- 
tibility  of  using  enameled  wire 
for  field  windings  on  air  compres- 
sors. In  winding,  is  there  any 
tendency  for  the  insulation  to 
crack  when  the  first  layers  are 
being  wound  on  the  form? 

A.L.S.  (OHIO.) 

Enameled    wire    has    been    used 
successfully   for   field   windings   on 
compressor  motors.     If  the  wire  is 
of    good    quality,    it    should    stand 
bending  around   a   radius  appro.xi- 
mately  -'K-  times  its  own  diameter, 
withe 'lit   cracking  tlie  enamel.       r.e.f. 
859— Wire   for   High   Voltage   Sec- 
ondaries—  For    windiiit,'    the    sec- 
ondaries    of     induction    coils    or 
high    voltage    transformers,    say 
from     100  000     volts     to     200000 
volts,  which  is  best  to  use,  enam- 
eled or  silk  covered  wire? 

N.J.R.  (PENNA.) 

l"'or  winding  secondaries  of  in- 
fluction  coils  or  high  voltage  trans- 
foriuers,  it  woiibi  probal>ly  be  bet- 
ter to  use  a  single  cotton  covered 
enamele<l  wire.  This  would  be  pre- 
ferable to  the  plain  enameled  wire. 
lioth  as  r  e  g  a  r  <1  s  mechanical 
strength  of  the  insulation  and  its 
electric.il  strength.  Silk  covered 
wire  or  silk  enameled  wire  would 
be  much  more  expensive.  For  in- 
duction coils,  simply  cotton  cov- 
ered   wire    is   often    employed,   the 
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secondary  winding  being  segrega- 
ted into  a  number  of  what  are 
called  "pies,"  properly  insulated 
from  one  another  and  connected  in 
series  to  make  up  the  total  sec- 
ondary winding.  e.  r.  s. 
860 — Starting  Frequency  Changer 
— (a) — A    frequency    changer    of 

1  000  k.v.a.  capacity  is  at  the  end 
of  a  50  mile,  34600  volt,  trans- 
mission line.  The  generator  at 
the  generating  station  and  the 
frequency  changer  are  wound  for 

2  300  volts  and  250  amperes.  One 
generator  is  furnishing  power  to 
a  town  four  miles  away,  which 
consumes  about  600  kilowatts. 
Will  a  second  generator  in  paral- 
lel with  the  one  already  furnish- 
ing power  be  sufficient  to  start 
the  frequency  changer,  and  yet 
not  interfere  with  sending  power 
to  the  town  four  miles  away?  If 
so,  what  would  be  the  best  meth- 
od to  pursue,  both  as  to  getting 
the  machine  started  and  for  rais- 
ing the  voltage  at  the  instant  the 
frequency  changer  is  cut  in. 
Each  generator  has   a   capacity   of 

I  000  k.v.a.  at  25  cycles.  No  Tir- 
rill  regulator  is  used.  Is  there 
any  method  by  which  you  can 
prevent  the  governors  from  see- 
sawing when  two  i  000  k.v.a. 
generators  are  connected  in  par- 
allel, one  generator  carrying  a 
load  of  200  kw,  the  other  being 
parallel  with  it.  r.e.l.  (ohio.  ) 

(a) — It  is  impossible  to  say  def- 
initely that  a  I  000  k.v.a.  frequency 
changer  can  be  started  from  2000 
k.v.a.  in  generator  capacity,  an  ex- 
isting load  of  600  k.v.a.  being  on 
the  generator,  without  knowing  the 
characteristics  of  both  generators 
and  frequency  changer.  It  is  im- 
probable, however,  that  the  fre- 
quency changer  can  be  so  started 
without  causing  a  decided  voltage 
disturbance  which  would  probably 
make  the  operation  of  other  appa- 
ratus on  the  line  unsatisfactory. 
The  best  method  can  only  be  de- 
termined from  a  complete  knowl- 
edge of  the  starting  equipment 
available  and  the  relative  locations 
of  all  the  apparatus.  In  general, 
however,  there  is  no  method  either 
by  hand  regulation  or  by  Tirrill 
regulator  for  preventing  a  serious 


drop  in  voltage  when  a  frequency 
changer  is  started  from  approxi- 
mately the  same  generator  capac- 
ity, (b) — We  suggest  that  dash 
pots  be  applied  on  the  engine  gov- 
ernors. However,  each  case  of 
hunting  is  a  problem  in  itself  and 
can  only  be  solved  by  experiment. 

F.D.N. 

861 — Connecting  Two  Motors  to 
Single    Load   by    Belts — One     10 

hp,  three-phase  squirrel  cage 
motor  is  driving  a  shaft  by 
belt.  The  load  has  been  in- 
creased to  18  hp,  and  it  is  pro- 
posed to  use  another  similar  10 
hp.  motor  (which  is  in  stock) 
rather  than  buy  a  20  hp  motor 
and  stock  this  motor,  which  would 
increase  the  stock.  The  load  un- 
fortunately can  not  be  divided. 
Can  this  motor  be  belt  connected 
as  the  present  one,  and  will  the 
load  be  divided  equally;  if  not 
how  would  you  apply  the  second 
motor?  F.  V.  (England) 

Two  squirrel  cage  motors  may 
be  belted  to  the  same  load  provided 
the  pulley  sizes  are  so  adjusted 
that  they  divide  the  load  equally. 
One  method  of  accomplishing  this 
is  to  choose  the  pulley  diameters 
as  nearly  right  as  possible  and 
then  take  wattmeter  readings  to 
see  if  the  motors  are  sharing  the 
load  in  proportion  to  their  ratings. 
If  this  is  not  the  case  the  pulley 
on  the  motor  which  is  too  heavily 
loaded  should  be  slightly  de- 
creased in  diameter  until  the  two 
motors  divide  the  load  properly. 
The  theory  covering  the  electrical 
reasons  back  of  this  change  is  the 
same  as  that  given  for  wound  sec- 
ondary motors  in  No.  750,  June,  1912. 

A.M  D. 

862 — Three  Wire  Generator  and 
Balancer  Sets — Why  are  three 
wire  generator  and  balancer  set 
combinations  so  popular  for 
private  plant  installation?  Is  it 
solely  because  of  the  superior 
efficiency  of  the  low-voltage 
lamps?  What  are  the  compara- 
tive efficiencies  of  120  and  240 
volt    lamps? 

F.M.W.  (md.) 
The  incandescent  carbon  or  me- 
tal   filament     lamp     is     inherently     a 
low     voltage     device;     where     made 
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for  liiglicr  voltages  in  sizes 
suitable  lor  house  lighting  the  fila- 
ments are  rather  fragile  for  com- 
mercial use.  For  copper  economy 
in  feed  wires  and  distributing 
mains  a  high  line  voltage  is  de- 
sirable. iJy  using  a  three-wire  cir- 
cuit with  voltage  across  the  outer 
wires  double  that  of  the  lamp  vol- 
tage and  using  a  neutral  wire  of 
one-half  the  section  of  the  outers, 
a  given  amount  of  power  can  be 
distributed  with  the  same  percen- 
tage voltage  drop  as  in  the  two- 
wire  circuit  with  5/16  the  weight 
of  copper.  For  complete  informa- 
tion on  direct-current  balancer 
sets,  see  article  on  this  subject  in 
the  Journal  for  November,  1912, 
page  1036.  A.c.L. 

863 — Current  in  Auto-Transformer 
Starter— If  possible  I  would  like 
you  to  explain  by  sketch  the  di- 
rection and  quantities  of  cur- 
rents in  each  phase  of  a  three- 
phase  auto-transformer  starter, 
with  a  tapping  of  say  0.65.  at  the 
moment  one  phase  is  at  a  maxi- 
nmm,  current  assumed  60  am- 
peres. What  would  happen  if  the 
star  point  of  transformer  was 
broken?  f.v.  (England.) 

.\ssuming  60  amperes  (r.m.s.) 
through  the  auto-transformer,  and 
that  current  in  phase  A,  Fig.  863 
(a),  is  at  its  maximum  value,  the 
current  in  phase  A  will  be  60  x  V  2 
^  85  amperes  and  the  values  and 
directions  of  currents  in  the  three 


FIC.  863    (a)    AND   (b) 

phases  of  the  auto-trnnsformcr  will 
t>c  as  indicated.  If  the  winding  of 
phase  A  should  become  detached 
iron\  the  junction  of  the  three 
windings  at  O,  the  windings  COB 
would  act  as  a  single-pha.se  auto- 
transformcr  across  phases  C  B  and 
•^ingje-phasc  current  only  could 
pass  to  the  motor  through  leads 
f  b  as  shown  in  Fig.  863  (b).  For 
further  information  refer  to  Nos. 
303  and  668.  w.R  w 


864 — Calculating  Current  in  Three- 
i^hase  Line — Jl.,w   du  you  calcu- 
late the  load  and  current  in  the 
three  wires  or  lines  A,  B,  C,  of  a 
three-phase  _'00  volt  supply  with 
varijuus  numbers  of  16  cp,  carbon 
lamps   taking  3.5   watts  per   can- 
dle-power connected   to   the   dif- 
ferent phases?        F.v.   (England.) 
The    principles    involved    are    in- 
dicated in  the  article  by  Mr.  Chas. 
H.    Porter    on    "Notation    for    Poly- 
phase Circuits,"  in  the  Journal  for 
September,   1907,  p.  497.     See  also 
an  article  by  Mr.  H.  W.  Brown  on 
"\"ector  Diagrams  Applied   to   Poly- 
phase  Meter   Connections,"   in   the 
Journal  for  June,  1908,  p.  342.   The 
current    in    each    line    wire    is    the 
vector  sum  of  the  currents  required 
by  the  respective  loads  across  the 
two    adjacent    phases.      If   the    un- 
balance of  voltage  due  to  unequal 
current  per  phase  is  negligible,  the 
voltages  of  the   three   phases   may 
be  represented  by  three  equal  vec- 
tors at  angles  of  120  degrees  from 
one   another.     The   case   of  an   in- 
candescent lamp  load  is  simplified 
by    the    fact    that    this    is    a    non-in- 
ductive load  and  thus  the  line  vol- 
tage and  line  current  are  in  phase. 
The   currents   due   to  load   on   any 
two    of    the    three    phases    can    be 
combined    vectorially    to    get    the 
current    in    the    line    to    which    the 
two  given   loads  are   connected   in 
common. 

865 — Speed  of  Alternator — I  under- 
stand that  10  poles  of  a  12  pole 
machine  may  be  removed  and 
that  the  frecpiency  will  remain 
the  same  at  the  same  speed. 
The  armature  winding  of  the  ma- 
chine in  question  is  all  in  scries.  Of 
course,  the  voltage  will  l)e  down 
and  the  balance  may  be  off.  Am 
I   correct?  l.a.f.  (mass.) 

The  frequency  will  be  the  same 
at    the    same    speed.    r<      •  " 
how   many  poles  are   r 
cept.  of  course,  if  all  1  '  re- 

moved   there  will   be   i  in'! 

therefore  no  frequcnc> 
768.  September.  '12  r     ■   n 

866 — R  e  c  o  n  ncctinfj  Three-Phase 
Motor  for  Two-Phase — We  have 
a    ten    hp.  '  '  '         '   ■ 

220   volt    II  h 

i.s    at    present    wound    tor    thrcc- 
pha-<;c     parallel     winding,     three 
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coils  per  group,  72  coils  in  all. 
thereby  placing  12  coils  across 
the  line.  Will  you  kindly  advise 
if  this  motor  can  be  reconnected 
for  two-phase.  g.  f.  n.  (penna.) 

Given   a   three-phase   motor  at   a 
specified    voltage,    there    will    be    re- 
quired approximately  one  and  one- 
quarter  times  as  many  turns  in  the 
winding    if    the    same    motor    is    to 
be    operated    on    two-phase   at    the 
same   voltage    with    the    same    flux 
densities   in   the   iron   and  approxi- 
mately   the    same    performance    as 
regards     torque,    power-factor     and 
efficiency.     In  the  example  quoted, 
if  the  motor  were  reconnected  for 
two-phase,    the    normal    voltage    to 
give    a   performance    equivalent    to 
the  three-phase  would  be  176  volts 
on   the   parallel   connection   or  352 
on   the   series.      Since   220   volts  is 
available  only,  the  motor  might  be 
very  much  over-saturated  if  run  on 
the   two-phase  parallel   connection. 
The  one  way  to  get  a  satisfactory 
performance    would    be    to    rewind 
the    motor    with    coils    having    one 
and  one-quarter  times  as  many  ac- 
tive turns  in  the  individual  coil  as 
on  three-phase.     Owing  to  the  fact 
that  this  is  an  eight  pole  machine 
with  72  slots,  when  it  is  connected 
for  two-phase  the  polar  groups  of 
the  winding  in  each  phase  will  be 
made  up  of  four  coils  and  five  coils 
alternately.       In     parallelling     the 
two  halves  of  each  phase  winding, 
care    should    lie    taken    to    see    that 
there  are  two  groups  of  four  coils 
and    two    groups    of    five    coils    in 
each    side    of   the   parallel    connec- 
tion in  each  phase.     Failure  to  ob- 
serve this  would  result  in  local  cir- 
culating    currents     due     to     unbal- 
anced  induced   voltage   in   the   two 
sides     which    are    in    parallel    and 
hence  in  series  so  far  as  local  cur- 
rents   are    concerned.      When    this 
problem  is  reversed  and  a  motor  is 
to  be  changed  from  two-phase  to 
three-phase,      there      are,      for      the 
same    reason,    too    many    turns     for 
equivalent      three-phase      perform- 
ance.    This   is   sometimes  adjusted 
by  leaving  20  percent  of  the  coils 
dead  and   suitably   distributing  the 
dead     coils     around     the     machine. 
However,  this  introduces  irregular- 
ities in  the  shape  of  the  magnetic 


rotating  field  which  impair  the  per- 
formance to  some  extent  and  this 
practice  should  be  regarded  as  a 
territory  makeshift  rather  than  a 
permanent  operating  condition. 

A.M.D. 

867 — Series  Transformer  Connec- 
tions— In  a  set  of  three-phase, 
25  cycle,  6600  volt  bus-bars,  three 
current  transformers  having  100-5 
ampere  ratio  are  inserted.  It  is 
desired  to  obtain  three-phase  over- 
load protection  by  an  oil  circuit 
breaker  which  is  to  be  tripped  by 
means  of  a  trip  coil  through  one 
series  relay  at  a  ratio  of  less  than 
■100-5    amperes.      We    have    made 


ierits  Reisy 


FIG.  867   (a) 


connections  as  indicated  in  Fig. 
867  (a).  What  will  the  current  in 
the  secondary  circuit  relay  be 
when  current  per  phase  in  primary 
is  100  amperes?  By  what  method 
of  connections  can  I  make  this  sec- 
ondary current  five  times  V3  when 
TOO  amperes  per  phase  is  flowing 
in   the   primary? 

J.  S.  K.   (new  YORK.) 

It  is  not  possible  to  completely  pro- 
tect a  three-phase  circuit  from  over- 
load with  one  relay.  With  the  con- 
nection shown,  the  secondary  current 
should  be  approximately  8.6  amperes 
when  100  amperes  balanced  current 
is  flowing  in  each  line.  For  method 
and  connection  diagrams  for  the  pro- 
tection of  polyphase  circuits  see  arti- 
cles by  Mr.  H.  W.  Brown  on 
"Special"  and  "Standard  Relay  Con- 
nections" in  the  Journal  for  July, 
iQog,  page  433,  and  July  and  Aug., 
1908,  pages  406  and  460.  c.  f. 

868 — Parallel     Operation     of    Two 
and     Three- Wire     Generators  — 

Can  a  two-wire,  compound  wound 
generator  be  operated  in  parallel 
with  one  or  more  three-wire  gen- 
erators in  which  the  series  fields 
are  split  between  the  outside  leads, 
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half  of  the  scries  field  lieiiifjj  in 
each  of  the  outside  leads?  If  so, 
wiiat  equalizing  connections  should 
he  used,  the  three-wire  machines 
heing  equalized  l)et\veen  both  sets 
of  brushes?  \v.  l.  k.  (Panama.) 

Satisfactory  parallel  operation  of 
direct-current  generators  involves: 
( I )  That  the  machines  have  ai)prox- 
imately  the  same  saturation  curve 
over  the  working  range  of  the  ma- 
chine. (2)  That  the  voltage  drop 
across  leads,  series  fields  with  shunts 
and  additional  series  resistance  if 
necessary,  shall  be  the  same  when 
machines  are  operating  independently 
at  normal  load.  (3)  That  resistance 
of  the  e(|ualizer  shall  he  negligible. 
With  the  above  conditions,  the  ex- 
citation of  the  series  field  will  always 
vary  in  direct  proportion  to  the  kw 
capacity  (series  resistances  being  in- 
versely proportional  to  kw  ).  When  the 
machines  do  not  operate  at  the  same 
points  on  the  saturation  curves,  the 
regulation  curves  do  not  have  the 
same  shape  and  as  a  result,  one  ma- 
chine will  take  a  larger  i)roportion  of 
the  total  for  light  load  and  a  less 
proportion  under  increased  load.  In 
operating  two  and  three-wire  ma- 
chines together,  the  machines  may 
work  satisfactorily  for  balanced 
loads,  but  unbalancing  disturbs  this 
condition.  If  the  unbalancing  is  in 
the  lead  for  which  there  is  no  equal- 
.zcr  circuit  on  the  two-wire  ma- 
chines, all  unbalanced  current  re- 
turns through  the  series  fields  of  the 
ihree-wirc  machines,  over-exciting 
these  and  causing  them  to  take  the 
greater  share  of  the  load.  If  the  un- 
balancing is  in  the  lead  for  which 
there  is  a  complete  etjualizer  circuit 
on  all  machines,  it  is  evident  that 
the  excitation  of  the  three-wire  ma- 
t-hincs  will  only  he  subjected  to  one- 
half  the  variation  of  the  two-wire 
machines,  as  the  former  have  but 
«nie-half  the  total  series  field  in  the 
variable  circuit.  Fn  this  case,  there- 
'ore.  two-wire  machines  will  tend  to 
take  more  than  their  share  of  the 
load.  Any  condition  of  unbalance, 
therefore,  disturbs  the  system  an<l 
I'-fids  to  prevent  satisfact')ry  parallel 
"I'lTatinn.  I'or  further  information. 
see  article  by  Mr.  C.  1.  Young,  in  the 

JotRNAI.    for    Nov.,    TOIT.    p.    Q74. 

R.  H.  T 

860 — Changing  Shunt  Field  Coil  to 
Series   Field   Coil     (a)--\\hat   is 


the  ratio  of  the  resistance  of  a 
shunt  field  coil  in  a  small  motor, 
to  that  of  a  series  field  coil?  For 
instance,  is  it  possible  to  change 
the  shunt  field  of  a  one  hp  110 
volt  direct-current  motor  to  a  se- 
ries field?  (b)  If  a  65  volt 
three  hp  shunt  motor  runs  at 
700  r.p.m.  at  full-load,  at  what 
speed  must  it  run  as  a  generator 
to  generate  70  volts,  with  all  re- 
sistance cut  out  of  the  field  and 
load  of  20  amperes?  (c) — In  a 
three  hp  series  motor,  what  will  be 
the  ratio  in  the  drop  in  speed  to 
the  load  applied?     j.  e.  L.  (penna.) 

(a) — It  is  hardly  possible  to  use 
the  same  coil,  as  the  shunt  coil  is  of 
high  resistance,  has  many  turns  of 
small  wire,  and  is  intended  to  carry 
only  a  small  current,  while  the  series 
field    is    of    low     resistance,      having 
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fewer  turns  tii  larger  wire,  and  car- 
ries the  entire  armature  current.  To 
change  a  shunt  motor  to  a  scries 
motor  the  field  coils  would  have  to 
be  entirely  rewound,  for  approxi- 
mately the  same  number  of  ampere- 
turns  at  full  load.  (bt  -Thi-  de- 
pends entirely  upon  the  characteris- 
tics of  the  machine  such  as  the  re- 
sistance of  the  armature,  etc..  hu! 
will    be   roughlv,    U  '  l  o«i 

r.p.m.      (c)— Tin-   r  n   the 

speed  and  li>a(l  '^- 

pends  on  many  : <"• 

and  can  best  be  exprcsse*!  in  the 
form  ^i  a  curve.  A  characteristic 
spee«l-loail  curve  for  a  small  scnc* 
industrial  motor  is  shown  m  Fig. 
>V>. .  (a)  c.  o.  s. 
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870— S  i  n  g  1  e-Phase     Load     from 
T  h  r  e  e-P  h  a  s  e    Transformer— 

What  is  the  maximum  single-phase 
load  in  amperes  which  may  be  con- 
nected to  a  single-phase  circuit  de- 
rived from  a  100  k.v.a.  three-phase 
transformer?        (Assuming     unity 
power    factor.)    w.  l.  f.  (panama.) 
If  the  winding  of  a  100  k.v.a.  three- 
phase    transformer    is    connected    in 
star  as  shown  in  Fig.  870(a),  it  is 
designed     to     carry     a     current     of 

100  X  I  000  ,  Tr      •  1 

"Y'^f^ —  =amperes,  when  V  is  the 

voltage  between  leads.  If  the  trans- 
former is  connected  in  delta  as 
shown  in  Fig.  870  (b),  the  winding 
is  designed  to  carry  a  current  of 
100  X  I  000  . 

-y"^  amperes.       When      smgle- 

phase  current  is  taken  from  leads  i 
and  2,   Fig.  870    (a),   the  current   in 


of 


100  X  I  000 


=  8.75       amperes 


is 


FIG.  870   (a)   and    (b) 

the  leads  will  be  equal  to  the  current 

in  the  winding  a  and  b,  therefore  the 

single-phase      current      that      corre- 

,    ,  1  r  11  1      1     100  X  I  000 

sponds  to  normal  full-load=-.fr-T/. 

amperes.  Single-phase  current  taken 
from  leads  /  and  2,  Fig.  870  (b),  will 
divide  between  two  circuits,  one  cir- 
cuit through  winding  a  having  an 
impedance  of  Z  and  the  other  circuit 
through  windings  b  and  c  having  a 
combined  impedance  of  2  Z.  The 
current  will  divide  between  these 
two  circuits  proportional  to  i/Z  to 
1/2Z  or  I  to  0.5.  When  winding  a  is 
'^arrying  a  single-phase  current  cor- 
responding to  full  load,  windings  b 
and  c  will  be  carrying  a  current  of 
one-half  that  value,  while  leads  / 
and  2  will  be  carrying  the  sum  of 
the  two  currents  or  1.5  times  the  cur- 
rent in  winding  a.  Therefore,  the 
single-phase  current  from  leads  / 
and  2  that  corresponds  to  normal  full 

,  J  ,  100  X  1 000 
load=i.5  y  ^ — -—  amperes.  As- 
suming a  secondary  voltage  of  6600, 
the  winding  in  phase  a  and  b.  Fig. 
870  (a),  will  be  carrying  a  full-load 
current  when  a  single-phase  current 


6600X  V3 
'.aken  from  leads  /  and  2.  With  the 
same  voltage  but  connected  according 
to  Fig.  870  (b),  phase  a  will  be  car- 
rying full-load  current  when  a  sin- 
'       ,  ,         /  100  X  I  ooo\ 

gle-phase  current  of   ^^    ^^^^^] 

=7.58  amperes  is  taken  from  leads 
I  and  2.  The  same  reasoning  applies 
to  either  primary  or  secondary,  and 
both  windings  must  be  considered. 

J.  F.  p. 
871 — Compounding  of  Rotary  Con- 
verters by  Setting  of  Brushes — 
Please  give  information  regarding 
the  setting  of  direct  -  current 
brushes  on  rotary  converters. 
Wiiat  is  the  proper  method  of  set- 
ting these  on,  say,  three  new  ro- 
tary converters,  so  that  they  will 
compound  alike,  and  have  the 
same  power-factor  at  the  various 
loads?  I  understand  that  changing 
the  setting  on  one  machine  will 
change  the  compounding  on  all 
and  cause  sparking;  is  this  so?  We 
have  three  rotary  converters  in 
our  power  house  that  do  not  com- 
pound alike  at  all  loads;  can  you 
suggest  the  reason  and  remedy? 

G.  M.  D.  (n.  y.) 
If  the  rotaries  are  duplicates  they 
should  have  the  same  brush  setting 
for  operation  at  the  same  load.  The 
ratio  of  alternating-current  to  direct- 
current  volts  and  hence  the  com- 
pounding may  be  affected  by  a 
change  of  brush  position.  It  is  not 
good  practice  to  effect  compounding 
and  load  division  between  rotaries 
of  different  characteristics  in  this 
manner,  owing  to  the  bad  commuta- 
tion usually  experienced  when  it  is 
attempted.  You  should  obtain  an 
adjustment  of  power-factor  and  load 
division  at  all  loads  by  changing  the 
initial  settings  of  the  shunt  field 
rheostat,  by  adjusting  the  series  field 
shunt  resistances  and  by  inserting 
resistance  in  the  equalizer  connec- 
tions where  necessary.  j.  l.  y. 
872 — Efficiency  of  Pumping  Sys- 
tems— What  are  the  relative  mer- 
its and  efficiencies  of  compressed 
air  and  direct  driven  pump  system 
for  sunken  and  deep  well  pumps? 

F.  M.  w.  (md.) 

a — The     reciprocating     deep     well 

pump    will    handle    water    free    from 
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dirt  and  grit  satisfactorily  from 
wells  not  over  500  or  600  feet  deep, 
at  an  efficiency  of  not  much  over  75 
percent.,  including  the  driving  mo- 
tor. Owing  to  the  small  size  of  cyl- 
inders which  can  be  used,  and  the 
comparatively  slow  piston  speeds 
necessary  to  avoid  undue  shock,  only 
a  comparatively  small  amount  of 
water  can  be  pumped.  Also,  this 
type  of  pump  is  limited  to  wells  of 
not  over  six  to  eight  inches  in  dia- 
meter, h — The  turbine  type  of  deep 
well  pump  will  handle  water  not  nec- 
essarily clear,  at  an  efficiency  of 
from  50  to  65  percent.,  including  the 
electric  motor.  For  lifts  of  over  150 
feet  this  type  of  pump  is  seldom  rec- 
ommended, because  of  the  heavy 
thrust  on  the  pump  due  to  the  col- 
umn of  water  above.  Ordinarily,  it 
cannot  be  used  in  wells  of  less  than 
10  to  12  inches  in  diameter,  c — The 
air  lift  pump  will  handle  clear  or 
muddy  water,  but  will  not  have  an 
efficiency  of  over  20  to  30  percent., 
including  air  compressor,  even  un- 
der the  most  favorable  conditions. 
It  can  be  installed  in  wells  of  much 
smaller  diameter  than  required  for 
turbine  deep  well  pumps,  and  for  the 
most  efficient  operation  the  bottom 
must  be  submerged  from  one  to  one 
and  a  half  times  the  lift  from  water 
surface  to  discharge.  The  turbine 
type  pumps,  of  course,  need  only 
have  sufficient  water  to  cover  them, 
and  the  reciprocating  pump  cylinders 
may  even  be  20  to  25  feet  above  the 
water  surface,  d — The  air  lift  pump 
cannot  be  used  in  shallow  wells,  ow- 
ing to  the  amount  of  submersion  re- 
quired, but  for  very  deep  wells,  or 
wells  which  are  very  expensive  to 
drill  and  which  must  be  carried  to 
considerable  depth,  the  first  cost  of 
the  air  lift  system  and  the  fact  that 
there  are  no  moving  parts  beneath 
the  ground  surface,  frequently  make 
It  the  most  economical  installation. 
Also,  if  the  conditions  are  suitable, 
the  air  lift  will  pump  more  water 
from  a  given  sized  well  than  any 
other  known  type  of  pump,  but,  of 
course,  this  will  be  at  an  increased 
power   cost.  D.  s.  B. 

873 — Starting  Induction  Motor  — 
We  have  a  120  hp,  three-pliase  40 
cycle.  220  volt  alternator  for  pow- 
er  and   a  60  hp,    110   volt,   direct- 


current,  two-wire  generator  for 
lighting.  These  are  at  one  end 
of  the  power  house  with  steam 
engine,  which  also  drives  150  hp  of 
machinery,  at  the  other  end.  All 
shaftings,  dynamo  and  alternator 
are  rope  driven.  It  is  intended  to 
use  corporation  supply,  6  500  volt, 
50  cycle,  three-phase  and  keep  our 
plant  as  a  standby.  It  is  proposed 
to  install  a  300  kw,  6  500  to  200  volt 
transformer  to  take  the  whole  of 
the  motor  (present)  load,  and  also 
the  lighting;  the  star  point  to  be 
used  in  the  latter  and  the  load  bal- 
anced on  all  three  phases.  To 
save  the  price  of  a  transformer, 
the  150  hp  of  machinery  will  be 
driven  by  a  150  kw,  6  500  volt,  50 
cycle  induction  motor.  This  mo- 
tor will  stop  about  once  every  three 
months,  it  being  one-half  loaded 
two-thirds  of  its  time.  All  this 
machinery  has  fast  and  loose  pul- 
leys. The  motor  would  only  have 
to  start  up  with  say  15  hp.  a — 
Would  a  squirrel  cage  rotor  work 
well  and  be  preferred?  b — What 
attention  do  these  motors  require 
when  working  and  when  stopped? 
c — What  alternative  voltage  do 
you  suggest  and  why;  i.  e..  if  an- 
other  transformer   be    installed. 

F.  V.  (England) 

a — A  squirrel  cage  type  of  induc- 
tion motor  is  preferable  for  applica- 
tions involving  infrequent  starting, 
provided  the  starting  conditions  do 
not  involve  a  torque  which  is  beyond 
the  pull-out  torque  of  the  motor  as 
a  limiting  factor,  or  which  does  not 
require  so  great  a  starting  current 
as  to  make  its  use  objectionable 
from  the  standpoint  of  the  source  of 
power. 

b — The  motor  should  be  erected 
upon  a  substantial  foundation,  locat- 
ed in  a  clean,  dry,  well  ventilated, 
easily  accessible  place,  free  from 
acid  fumes,  steam,  dripping  water  or 
oil.  and  excessively  high  external 
temperatures.  The  oil  reservoirs 
should  be  filled  with  the  best  qual- 
ity of  dynamo  oil,  which  should  be 
occasionally  replaced  with  fresh  oil. 
The  motor  windings  should  be  kept 
free  from  dust  and  grit  by  an  occa- 
sional blowing  out  with  dry  com- 
pressed air  at  moderate  pressure  or 
with  a  hand  bellows,    c— The  voltage 
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adopted  is  satisfactory  for  plants  of 
this  size  and  is  preferable  in  this 
case  as  the  existing  plant  is  220  volts. 
The  use  of  6500  volts  on  a  motor  of 
this  capacity  would  be  undesirable 
because  the  proportion  of  space  re- 
quired for  insulation  would  be  such 
that  the  design  would  not  be  econo- 
mical. Any  change  in  the  voltage 
would  require  step-up  transformers 
for  the  stand-by  plant.  In  case  of 
extensions  the  voltage  adopted  would 
be  a  function  of  the  load  and  area 
of    distribution.  t.  w.  and  f.  c.  h. 

874 — Insulation  Resistance  of  Al- 
ternator— Given  a  5  000  k.v.a.  60 
cycle,  1 1  000  volt  generator,  what 
would  be  considered  the  minimum 
safe  insulation  resistance  of  the 
stator  after  drying  out,  the  in- 
sulation resistance,  in  the  process 
of  drying  out,  having  attained  its 
lowest  value,  and  being  on  the 
ascendant.  r.  c.  (mass.) 

The  insulation  resistance  should  be 
not  less  than  one  megohm  per  10  000 
volts  used  in  the  breakdown  test. 

I.  I.,  s. 

875 — R  e  g  u  1  a  t  i  on  for  Inductive 
Load — We  have  two  logging 
donkeys  equipped  with  150  hp 
3-phase  wound  secondary  motors. 
The  service  on  these  donkeys  is 
very  severe,  a  stalled  position  be- 
ing very  frequent.  Hence,  the 
voltage  drop  should  be  very  small 
in  this  position.  (Average  all-day 
load,  700  kw-hrs.)  We  have  a  625 
k.v.a.  steam  turbine  set.  We  also 
■have  a  20  ft.  waterfall  capable  of 
developing,  at  low  water,  about  300 
hp  continuously.  I  propose  to  in- 
stall a  400  or  500  k.v.a.  water 
wheel  set  at  these  falls  and  run 
the  625  k.v.a.  generator  as  an 
over-excited  synchronous  motor, 
and  further  to  have  an  inductive 
load  on  the  line  to  be  switched  off 
automatically  when  the  logging 
donkey  is  thrown  on.  In  this  way 
the  sudden  load  thrown  on  the 
generator  would  not  cause  the 
voltage  to  drop  very  much,  as  the 
low  power-factor  load  of  the 
starting  motor  would  be  balanced 
In'  the  inductive  load  and  the  syn- 
ciironous  motor.  This  inductive 
load  being  on  at  times  of  no  pow- 
er output,  would  also  balance  the 
leading    current    of    the    synchron- 


ous motor,  so  the  generator  would 
not  need  to  carry  it.  Would  this 
scheme  probably  be  successful  and 
if  so,  what  size  and  type  of  induc- 
tive load  should  be  used? 

I.  E.  C.   (iDAHO) 

There  is  no  reason  for  adding  the 
complication  and  expense  of  the  in- 
ductive load  as  proposed  in  this 
question.  The  same  automatic 
means  that  would  connect  and  dis- 
connect this  inductive  load  can  be 
used  to  increase  or  decrease  the  ex- 
citation of  the  625  k.v.a.  steam  tur- 
l)ine  generator.  In  this  way,  the 
amount  of  leading  k.v.a.  supplied  to 
the  logging  motors  can  be  varied  to 
suit  the  conditions  of  normal  opera- 
tion or  otherwise.  The  field  exci- 
tation of  the  steam  turbine  gener- 
ator acting  as  a  synchronous  motor 
L-an  be  varied  closely  by  means  of  a 
Tirrill  regulator,  or  approximately 
by  one  or  more  switches  that  short- 
circuit  sections  of  the  synchronous 
motor   field    rheostat.  f.  d.  n. 

876 — Burned    Commutator    Bars  — 

We    have   two   22   kw,   b  pole,    176 
ampere,    direct-current     generators 
working    as    exciters,     in     parallel, 
operating     in     connection    with    a 
voltage    regulator    at    125    volts    at 
full  load.     The  load  is  never  more 
than      150     amperes     each.     What 
would   cause  the   commutator   bars 
to  burn  under  the  brushes,  at  three 
equidistant   points   on   the   commu- 
tators?     From  two   to   three   adja- 
cent   bars    at    each    place    are    af- 
fected. J.  M.  D.  (ARIZONA) 
Blackened  bars  on  the  commutator 
commonly   indicate   poor    brush    con- 
tact.    This   may   be   due   to   a   rough 
commutator,    either    from   high    mica 
or    high    bars,    and   once    started    the 
burning  action  tends  to  spread.     Any 
disturbance  of   one   brush   arm  tends 
to  set  up  a  secondary  disturbance  at 
other    brush    arms    of    like    polarity, 
and    if    the    conditions    are    extreme 
this    action    will    also    be   transmitted 
to    brush    arms    of   the    opposite    po- 
larity.    The   commutators    should    be 
carefully  observed  to  locate  the  point 
of     initial      disturbance    and     either 
ground  or  turned  to   remove  he  dif- 
ficulty.     Also,    undercutting     of     the 
mica  will  tend  to  overcome  this  trou- 
ble, and  is  probably  the  easiest  rem- 
edy in  this  case.  R.  h.  t. 
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877 — Operation  of  Exciters — (a) — 
is  it  necessary  to  use  compound- 
wound  exciters  in  connection  with 
a  Tirrill  regulator?  (h)  Will  a 
compound-wound  and  siiunt  wound 
exciter  operate  well  in  parallel? 
(c)  If  a  sliort-circuited  band  is 
placed  between  the  two  halves  of 
a  single  shunt  field,  will  it  reduce 
the  e.m.f.  of  self-induction  when 
the  field  circuit  is  open,  as  for  in- 
stance, by  a  Tirrill  regulator?  Will 
this  copper  l)and  cause  the  field 
strength  to  respond  slowly  to 
changes  in  exciting  current?  (d) 
To  what  percentage  of  full-load 
current  can  the  field  current  of  a 
closed  slot,  heavily  damped  alter- 
nator be  lowered  before  it  will 
drop  out  of  synchronism,  and  what 
would  be  the  minimum  percentage 
of  a  normal  field  current  necessary 
to  hold  an  open  slot  alternator, 
without   dampers,   in   syncIiR)nism  ? 

K.  U.  C.  (lAL.  ) 

(a)  No,  but  compound-wound  ex- 
citers are  sometimes  used  because 
the  series  field  winding  supplements 
the  regulator  or,  to  express  it  an- 
other way,  a  slightly  smaller  shunt 
field  current  and  therefore  a  smaller 
regulatcjr  is  required  with'  a  com- 
pound-wound exciter  than  with  a 
shunt  machine.  On  the  other  hand 
the  compound  -  wound  exciter  is 
more  sluggish  than  tiie  shunt  exciter, 
so  that  tlie  sluint  exciter  is  generally 
preferred,  (b)  Xo.  (c)  If  the  cop- 
per hand  is  around  the  poles,  it  will 
oppose  any  change  of  flux  in  the 
poles  and  therefore  tend  to  make  the 
flux  change  slowly,  tbereliy  reducing 
Ihc  e.m.f.  of  self-induction,  (d)  Or- 
dinarily a  very  small  field  current, 
Ifss  than  one-third  normal,  is  re- 
quired to  hold  an  alternator  in  syn- 
chronism unless  tlie  line  or  engine 
conditions  are  unfavorable  to  parallel 
operation.  We  know  ni  no  compar- 
ative experiment  to  determine  the 
difference  between  the  two  tyiK-s  of 
alternators  mentioned.  In  any  event 
the  value  of  field  current  in  any  par- 
ticular case  would  have  to  be  deter- 
mined  experimentally 

878 — Torque  of  Wattmeter  Disc— 
(a)  Is  there  any  formula.  emi)ir- 
ical  or  otherwise,  for  calculating 
the  torque  exerted  nn  the  alumi- 
num disc  of  a  wattmeter  bv  the  re- 


tarding magnets?  (b)  Dfies  a  va- 
riation in  temperature  affect  the 
retarding  f(jrce  to  any  appreciable 
extent?  (c)  What  difference  in 
operation  is  obtained  when  a  thick 
disc  is  used?  When  a  thin  one  is 
used?  T.  F.  K.  (n.  v.) 

(a)  We  know  of  no  formula,  used 
in  practice,  for  tiie  calculation  of  the 
torque  exerted  on  the  rotating  disc 
of  a  watthour  meter  by  the  magnets. 
This  torque  is  determined  by  experi- 
ment, (b)  In  general,  variation  in 
temperature  affects  the  retarding 
ftjrce,  as  the  resistance  of  the  disc 
is  increased  or  decreased.  In  watt- 
hour  meters  of  the  induction  type, 
where  the  driving  or  electro-magnet 
and  the  dragging  or  permanent  mag- 
net act  on  the  same  disc,  a  change 
in  the  resistance  of  the  disc  has  lit- 
tle or  no  affect  on  the  speed.  In  di- 
rect-current watthour  meters,  where 
the  disc  is  used  only  for  drag  pur- 
poses, the  temperature  effect  on  the 
disc  has  to  be  taken  into  account. 
Compensation,  in  cases  where  alumi- 
num discs  are  used,  is  generally  ob- 
tained by  the  use  of  copper  resist- 
ance in  the  shunt  circuit,  as  copper 
ynd  aluminum  have  alxuit  the  same 
temperature  coefficient.  .\n  increase 
in  temperature  would  tend  to  in- 
crease the  shunt  circuit  resistance 
and  decrease  the  shunt  circuit  cur- 
rent, thus  decreasing  the  driving 
tortjue  of  the  armature,  which  would 
tend  to  counteract  the  decreased 
drag  torque  resulting  from  the  in- 
crease of  disc  resistance. 

(c)  For  a  given  toniue,  the  thicker 
tlie  disc  the  weaker  the  magnets  re- 
(|uired.  The  ratio  of  the  torque  to/ 
the  weight  of  the  moving  element 
should  be  maintained  as  high  a.s 
practical,  so  as  to  reduce  frictit>n  er- 
rors to  a  minimum.  In  view  of  tins 
the  disc  is  generallv  made  thin  and 
light.  c.  B.  B. 

879 — A     Commutation     Problem 
We    have    tw"     -imilar     nvt  'r-..  ,1 
erator      sets      with      direct-current, 
non-interi)ole.    shunt     wound     gen- 
erators, rated  at  .M7  >  kw    14  poles 
and    brush    . 
volts,    2  IJ^ 

lo  brushes  per  arm,  hru>n  cros-*- 
section  I'/j'  by  i".  cijametcr  of 
commutator  28.5  in.  These  xm- 
erators  run  at  2800  and  3000  am- 
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peres  continuously.  After  trying 
several  types  of  brushes,  we  found 
that  a  carbon  brush  with  seven 
strips  of  copper  gauze  running 
across  the  commutator  is  the  only 
kind  that  will  commutate  properly. 
The  objection  to  the  use  of  this 
brush  is  that  it  wears  away  the 
commutator  too  rapidly.  Accord- 
ing to  the  manufacturers'  drawing, 
the  commutator  diameter  was  28.5" 
when  new  (1907).  Recent  mea- 
surements are  as  follows :  1910, 
27.9";  1911,  27.6";  1912,  27.2". 
What  will  limit  the  life  of  commu- 
tator, mechanical  strength  or  heat- 
ing? How  thin  will  we  be  able  to 
wear  the  commutator?  We  have 
recently  tried  a  soft  carbon  brush. 
Both  commutator  and  brush-face 
had  a  good  polish,  but  got  very 
'hot,  and  brushes  chattered  so  much 
that  we  took  them  off.  The  brush 
people  said  that  the  trouble  was 
due  to  high  mica  and  that  the  cop- 
per gauze  kept  the  mica  worn  off 
even  with  the  copper,  and  that  the 
heat  was  due  to  friction  caused  by 
high  mica.  They  advised  us  to  un- 
der-cut the  mica  and  use  a  soft 
brush  to  lengthen  the  life  of  the 
commutator.  Would  high  mica 
cause  heating  with  no  sparking? 
Would  you  advise  under-cutting? 
What  apparatus  could  be  used  for 
undercutting  without  removing  the 
armature  from  the  field? 

0.  R.  s.  (w.  VA.) 

The  commutators  can  probably  be 
worn  down  to  a  diameter  of  about  26 
inches,  hence  if  the  rate  of  wear  re- 
mains the  same  as  during  the  past 
five  years,  their  total  life  will  be 
about  eleven  years.  The  limit  of  the 
life  of  commutators  is  mechanical 
strength  and  not  heating.  The  com- 
mutators may  be  worn  down  until 
they  begin  to  show  roughness  at  the 
outer  end  due  to  springing  of  the 
commutator  bars  from  centrifugal 
forces.  A  paraffine  lubricant  used 
with  the  copper  gauze  brushes  will 
probably  reduce  the  amount  of  wear. 
High  mica,  if  it  exists,  will  cause 
heating,  probably  due  to  sparking  un- 
der the  brushes  which  may  not  be 
very  noticeable.  Undercutting  the 
commutator  will  probably  be  all  right 
if  the  generators  are  kept  reasonably 
clean.       This     undercutting     can     be 


by   the    engine    be 


done  with  a  hand  tool  made  out  of  a 
hack  saw,  or  there  are  several  spe- 
cial tools  for  accomplishing  the  same 
purpose.       It    can    be    done    without 
removing  the  armature.     See  also  ar- 
ticle on  "Care  and  Operation  of  Com- 
mutators," by  Mr.  W.  A.  Dick,  in  the 
TouRNAL  for  May,  1912,  p.  378.    d.  h. 
880— Testing     Gas     Engines  —  We 
are  desirous  of  testing  65   hp  gas 
engines,    the    load    to    be    a    three- 
phase   induction   motor,   the   motor 
starting  the  engine,  then  the  engine 
driving  the  motor  above  synchron- 
ism   of    the    factory    mains.      (a) 
Would  a  65  hp  induction  motor  be 
of  sufficient  capacity?       (b)    How 
much    above   synchronism    (60   cy- 
cle supply)    would  a  standard  mo- 
tor have  to  be  driven?     (c)   What 
effect    would    a    change    of    speed 
have  on  the  "induction"  generator 
output?      (d)    What    would    be    a 
simple     and     accurate    switchboard 
equipment    for    the    above    testing 
set?       (e)  Would  the  hp  delivered 

kw  output 

0.746  X  motor  eff. 
(f)  How  would  the  motor  "load- 
ing back"  effect  the  power-factor 
of  the. line?  (g)  Is  there  any  ob- 
jection to  using  this  method  of  ob- 
taining an  accurate  testing  load? 
(h)  Is  not  this  method  preferable 
to  prony  brakes,  water  rheostats, 
etc.,  inasmuch  as  it  effects  a  sav- 
ing at  the  meter  by  helping  out  on 
the  factory  load?  b.  h.d.  (cal.) 
(a)  A  65  hp  motor  would  be  sat- 
isfactory, provided  it  had  the  same 
overload  capacity  as  the  gas  engine. 

(b)  The  motor  will  exert  a  counter 
torque  when  driven  above  synchron- 
ism at  a  certain  negative  slip,  which 
is  approximately  the  same  as  its  mo- 
tor torque  when  running  at  the  same 
slip  below  synchronism.  In  other 
words,  if  the  motor  has  four  percent 
slip  when  running  as  a  motor  and  de- 
livering 65  mechanical  hp,  it  will  de- 
liver approximately  the  equivalent  of 
65  hp  as  a  generator  when  driven  at 
104    percent    of    synchronous    speed. 

(c)  Assuming  the  frequency  of  the 
supply  circuit  to  be  maintained  nor- 
mal, if  a  squirrel  cage  motor  were 
used,  it  would  be  necessary  to  have 
the  speed  of  the  gas  engine  such  that 
the  induction  generator  would  have 
exactly  the  right  negative  slip  to  give 
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the  desired  load.  If  a  wound  rotor 
induction  motor  were  used,  resist- 
ance CDuId  be  inserted  so  as  to  give 
a  certain  negative  slip  for  a  given 
torque  just  as  resistance  may  be  in- 
serted in  a  motor  circuit  to  decrease 
tlie  speed  under  a  given  load.  This 
would  have  the  drawback  that  power 
would  be  lost  irt  the  resistance  in  pro- 
portion to  the  total  power  generated 
almost  in  the  percentage  that  the  op- 
erating speed  varied  from  synchron- 
ous speed.  (d)  The  switchboard 
should  contain  a  suitable  oil  circuit 
breaker  which  may  be  combined  with 
the  starting  device  if  a  squirrel  cage 
induction  motor  is  used  and  should 
have  a  polyphase  indicating  wattme- 
ter with  a  scale  of  about  20-0-80  kw 
to  show  whether  the  machine  was 
working  as  a  motor  or  generator,  (e) 
Tliis  statement  would  be  true  if  all 
ci>nditions  as  regards  speed,  etc.,  were 
correct,  (f)  Whether  running  as  a 
mot.or  or  a  synchronous  generator, 
tlic  induction  machine  would  in  any 
case  draw  its  magnetizing  current 
from  the  line.  This  current  may  run  as 
high  as  30  or  40  percent  of  the  full 
load  current  of  the  motor,  so  that 
this  amount  of  wattless  current  is 
added  directly  to  the  wattless  com- 
ponent, being  drawn  from  the  supply 
circuit  with  consequent  reduction  in 
power-factor,  (g)  Considered  sole- 
ly from  the  standpoint  of  testing  the 
gas  engine,  it  would  seem  that  this 
sclicme  is  possible  and  could  be 
worked  out  satisfactorily,  (h)  Tak- 
ing into  account  all  the  features  of 
this  proposed  scheme  it  would  seem 
to  \)c  practical)le,  but  in  many  ways 
to  be  less  desirable  than  a  corre- 
sponding scheme  for  "loading  back" 
a  direct-current  generator  on  a  di- 
rect-current circuit  In  this  connec- 
tion, sec  "Automol)iU-  Engine  Test- 
ing by  Electric  Motors,"  by  Mr.  A.  G. 
Chapin.  in  the  Journai,  for  Novem- 
^r.  t0l2  .\  M  M    .wris  on. 

881— -Synchronizing  Alternators  — 
Is  it  practical  to  connect  a  750  kw 
generator  to  a  i  500  kw  system  as 
follows:  Bring  the  generator  to 
•.vnchronous  speed  with  both  field 
ami  main  switches  open.  Close  the 
main  switch  and  an  instant  later 
the  field  switch.  Is  there  a  possi- 
bility of  the  field  poles  being  of 
the   wrong  polarity   after   the   field 


switch    is   closed?  r.  b.  c.  (cal.) 

The  generator  with  main  switch 
closed  and  field  switch  open  will  be 
operating  as  an  induction  motor  or 
generator,  depending  on  its  speed. 
When  the  field  switch  is  closed,  the 
generator  must  be  brought  into  exact 
synchronism,  if  it  was  not  so  oper- 
ating, and  the  field  excitation  into 
correct  relation  with  the  field  set  up 
by  the  armature  winding,  if  this  con- 
dition did  not  happen  to  exist  when 
the  field  switch  was  closed.  Both  of 
these  adjustments  may  mean  a  large 
armature  current,  which  can  easily  be 
objectionable.  If  the  field  is  excited 
directly  out  of  phase,  the  armature 
current  will  have  to  be  sufficiently 
large  to  give  double  the  normal  field 
ampere-turns.  Whether  this  is  a 
momentary  of  steady  condition  de- 
pends on  whether  the  design  of  the 
generator  permits  it  to  slip  a  pole 
when  the  main  switch  is  closed.  It 
is  evident  from  the  above  that  it  is 
not  practicable  to  connect  a  generator 
to  another  generator,  as  proposed  in 
the  question,  without  synchronizing. 

F.  D.  N. 

882 — Why    is    a    vacuum    measured 
in  inches?  o.  m.  (  ihaiio  ) 

.\  vacuum  is  ordinarily  measured 
in  inches  of  mercury,  simply  because 
this  is  the  most  convenient  and  ac- 
curate method.  It  could  be  measured 
in  feet  of  water,  if  desired,  but  in 
this  case  the  gage  would  have  to  be 
over  30  feet  long.  When  an  ordinary 
pressure  gage  is  used  to  measure 
vacua,  it  could  be  calibrated  in  pounds 
per  square  inch,  or  in  any  other  way 
desired,  but  such  gages  are  always 
calibrated  against  a  mercury  tube  as 
a  standard,  and  hence  it  has  become 
customary  to  refer  to  all  vacuum 
measurements  in  terms  of  inches  of 
mercury.  *'  R  R 

883 — Demonstration     of     Rotating 
Magnetic  Field  --(a)  —  Is  it  posst 
lile  to  demonstrate  a  r 
nctic    field    with    singb    , 
rent  by  using  a  round  coi!  with  a 
piece  of  glass  laid  over  it  so  •'•^' 
small    pieces   of   strr!    will    ?e: 
travel  nmiui  !  •' 

glass,   b,i.><cil   '•;  '"'' 

in  starting    siTHjU-  pii.i-e 
motors?      Please   uidicatc   ;.- 
essary   amount   of   wire    and 
and  the  arrangement,     (b)    If  tins 
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is  not  possible,  please  state  the  di- 
mensions for  connecting  to  two- 
phase  440  volts  with  lamps  in  se- 
ries. E.  E.  M.  (iND.) 
(a)  It  is  possible  to  show  the  ro- 
tating magnetic  field  by  the  use  of 
single-phase  current  by  means  of  a 
teaser  coil  or  phase  splitter,  as  shown 
in  Fig.  883  (a),  the  coil  being  wound 
around  a  laminated  iron  core  as 
indicated:  Since  this  device  can- 
not give  a  complete  quadrature 
relationship  between  the  main  and 
derived  currents,  more  power  will 
be  required  to  produce  the  de- 
sired effect.  (b)  The  best  ar- 
rangement will  be  to  use  the  two- 
phase  current  if  available,  arranging 
a  laminated  iron  ring  about  6  or  8 
inches  in  diameter,  one  square  inch 
section,  or  larger,  if  desired;  wind 
this  with  two  layers  of  No.  20  d.c.c. 
copper  wire  and  connect  as  shown  in 


Phase. 


FIGS.  883   (a)   and   (b) 

Fig.  883  (b),  with  sufficient  lamps  or 
other  resistance  in  the  circuit  to  pro- 
duce the  desired  magnetic  strength. 
A  very  effective  demonstration  is 
produced  by  "blowing"  an  &^g,  cov- 
ering the  shell  with  plumbago  and 
copper-plating  it  with  a  fairly  heavy 
covering.  When  placed  on  the  plate 
over  the  laminated  ring,  such  a  plat- 
ed egg  will  spin  on  end.  Similar  re- 
sults can  be  obtained  with  a  hollow 
metal  ball  or  top,  while  a  common 
brass  washer,  if  started  rolling 
around  the  plate,  will  continue  to 
roll  indefinitely  in  a  circular  path. 
If  it  is  not  desired  to  wind  a  coil 
specially  for  this  purpose,  the  stator 
of  a  small  induction  motor,  either  sin- 
gle-phase or  polyphase,  can  be  used 
by  removing  the  rotor  and  end 
frames.  Ordinarily  it  is  necessary  to 
place  a  resistance  in  series  in  order  to 
limit  the  current.  p.  t. 

884 — Reaction  in  Shunt  Wound 
Direct-Current  Generator — What 
is  the  reaction  which  takes  place  in 
a  direct-current  shunt  generator,  if, 


when  at  rest,  the  leads  to  the  field 
coils  are  reversed ;  the  machine  is 
then  started  up  again  with  direc- 
tion of  rotation  and  position  of 
brushes  remaining  the  same? 

J.  w.  G.  M.  (England) 

After  the  change  as  above  de- 
scribed is  made,  the  generator  will 
not  build  up  its  voltage.  A  gen- 
erator depends  upon  residual  mag- 
netism to  start  to  build  up  the  volt- 
age, hence,  if  the  field  winding  is  so 
connected  that  as  soon  as  the  voltage 
starts  to  build  up,  the  magnetism  pro- 
duced by  the  field  excitation  opposes 
the  residual  magnetism,  a  condition 
of  zero  magnetism  is  then  obtained 
and  the  voltage  will  not  build  up. 
Even  though  the  field  is  "flashed" 
from  a  separate  direct-current  source, 
the  machine  will  not  generate  voltage 
if  the  connections  are  so  made  that 
the  polarity  of  the  brushes  causes 
current  to  flow  through  the  field  in 
a  direction  tending  to  oppose  the  re- 
sidual magnetism  and  reduce  the  mag- 
netism and  voltage  to  zero.      j.  m.  h. 

885— -Motor-Generator  Set  for  Tel- 
ephone Exchange  —  The  direct- 
current  motor  generator  set  in  a 
telephone  exchange  consists  of  two 
one-half  hp  machines,  the  motor 
being  wound  for  220  volts  and  the 
generator  for  45  volts.  Both  arma- 
tures have  the  winding  tapped  at 
the  commutator  just  one  bar  less 
than  half  way  around,  the  taps  be- 
ing taken  to  slip-rings  at  the  rear 
of  the  armature  to  get  single-phase 
current  for  ringing  the  telephone 
bells.  As  the  set  runs  at  i  200  r.p. 
m.,  the  220  volt  machine,  which  has 
two  poles,  delivers  20  cycle  cur- 
rent, and  the  45  volt  machine  hav- 
ing six  poles  delivers  60  cycle  cur- 
rent, the  alternating  current  from 
both  machines  passing  through  sep- 
arate transformers  to  get  the  de- 
sired voltage.  The  machines  are 
convertible,  that  is,  the  45  volt  ma- 
chine can  be  run  from  the  storage 
battery,  and  the  220  volt  machine 
has  a  generator,  exciting  its  own 
field;  also  the  45  volt  machine  ex- 
cites its  own  field  when  it  is  run  as 
a  generator.  Alternating  current 
is  taken  from  both  machines  at  all 
times.  When  the  45  volt  machine 
was  running  as  the  generator,  it  re- 
fused to  pick  up  its  voltage  unless 
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the    field    was    excited    from    some 
(iUtsidt  source.     The  armature  and 
tiehl  coils  were  tested  and  found  to 
he  in  good  condition,  the  fields  liav- 
ing  a  resistance  of  60.6  ■)hms,  or, 
lo.i  ohms  per  field.     With  the  al- 
ternating-current   load    disconnect- 
ed, tlie  machine  would  pick  up,  hut 
as   soon   as   the    load    was    on,    the 
machine    lost    its    field    excitation. 
When  the  fields  were  separately  ex- 
cited from  the  battery,  the  generat- 
or   voltage     was     maintained,     but 
when   the    alternating-current    load 
came   on    bjtli     machines     simulta- 
neously, they  would  slow  down  in 
speed,  with  a  resulting  drop  in  volt- 
age, the   hrusiies   being   set   on   the 
exact  neutral  point.     With  a  light- 
er load,  no  trouble  whatever  exists. 
My  theory  is  that  the  alternating- 
current  robbed  the  fields  of  the  cur- 
rent   necessary    to    properly    excite 
them  and    thus    the    residual    mag- 
netism of  tlie  machine  was  killed, 
but  when    the   machines   were   run 
from  the  battery,  the  battery  cur- 
rent kept  the  fields  excited.     Is  my 
theory  correct,  or  should  there  be 
some  other  explanation? 

E.  J.  F.  (ill.) 

When  the  motor  generator  set  is 
being  driven  from  the  220  volt  ma- 
chine, the  45  volt  machine  is  acting 
as  a  double-current  generator.  In 
such  a  generator  the  alternating  cur- 
rent and  the  direct  current  have  the 
same  direction  in  the  armature  wind- 
ings. From  all  indications  this  gen- 
erator operates  at  a  point  too  low 
down  on  the  saturation  curve.  If  a 
low  Voltage  direct-current  self-excit- 
ed generator  such  as  this  operates 
some  distance  below  the  knee  of  the 
saturation  curve,  the  voltage  would 
be  liable  to  fall  off  entirely  as  the  load 

■  '<■  on,  and  especially  under  very 
i  ivy  loads.  This  is  due  to  the  fact 
that  the  lower  part  of  the  saturation 
curve  appmximates  very  closely  a 
straight  line,  where  the  field  excita- 
tion is  directly  proportional  to  the 
voltage.  When  the  load  comes  on  the 
main  field  flux  is  distorted  and  weak- 
ened somewhat,  due  to  the  effect  on 
it  of  the  flux  due  to  the  armature  am- 
pere-turns. This  lowers  the  induced 
v'>Itagc,  which  in  turn  decreases  the 
field  exritation  a  proportional  amount, 


the  weakened  field  lowering  the  volt- 
age  altogether.     On   the   other   hand, 
if    the   generator    works   normally   at 
a    point    on    the    curve    close    t(j    the 
Ijcnd,  when  the  induced  voltage   falls 
off  a  little  due  to  the  armature  reac- 
tion the  field  excitation  does  not  fall 
off  proportionally,  and  therefore  the 
voltage   will   drop  to   a  certain   point 
and    remain    there.      When    the   gen- 
erator carries  the  direct-current  load 
alone,   it  is   evidently   lightly   loaded, 
so    that    the    armature    ampere-turns 
are   low   compared   to    the   field   am- 
pere-turns.    When,  however,  the  al- 
ternating-current load  is  put  on,  the 
armature    ampere-turns     increase    in 
proportion    until    the    field    distortion 
is  noticeable,   to  the  extent  that   the 
voltage    falls   off   as   mentioned.      If 
the  generator  was  heavily  loaded  on 
the  direct-current   side  only,   the  ef- 
fect would  be  the  same.     There  are 
two   ways  that  the  trouble   could  be 
corrected.     The  simplest  would  be  to 
separately  excite  the  generator  from 
the    storage    battery,    or     from      the 
source   of    the   220  volt    supply   with 
sufficient    resistance    in    series    with 
the  field  to  lower  the  voltage  across 
the  field  to  the  normal  amount.  The 
second  plan  is  to  work  some  part  of 
the  magnetic  circuit  at  a  higiier  flux 
density.      For   instance,   if   there   are 
liners  behind   the   main   poles,   which 
have    the    same    cross-section    as    the 
pole  lyjdy.   these  could  be  cut   down 
so  that  the  section  of  the  part  of  the 
flux    through    the     liners     is     small 
enough   to   be   pretty   highly   saturat- 
ed. Then  the  saturation  curve  of  the 
generator    will    start    to    bend    at    a 
lower  value  of  tlie  flux  than  foriner- 
ly,  and  if  the  size  of  the  liners  is  de- 
creased the  correct  amount,  the  point 
at    which    the    machine    operates    on 
the  curve  can  be  made  to  come  close 
to   the   bend.     How   much   to   cut   off 
the  liners  could  only  be  calculated  if 
the  constants  and  dimensions  of  the 
generator    are      knt)wn.      The      first 
metliod  is  simpler,  and  of 

fifty  volts   or  less   are  <le- 

signed  to  be  separately  \^  ith 

the    second    method  field 

coils  might  be  m-edtd.  .ng  on 

how    nuuh  ;>    in    the 

coils  ;it   nr<  ;ieralor. 

ecu 


4o6 


THE  ELECTRIC  JOURNAL 


886 — Spotting    on    Commutator    of 
Commutating-Pole    Generator  — 

Twelve  distinctive  spots  covering 
two  to  five  bars  have  developed  on 
a  six  pole,  175  kw,  500-600  volt 
commutating-pole  generator  which 
we  are  operating,  although  the 
machine  is  not  overloaded.  The 
spots  are  located  symmetrically 
around  the  commutator  with  a 
spacing  corresponding  to  one-half 
that  of  the  six  sets  of  brushes. 
Growth  of  the  trouble  has  been 
prevented  only  by  continued  sand- 
papering. After  trueing  the  com- 
mutator by  means  of  an  emery 
wheel  grinder,  the  trouble  disap- 
pears entirely  for  a  day  or  so. 
Please  suggest  cause  and  remedy 
of  trouble.  Is  it  possibly  caused 
by  reversed   armature  leads? 

w.  c.  M.  (kas.) 
As  there  are   12  marked  points  on 
the    commutator    which    are    equally 
spaced,  it  may  be  possible  that  only 
four  cross  connecting  rings  are  used 
on    this    winding    (we    are    assuming 
this    is    a    parallel    wound    machine), 
and  if  such   should  prove   to  be  the 
case,  we  would  advise  that  the  num- 
ber of  cross  connections  is  too  small, 
as   the    marking   of   the   commutator 
would  correspond  exactly  to  the  taps 
from    the    cross    connection    rings   to 
the    commutator   bar.      In   this    event 
the    cure    would    be    to    increase    the 
number   of  cross   connectors.     See 
also  No.  876,  this  issue. 
887 — Connections    for    Two-Speed 
Induction        Motor — Will        you 
please    give     diagram    or    explain 
manner     of     connecting     a     three- 
phase,   60   cycle,   six   coil   induction 
motor   for  synchronous   speeds  of, 
respectively,    1 800   and  3  600.    Ex- 
plain how   with   six   coils,   and  two 
diammetrically    opposite    coils    per 
phase  (either  in  series  or  parallel), 
four  poles   are   established. 

T.  L.  M.  (Mexico) 
The  connections  for  four  poles  and 
two  poles  are  shown  in  Figs.  887  (a) 
and  (b),  respectively.  It  should  be 
noted  that  six  coils  are  only  enough 
for  two  poles,  three  phase,  with  or- 
dinary connections,  but  when  the  two 
coils  in  phase  A  are  both  connected 
for  north  poles,  for  example,  two 
consequent  south  poles  are  formed 
half  way  between  these  two  north 
poles.    Thus  Fig.  887   (a)   represents 


the  connections  for  a  four  pole  mo- 
tor of  n  horse-power,  and  Fig.  887 
(b)  connections  for  a  two  p-ole  motor 
of  2M  horse-power.  The  reason  the 
groups  are  in  series  on  the  low  speed 


FIGS.  887   (a)  and  (b) 


and  in  parallel  on  the  high  speed  is 
because  approximately  twice  as  many 
turns  are  required  for  the  necessary 
founter  e.m.f.  on  the  low  as  on  the 
high  speed.  a.  m.  d. 

888 — Paralleling  Alte  rn  a  t  o  r  s — 
Please  explain  why,  if  two  direct 
connected  engine-driven  alternators 
are  synchronized  or  connected  to 
the  bus-bars  when  slightly  out  of 
phase,  current  will  surge  from  one 
machine  to  the  other  for  hours  and 
sometimes  all  day.  I  have  always 
thought  that  this  was  caused  by  the 
governors  of  the  engines  pumping 
back  and  forth,  as  I  understood  the 
tendency  of  alternators  is  to  draw 
into  phase  and  stay  there.  I  have 
often  seen  operators  after  syn- 
chronizing, open  the  switches  and 
phase  in  again  when  they  made  a 
poor  phase  in  the  first  place. 

L.  A.  F.  (mass.) 
If  poor  synchronizing  results  in 
continued  hunting,  the  generators 
must  have  very  little  damping  capac- 
ity, or  the  natural  period  of  the  gen- 
erators must  correspond  very  closely 
with  the  impulses  transmited  by  the 
engine.  It  is  true  that  alternators 
tend  to  draw  into  phase  and  stay 
there,  but  the  coincidence  of  generat- 
or natural  periodicity  and  engine  im- 
pulses or  conditions  in  the  engines, 
governors,  etc.,  that  tend  toward 
hunting,  may  cause  the  phenomena 
described  in  the  question.  In  some 
cases,  with  engines  of  equal  speed, 
the  hunting  may  be  apparent  when 
the  machines  are  in  parallel,  with 
the  engine  cranks  not  in  phase  with 
each  other,  while  the  hunting  may  dis- 
appear when  the  machines  are  paral- 
leled  with  the   cranks  in   phase. 

F.  D.  N. 
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889 — Design    of    Transformer    for 
Wireless  Telegraphy — i  liave  the 
(.(iinplctc  design    \si irked   out   for  a 
one  kw,  60  cycle,  no  to  20000  volt 
step-up,  closed  core  wireless  trans- 
former.    What  simple  rule  applies 
to  changing  the  design  as  regards, 
for  instance,  a  change  to  no  volts, 
30  cycles  or   no  volts   120  cycles? 
For  a  change  to  30  cycles  from  60 
cycles,      what      approximate      rule 
would   apply   as   regards   the  cross 
section  and  length  of  the  iron  core? 
How    about    the    primary    winding 
and  also  the  secondary  20000  volt 
winding?     I  presume,  other  things 
being  equal,  that  the  primary  cur- 
rent for  no  volts  30  or  120  cycles, 
would  be  the   same   approximately 
as  for  no  volts  60  cycles.     Is  this 
correct?  What  is  the  efficiency  of  a 
one  kw  open  core  transformer  of 
good  design  with  the  above  voltage 
ratios?  h.  w.  s.  (new  york) 

The  induction    in    the    core    for    a 
given  voltage  and  number  of  turns  is 
inversely    proportional     to    the     fre- 
quency,   therefore,    if    the    induction 
and  voltage  are  maintained  constant, 
cither  the  area  or  the  number  of  turns 
or  their  product  must  be  increased  in 
inverse  proportion   to  the   frequency. 
.\  good  rule  to  follow  is  to  increase 
both   the    area    and    the    number    of 
turns  inversely  as  the  square  root  of 
tile   frequency,  and  keep  the  propor- 
tions of  the  core  the   same.     If  the 
same  core  is  to  be  used  for  30  cycles 
as  for  60,  approximately  double  the 
number  of  turns  of  finer  wire  may  be 
used,  and  a  transformer  obtained  of 
lower  output.    To  ol)tain  the  same  re- 
sults at  30  cycles  as  at  60  cycles  will 
require  the  same  amount  of  power, 
but    this   capacity    required     will     be 
greater  at  the  lower  frequency.     The 
efficiency  of  a  good  commercial  22000 
volt,  one  kilowatt  transformer,  at  full 
load,  should  be  about  85  percent. 

(■  r. 
890 — Make-Shift    Motor    Starter — 
if  an  auto-starter  for  a  50  hp.  three 
phase.  220  volt  squirrel  cage  motor 
becomes   damaged,   could    I    use   a 
water    rheostat    in    each    line     for 
starting  until  the  auto-starter  is  re- 
paired? J.  R.  A.  (cforgia) 
.\  water  rheostat  would  be  entirely 
satisfactory    for   emergency    starting, 
if   of.  sufTicicnt   current    carrying   ca- 
pacity and  having  sutTuient  resistance. 
Only  two  rheostats  would  be  neces- 


sary, one  in  each  of  any  two  of  the 
three   phases.  c.  i<.  R. 

891 — Power  Rate  for  Electric  Spot 
Welding — We  would  like  to 
learn  of  some  equitable  tariff  for 
electric  spot  welders.  Wc  have  been 
informed  that  some  power  compa- 
nies charge  on  a  kw-hour  basis  at 
five  or  six  cents  per  kw-hour,  but 
as  the  duration  of  the  welding  op- 
eration is  short,  the  power  con- 
sumption cannot  be  measured  ac- 
curately, owing  to  the  lag  of  the 
meter.  Also,  assuming  that  all  of 
the  current  consumed  is  measured, 
the  return  from  this  method  of 
charging  does  not  seem  adequate  to 
cover  fixed  charges  on  the  large  ca- 
pacity of  equipment  necessary  to 
supply  energy  for  these  machines. 
The  regular  flat  rate  for  motors 
based  on  installed  capacity  of  ma- 
chines, seems  to  be  too  large. 

H.  J.G.  (ONT.VRIO) 

One  large  company  who  have  quite 
a  heavy  load  in  spot  welders  charge 
the  following  rate  for  this  type  of 
service : 

Less  than   100  hours,  monthly  use, 
maximum    demand,    1.5   cent   per 
hp-hr. ;   100  to  200  hours  month- 
ly use,  maximum    demand,    1.25 
cent     per     hp-hr. ;     200     to     300 
hours  monthly  use,  maximum  de- 
mand, 1. 125  cent  per  hp-hr.   Over 
100    hours    use — i    cent   per   hp- 
hr. 
This   company   finds  it  very   desir- 
able  to   install    a   meter   of   approxi- 
mately 20  percent,  of  the  rating  of  the 
spot  welders.     When  a  meter  of  ap- 
proximately the  same  rating  is  used, 
the  momentary  load  is  not  registered, 
and  even  when  using  a  meter  of  ap- 
proximately   20    percent,    rating,    the 
meter  only  registers,  as  near  as  they 
can  estimate,  about  40  to  50  percent 
of  the  total  power.     The  officials  of 
this   company    feel     that    the    power 
which  is  supplied  for  spot  welders  at 
the  above  rate  is  at  a  loss,  because  U 
is  impossible  to  secure  a  mrn-ct  reg- 
istration.    .Another  '  "'" 
panv    charges   $300    ,  '• 
maximum  demand  per  month,  plus  o(> 
of    a   cent    per   kw-hour    for   enerpi' 
used.    This  secm<:  n  m\w\\  more  equit- 
able rate,  as  w«  >«" 
this     type     of                                       .*• 
which     requires     large     capacity     in 
transformers    and    lines,     and     pro- 
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duces  severe  fluctuations  of  voltage, 
should  be  based  almost  entirely  on 
a  demand  rate.  In  this  way  the  large 
investment  necessitated  on  the  part 
of  the  central  station  secures  a  rea- 
sonable return,  which  is  not  possible 
with  a  straight  kilowatt-hour  rate, 
as  the  total  power  consumption  from 
spot  welders  is  comparatively  small 
in    most   cases.  s.  a.  f. 

892 — Transmission  Line  Conden- 
ser Effect — The  company  with 
which  I  am  connected  operates  a 
350  mile,  60000  volt  transmission 
system.  The  charging  k.v.a.  is 
about  2  800,  and  the  total  generat- 
ing capacity  is  15  000  kilowatts. 
Considerable  difficulty  is  encoun- 
tered in  holding  the  frequency  and 
voltage  normal  at  the  receiving 
end  of  the  line  at  no  load,  ap- 
parently on  account  of  the  con- 
denser efifect  of  the  line.  Would 
it  not  be  possible  to  operate  part 
of  the  generating  equipment  as 
synchronous  motors,  thereby  mak- 
ing the  power-factor  of  the  sys- 
tem unity,  and  neutralize  the  con- 
denser effect  of  the  line? 

R.  B.  G.  (CAL.) 

The  condenser  efifect  of  the  line 
has  no  effect  whatever  on  the  fre- 
quency, which  is  dependent  solely  on 
the  speed  of  the  generators.  If  the 
voltage  becomes  too  high  at  the  re- 
ceiving end  of  the  line,  a  synchron- 
ous motor,  or  an  idle  generator  run- 
ning as  a  synchronous  motor,  at  the 
receiving  end  could  be  operated  with 
low  field  excitation  to  improve  the 
power-factor  and  counteract  this 
tendency.  A  large  induction  motor 
would  be  equally  satisfactory,  ex- 
cept that  the  power- factor  in  that 
case  would  not  be  adjustable.  A 
stationary  inductance  would  also  sat- 
isfy the  conditions  and  would  be 
very  much  cheaper  in  case  any  ad- 
ditional apparatus  had  to  be  pur- 
chased. For  detailed  information  on 
the  use  of  synchronous  motors  for 
power- factor  correction,  see  the 
Journal  for  October,  191 1,  Vol. 
VIII,  page  943- 

893 — Bearing  Lubrication — What 
results  will  be  obtained^  if  an  oil 
ring  in  a  lo-inch  bearing  is  re- 
placed  by   an    iron   or   steel    chain. 

R.  B.  G.   (CAL.) 

A    chain    is    much    more    liable    to 


stick  and  stop  rotating  than  is  a  sol- 
id ring.  Chains  were  generally  used 
a  good  many  years  ago,  but  have 
been  practically  abandoned  for  this 
reason.  E.  m. 

894 — Long  vs.  Short  Shunt  Con- 
nection— What  is  the  relative 
value  of  long  or  short  shunt  con- 
nection in  a  motor  or  a  generator? 

H.  R.  s.  (pa.) 
Long  or  short  shunt  field  connec- 
tion is  almost  entirely  a  matter  of 
preference  and  is  settled  as  most 
convenient  for  the  manufacturer. 
For  a  generator,  the  short  shunt  con- 
nection causes  the  shunt  field  to  as- 
sume a  larger  proportion  of  the  full- 
load  excitation  than  for  long  shunt. 
The  former  is,  therefore,  desirable 
if  the  series  tends  to  overheat  .A  re- 
duced series  drop,  as  obtained  by 
short  shunt  connection  also  means 
operating  at  a  slightly  lower  point  on 
the  saturation  curve,  which  corre- 
sponds to  a  regulation  curve  with 
less  "hump"  between  no  load  and  full 
load  points.  For  a  motor,  it  is  com- 
monl}'  desirable  to  have  the  shunt 
field  and  armature  circuits  entirely 
separate,  particularly  where  the  ma- 
chine is  to  operate  in  either  direc- 
tion, so  that  the  main  switch  or  cir- 
cuit breaker  will  not  open  the  field. 
Long  shunt  is,  therefore,  the  custo- 
mary method  of  connection  for  mo- 
tors. R.  H.T. 


CORRECTIONS 

March  Issue — In  the  title  to  Fig.  5 
on  page  233  of  the  March  issue,  the 
words  "double-action"  should  read 
"double-suction."  In  the  line  below 
the  word  "large"  should  be  omitted. 
Near  the  bottom  of  page  250,  the  ef- 
ficiencies should  read:  "0.50  for  steel 
plate  fans,  0.65  for  Sirocco  fans  and 
0.45  for  cone  type  fans."  On  page 
224,  second  line  under  the  cut,  "75 
horse-power  motor"  should  read  "7.5 
horse-power  motor." 

February  Issue — On  page  152,  the 
I2th  line  from  the  bottom,  to  the 
phrase  "the  only  satisfactory  method 
is  by  drop  of  potential,"  add  "or  by 
the  use  of  a  potentiometer."  On  page 
154,  the  second  line  should  read: 
"consists  of  a  potentiometer  whose 
scale  is  calibrated  directly  in  de- 
grees." 
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I'ERSONALS 

Mr.  Horace  H.  Essclstyn,  engineer  for 
WcsliiiKhouse,  Cliurcli.  Kerr  &  Com- 
pany, at  Detroit,  Midi.,  lias  resisned  to 
l)e(.onH-  Construction  engineer  with  the 
Detrt)it  Kdison  Company. 


The  Transmission  Company  has  hecn 
organized  in  PittsbiirKli  to  do  special 
transmission  line  wtjrk.  It  is  coi'iperat- 
Wii  with  the  Railway  &  Industrial  En- 
Kineerinjt  Company,  manufacturers  of 
<he  lUjrkc  horn  gap  apparatus,  and  is 
making  a  specialty  of  steel  outdoor  sub- 
stations and  crossings,  and  similar  re- 
quirements. The  officers  are  Mr.  H.  L. 
Patterson,  president;  Mr.  G.  N.  Lem- 
nion,  vice  president  and  general  man- 
ager; Mr.  H.  W.  Kerr,  secretary-treas- 
urer, and  Mr.  .\.  W.  Burke,  consulting 
engineer. 


Mr.  I'taymond  J.  O'Brien,  formerly  of 
the  railway  engineering  dei)artment  of 
the  Westingliouse  Electric  &  Manufac- 
turing Company,  has  resigned  to  accept 
a  position  with  Messrs.  Gihbs  &  Hill, 
consulting  engineers,  of  New  York  City. 


PITTSBURGH  MEETING-A.  1.  E.  E. 

.\  meeting  of  the  American  Insti- 
tute of  Electrical  ICngineers  will  he 
held  in  Pittsburgh,  Pa.,  .\pril  18th 
and  19th.  1913.  under,  tiie  auspices  of 
the  committee  on  the  Use  of  IMec- 
tricity  in  Mines,  Mr.  Geo.  R.  Wood, 
(  hairman,  in  C(>oi)eration  with  the 
I'iltsburgh  Section.  Headcjuarters 
will  be  at  the  Port  Pitt  Hotel. 
The  program  is  as  follows : 

FRID.W,  APRIL    iStM 

0   A.   M. — Registration,    Convention 
1 1'  idepiarters. 

10  .\.  M. — Opening  address  by  Prcs- 

Minit    Ralph    D.    Mershon.      i.     Paper 

'•y   Mr.  H.  C.   Eddy,  .\nurican   (ias  & 

Mectric  Company,  "Purchased   i'ovver 

HI   Coal   Mines."     j.     Paper   by    Mr    .1. 

>    Jenks.    West    Penn     Traction     an«' 

Water     Company.     "Central     Station 

Power    f«>r    Mines.'*       Discussion.       V 

Paper  l)y  Mr.   H.   H.  Clark,  Bureau  of 

Miiies.     "Safeguarding     the     Csc     of 

i  lectricity  in   Mines"     Discussion. 

2  P.  M.— 4.    Paper  bv  Mr.  I.  W.  Hop- 

•  w«>od.    I'nited    Coal    C(.ni|)any,   "ICIec- 

Mricity    as    .Applied     tn     Mining."      v 

I'aper   by    Mr.    C.    W.    Beers.    Lehigh 

\  alley   Coal   Company,  "Central    Sta- 

ion     F\iwcr     for     Coal     Mines."       6. 

i'apcr   by    Mr.    F.   B.   Crosby.   General 

b.lectric    Company.    ".Mternating-Cur- 

ent  Motors  for  the  Economic  Opera- 

.  uon  of  Mine  Fans." 


6  P.  M. — Dutch  dinner  at  Fort  Pitt 
Hotel.  Informal  exercises  will  l>c 
brief  and  will  conclude  at  8  o'clock, 
so  that  the  remainder  of  the  evening 
will  be  at  the  disjjosal  of  those  desir- 
ing to  make  other  arrangements. 

SATURP.AV,    Al'kll.    lOTH 

10  A.  II.— 7.  Paper  by  Mr.  II.  M. 
Warren,  D.  L.  &  W.  Railrrjad  Com- 
pany, "Characteristics  of  Sub-station 
Loads  at  the  .\nlhracite  Collieries  of 
the  Delaware,  Lackawanna  &  West- 
ern R.  R.  Co."  8.  Paper  by  Messrs. 
Wilfred  Sykes  and  Graham  Bright, 
W  estinghouse  J-llec.  &  Mfg.  Com- 
pany, "Mining  L(ja(l  ff>r  Central  Sta- 
tions. (J.  Ouestion  Box — This  is  to 
aflord  a  means  for  interesting  topics 
for  discussion  by  those  wh<^  do  not 
care  to  partici])atc  in  person.  The 
Chairman  will  read  the  (|uestions  an<l 
request  various  persons  in  the  audi- 
ence who  are  best  qualified,  to  answer 
them. 


WESTINGHOUSE  BAN(,)UET 

The  tliird  annual  banquet  of  The 
Westingliouse  Club  was  held  at  the 
Motel  Schenley,  Pittsi)urgh,  March 
8th,  with  an  attendance  of  about  ()00. 
.\I  r.  Charles  A.  Terry,  vice-|)resi(lent 
of  the  Electric  Comi)any,  who  acted 
as  toastniaster,  was  introduced  by 
Mr.  E.  M.  Herr,  president.  The  other 
speakers  were:  Mr.  H.  H.  Westing- 
house,  president  of  the  Westinghouse 
Traction  Brake  Company;  Col.  H.  (i. 
Prout,  vice-president  and  general 
manager  of  the  Union  Switch  &  Sig- 
nal Company;  Mr.  E.  S.  McClelland, 
chief  engineer  of  steam  and  gas  en- 
gine departments  of  the  Machine 
company;  Mr.  Robert  Garland,  of 
the  Pittsburgh  C'ity  Council;  Mr. 
Guy  E.  Tripp,  chairman  of  the  board 
of  directors  of  the  I'.lectric  (' 
pany;  Mr.  K.  A.  Craig,  southwt - 
manager  of  the   .\ir   Brake  C'ompany. 


NEW  BOOKS 


W:> 


H 


"Hygiene    for    the    Wot',.  1 

Tolman    &    .\delaidc 

JJ5  pages.      Il!t:  ' 

the    .\merican 

sale  by  the  Elki  jh 

50  cents. 

While  this  book  is  written  as  a  •    >^' 

for   elementary    school   work    it    

advaniais'e    I>e    tvmI    bv    thixp    in 
in   various   bn«s  '' 

contains  much  v.s  rcf 

erence  to  personal  habits  as  well  as  life 
in  the  work  rooms. 
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ALL 

OVER 

BUT  THE 

SHOUTING 


D  Y  this  we  mean  the  Hide 
■^-^  Faced  Hammers  and  Mal- 
lets have  been  made  by  us 
and  are  ready  for  the  con- 
sumer. 

And  as  soon  as  they  are  put 
into  use  then  the  shouting 
will  commence. 

We  may  not  be  near  enough  to 
hear  it,  but  you  may  hear  the 
echo.— //ere 's  what  others  have 
said,  and  probably  what  you 
will  hear: 

"Them's  the  kind" 

I 
A  pleasure  to  work  with  Z 
a  Hammer  like  this.        ^ 


Fine! 
Great! 


Order 
some  more 


Manufactured  by 


Holbrook  Raw 
Hide  Company 

PROVIDENCE,  R.  I. 


NEW  BOOKS 

"Steam     Boilers" — E.     M.     Shealy,    350 
pages,  184  illustrations.    Published  by 
McGraw-Hill    Book     Company.     For 
sale  by  the  Electric  Journal.    Price 
$2.50. 

A  book  prepared  to  provide  a  work- 
ing understanding  of  the  steam  boiler, 
in  which  effort  the  author  has  admiralbly 
succeeded,  should  find  a  useful  place  in 
both  large  and  small  boiler  rooms.  The 
subject  matter  has  been  presented  in 
the  simplest  possible  form,  making  it 
easy  to  be  grasped  by  the  non-technical 
operator,  which  conforms  with  the  orig- 
inal idea  of  the  author  obtained  by 
direct  contact  with  the  need  which  be- 
came evident  through  correspondence 
teaching  in  the  Extension  Division  of 
the  University  of  Wisconsin.  All 
sizes  of  boilers  commonly  found  in 
practice  are  properly  described  and 
their  principal  features  set  forth.  This 
is  followed  in  subsequent  chapters  by  a 
hght  treatment  of  boiler  plant  auxil- 
iaries and  accessories,  including  the 
boiler  chimney.  A  separate  chapter  is 
given  over  to  important  boiler  calcula- 
tions, and  also  details  appertaining  to 
stays  and  staying,  information  regard- 
ing which  is  vital  to  the  safety  of  oper- 
ation. The  author  takes  up  also  the 
physical  properties  of  steam,  the  classi- 
fication and  handling  of  various  fuels, 
the  chemistry  of  combustion,  principles 
of  firing,  settings,  general  care,  opera- 
tion, test  and  inspection  of  boilers,  e.d.d. 


"Elements  of  Heat  Power  Engineering'* 
— C.   F.  Hershfeld    and    W.   N.   Bar- 
nard.  800  pages,  480  illustrations.    Pub- 
lished by  John   Wiley  &   Sons,    New 
York.       For    sale    by    The    Electric 
Journal.     Price,  $5.00. 
This  book  fundamentally  takes  up  the 
theoretical   phase   of   the   generation   of 
power  from  heat  and  interestingly  coor- 
dinates    numerous    practical     considera- 
tions.    The    first    ten    chapters    are    de- 
voted  to   the   thermodynamic   theory  of 
heat   and   heat   energy   and   the   laws  of 
gases.     The  authors  take  up  at  length  in 
independent   chapters,    the    various    fea- 
tures of  a  steam  engine  and  accessory 
parts  and  also  the  turbine  and  internal 
combustion  engines.     A  particular  valu- 
able   feature    is    the    inclusion  of  basic 
formulas  and  equations  applying  to  the 
several   parts  of  the  heat  power  plant, 
which    should   lead    to    a   better   under- 
standing   of    the    performance    of     the 
equipment.     It    is    not    a    part    of    the 
scope  of  this  book  to  embrace  any  mat- 
ters of  mechanical  design.  e.d.d. 
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Tlie  question  as  to  whether  to  use  a  three-phase 
Selection  of    transformer  or  three  single-phase  transformers  is 
Transformers  *'"'-■  \^'ii^"li  comes  up  frequently,  and  definite  infor- 
forThree-Phase"^^^''-'"  '^  lacking  as  to  which  type  of  installation  is 
Circuits        ^'^^  ^^st  in  any  given  case.     The  article  in  the  pres- 
ent  issue,   by   Mr.    William    Xesbit,   entitled   "( )ne 
Three-Phase  vs.  Three  Single-Phase  Transformers,"  points  out  the 
relative  advantages  and  disadvantages  of  single-phase  and  three- 
phase  transformers,   comparing  their   first  costs,  efficiencies,   floor 
space,  weights  and  ease  of  operation  and  repairs.     While  no  in- 
fallible general  rules  can  be  laid  down  governing  the  proper  choice, 
yet  certain  points  are  presented   for  consideration  which   indicate 
the  best  type  to  use  under  given  local  conditions. 

A  summary  of  the  situation  seems  to  show  that  for  the  opera- 
tion of  a  single  rotary  converter  or  motor-generator  set  the  three- 
phase  transformer  has  well-defined  advantages.  In  general  distri- 
bution work,  however,  where  a  market  has  to  be  built  up,  the  single- 
phase  lighting  load  is  usually  developed  first,  being  the  easiot  to 
obtain.  One  single-phase  transformer  may,  therefore,  be  used  to 
.supply  this  load  and  later  if  the  load  increases  to  a  value  above  the 
rating  of  the  transformer  installed,  another  single-phase  trans- 
former may  be  added,  the  two  being  connected  in  open  delta  so  as 
to  better  distril)Ute  the  load  over  the  phases  of  the  transmission 
sy.steni,  and  which  will  jjrovide  for  the  taking  on  of  power  contracts 
rc(|uiring  three-phase  power.  Later  as  the  combined  load  grt)ws. 
still  anotlier  single-phase  transformer  may  be  added,  completing 
the  delta  and  increasing  the  rating  of  the  transformer  bank  from 
58  to  100  percent  of  the  combined  capacity  of  the  three  trans- 
formers. In  some  cases  where  the  market  exists  already  for  both 
lighting  and  power,  it  might  even  be  advisable  to  install  two  trans- 
formers comiected  in  open  delta,  of  sulVicient  capacity  to  take  care 
of  the  i)rescnt  market,  and  reserve  the  addition  of  the  third  trans- 
former, completing  the  delta,  to  take  care  of  future  growth 

A.  P.  Bknder 
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An   entirely   new    engineering   development   is   de- 

A  New         scribed  in  this  issue  of  thq  Journal  in  the  article 

Development    by  Mr.  David  Hall,  entitled  "Large  Turbine  Driven 

in  Direct-Current   Generators."       For   a   considerable 

Direct=Current  number  of  years  the  steam  turbine  and  the  alter- 

Qenerators      nating-current  generator  has  been  the  subject  of 

careful  study  and  development,  until  we  now  have 
units  of  exceedingly  large  capacity  and  remarkable  economies. 
These  units  have  kept  pace  with  the  rapid  demand  for  generators 
and  prime  movers  of  increasingly  large  capacity  to  care  for  the 
remarkable  growth  of  electric  power  and  railway  systems.  Dur- 
ing this  time,  however,  direct-current  generating  apparatus  has 
continued  to  be  confined  to  the  slow  speed  type  suitable  for  direct 
connection  to  reciprocating  units,  or  in  moderate  sizes  to  units 
driven  by  motors  in  the  well-known  motor-generator  sets.  The 
advent  of  the  reduction  gear,  making  possible  the  application  of 
steam  turbine  drive  to  direct-current  generators,  represents  a 
remarkable  achievement  and  opens  a  field  of  vast  possi- 
bilities for  the  utilization  of  direct-current  generating  ap- 
paratus. By  this  means  it  is  now  possible,  as  the  article  indi- 
cates, to  build  successfully  direct-current  generators  of  capacities 
that  were  impossible  a  few  years  ago.  The  interposition  of  the 
reduction  gear  between  the  high-speed  steam  turbine  prime  mover 
and  the  necessarily  slower  speed  direct-current  generator  offers  an 
elastic  buffer  that  permits  the  utilization  of  the  most  desirable 
speeds  on  both  the  turbine  and  the  generator,  since  the  speed  re- 
duction ratio  through  the  gear  is  very  flexible  and  covers  wide 
limits. 

The  application  cited  in  Mr.  Hall's  article  is  unique,  but  this  is 
only  one  of  many  applications  where  such  units  could  be  installed 
to  advantage.  The  low  pressure  steam  turbine,  used  in  connec- 
tion with  the  reduction  gear  and  generator,  off'ers  possibilities  for 
direct-current  generation  in  large  units  at  economies  that  could  not 
be  approached  prior  to  the  advent  of  this  combination  unit.  The 
suggested  utilization  of  two  steam  turbines  driving  one  gear  con- 
nected to  two  generators  in  tand-em  indicates  the  remarkable  pos- 
sibilities of  this  combination  and  demonstrates  that  direct-current 
generating  units  can  now  be  ol)tained  in  practically  any  capacities 
that  may  be  desired,  while  with  the  old  type  reciprocating  engine 
unit  the  largest  capacity  that  could  be  manufactured  successfully 
was  reached  several  years  ago,  and  there  has  been  practically  no 
advance  in  the  meantime.  E.   P.  Dillon 
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™.       j^  'ihose  who  have  had  experience  in  the  testing  de- 

partments of  large  operating  or  manufacturing 
companies  realize  that  they  have  liad  an  oppor- 
Testing        tunity   to  gain   an   insight   into  the   characteristics 

Series  and  operation  of  electrical  machinery  which  would 

have  taken  them  many  times  as  long  to  acquire  in  the  ordinary 
operation  of  apparatus.  In  power  plants  the  machines  are  per- 
manently connected  up,  and  the  routine  work  of  starting  and  stop- 
ping the  machinery  can,  in  many  cases,  be  carried  on  by  men  who 
may  not  even  know  the  connections  involved.  The  successful  test- 
er must  know  how  to  connect  up  various  types  of  apparatus,  must 
know  how  machines  should  operate  under  normal  conditions  and 
how  to  tell  instantly  if  there  are  any  defects  or  incorrect  connec- 
tions present.  There  is  a  certain  fascination  in  testing  generating 
apparatus  which  has  never  been  in  operation  before,  in  seeing  the 
aggregation  of  copper,  steel  and  insulation  begin  its  life  work  of 
producing  electric  energy.  Engineering  students  are  thus  usually 
intensely  interested  in  testing  methods. 

In  the  first  issue  of  the  Journal,  in  February,  1904,  was  be- 
gun a  series  of  articles  entitled.  "Factory  Testing  of  Electrical 
Machinery,"  which  was  continued  until  October,  1905.  These  ar- 
ticles were  received  with  marked  favor  and  have  been  used  quite 
generally  as  a  reference  text  for  the  last  eight  years.  Reprints 
have  been  made,  but  these  are  now  exhausted,  and  it  has  l)een 
deemed  advisable  to  publish  a  new  series.  In  the  period  since  the 
pul)lication  of  the  first  articles  there  have  been  many  changes  in 
tlie  design  of  electrical  machinery,  as  well  as  improvements  and 
refinements  in  testing  methods.  In  the  articles  on  "Shop  Testing 
of  Electrical  Apparatus"  api)earing  in  the  present  volume,  it  is 
aimed  to  include  all  of  the  good  features  of  the  old  articles  and. 
while  bringing  them  up  to  date,  to  incorporate  new  ideas  and  tiie 
experience  gained  in  the  last  eight  years.  Owing  to  the  wide  scope 
of  the  articles,  it  was  not  feasible  nor  desirable  to  rely  on  any  one 
individual  for  this  material,  and  the  articles  as  published  represent 
a  compilation  of  the  best  ideas  and  methods  of  a  numl)er  «>f  ex- 
pert testing  engineers. 

The  descri|)tions  of  the  various  methods  have  been  so  clas<^i- 
fie<!  that  all  the  information  necessary  for  the  carrying  out  of  any 
l>articnlar  test  is  conveniently  available.  It  has  been  the  aim  to 
exjjlain  each  oi)eration  in  such  a  way  tiiat  those  who  have  not  had 
actual  testing  experience  will  be  able  to  understand  each  step  and 
the  reason  therefore,     .\lthough  the  testing  methods  described  rep- 
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resent  in  the  main  (as  any  complete  description  of  the  tests  of  a 
large  variety  of  apparatus  must)  the  methods  in  common  use  in 
a  large  manufacturing  concern,  the  needs  of  the  tester  in  small 
shops  or  college  laboratories  have  not  been  over-looked.  In  the 
large  concern,  where  tests  are  continually  being  made  on  a  com- 
mercial basis,  the  testers  are  provided  with  every  facility  for  mak- 
ing tests  accurately  and  in  the  shortest  possible  time.  It  is  natural, 
therefore,  that  tests  which  are  made  under  such  conditions  may  not 
be  feasible  where  the  equipment  is  inadequate  or  where  testing  is 
rarely  done ;  on  the  other  hand  such  tests  may  not  be  sufficiently 
refined  for  special  conditions  where  time  and  expense  are  not  so 
important.  Where  more  than  one  method  of  testing  is  in  common 
use,  the  different  schemes  are  given,  along  with  a  description  of  the 
requirements  and  limitations  of  each. 

The  importance  of  accuracy  in  testing  to  builders  of  electrical 
apparatus  can  hardly  be  over-estimated.  Their  reputations  depend 
on  their  ability  to  supply  machines  which  will  prove  uniformly  sat- 
isfactory in  service,  and  this  can  only  be  assured  by  proper  test- 
ing. Of  equal  importance  is  the  fact  that  a  considerable  part 
of  design  data  is  empirical  and  based  upon  test  results  obtained 
from  machines  previously  constructed.  Upon  the  accuracy  of  such 
tests,  therefore,  depends  the  correctness  of  future  designs. 

In  commercial  testing  it  is  the  aim  to  reproduce  actual  opera- 
ting conditions.  In  the  case  of  very  large  machines,  full-load 
tests  are  impracticable,  as  no  concern  can  afford  to  maintain  test- 
ing equipments  involving  such  large  amounts  of  power,  as  well  as 
heavy  foundations,  etc.,  for  various  types  of  equipments.  Sub- 
stitute or  loading  back  methods  are  therefore  employed  to  repro- 
duce, as  nearly  as  may  be,  the  desired  conditions.  When  it  is  im- 
possible to  secure  the  exact  conditions,  it  is  important  to  know  the 
discrepancies  involved,  and  the  determining  of  these  often  involves 
considerable  study  and  investigation.  Various  methods  of  secur- 
ing approximate  load  conditions  are  described  in  these  articles, 
with  the  advantages  and  limitations  of  each. 

The  present  series,  as  already  outlined,  is  to  continue  through- 
out the  year  and  probably  into  the  next  volume.  It  is  hoped  that 
it  will  be  of  even  more  value  than  the  original  articles,  which 
have  proven  so  helpful  to  many  young  engineers  in  securing  defi- 
nite and  practical  information  on  this  very  interesting  subject. 


ONE  THREE-PHASE  VS.  THREE  SINGLE-PHASE 

TRANSFORMERS 

WILLIAM   NESBIT 

THE  greater  reliability  of  the  latest  types  of  tran>f(jriners 
makes  desirable  the  more  general  use  of  the  three-phase 
type.  Heretofore  the  principal  reason  for  favoring  the 
use  of  three  single-phase  in  preference  to  one  three-phase  trans- 
former has  been  the  ability  to  carry  nearly  two-thirds  of  the  three- 
phase  load  on  two  of  the  single-phase  units,  should  the  third  unit 
be  disabled.  Transformers  can  be,  and  are  now  being  manufactured 
which  are  more  reliable  than  the  rotating  apparatus  which  they 
feed  or  which  feeds  them.  For  instance,  a  transformer  feeding  a 
rotary  converter  receiving  its  current  from  an  underground  trans- 
mission system  is  much  less  likely  to  cause  a  shutdown  than  is  the 
rotary  converter  itself.  It  would  seem  in  such  cases  about  as  justi- 
fiable to  consider  a  spare  rotary  converter  as  spares  in  static  trans- 
formers. 

IMPROVEMENTS    IN    TRANSFORMERS 

Designing  engineers  have  not  been  overlooking  the  causes  of 
past  ditticulties,  many  of  which  are  now  quite  well  understood  and 
are  guarded  against  in  the  design  and  manufacture  of  present-day 
transformers.  Alany  transformer  failures  in  the  past  have  been 
due  to  the  presence  of  moisture  in  the  oil  or  the  absorption  of 
moisture  by  the  transformer  during  shipment,  or  at  destination  be- 
fore being  immersed  in  oil.  This  source  of  trouble  has  been  ef- 
fectively overcome  by  means  of  the  vacuum  method  of  drying 
transformers,  after  which  they  are  immediately  immersed  in  oil 
and  ready  for  shipment.  'Jhis  method  of  shii)ping  the  transform- 
ers sealed  up  in  their  tanks  with  oil  is  used  by  one  large  manufac- 
turing company  on  all  sizes  up  to  about  5000  k.v.a.  threc-pha-;c. 
I  locxx)  volts,  60  cycles,  and  3  cxx)  k.v.a.  three-phase,  iioooo  volts, 
-'5  cycles,  the  maxinunn  sizes  being  limited  only  by  transporta- 
tion and  installation  facilities.  Larger  sizes  arc  dried  by  the 
vacuum  process  at  the  point  of  installation. 

Twelve  or  fifteen  years  ago  30000  volt  transformers  were 
l«x»kcd  upon  with  lack  of  confidence  as  it  was  considered  that  the 
diOicultics  in  insulating  transformers  for  service  at  such  high 
voltages  increased  about  as  the  S(|uarr  of  thf  volt.iirc-.     With  the 
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limited  experience  available  at  that  time  in  insulation,  design  and 
construction  the  above  statement  was  probably  justified.  However, 
great  progress  has  been  made  since  that  time.  Now  iioooo  volt 
transformers  are  common  and  reliable.  In  fact  these  very  trans- 
formers built  for  these  high  voltages  seem  to  be  as  reliable,  if  not 
more  so,  than  transformers  wound  for  lower  voltages.  This  is  due 
to  the  following  reasons: — Transformer  insulation  is  subject  to 
three  different  strains ;  those  due  to  the  normal  working  pressure ; 
those  due  to  disturbances  set  up  in  the  system  by  switching, 
grounds  and  short-circuits,  and  those  due  to  lightning.  The 
normal  working  pressure  strain  is  constant ;  the  static  strains  due 
to  disturbances  in  the  system  are  more  or  less  frequent,  depending 
upon  local  conditions ;  the  strains  caused  by  lightning  are  less  fre- 
quent, and  do  not  exist  in  cases  of  underground  transmission  sys- 
tems or  localities  in  which  lightning  storms  are  unknown. 

Before  the  advent  of  the  oscillograph  little  was  known 
as  regards  the  extent  of  the  abnormal  static  strains  set  up  by 
disturbances  in  the  system,  and  it  was  the  practice  to  insulate  trans- 
formers for  the  normal  voltage  strains.  Oscillograms  show  that 
these  static  strains  may  exceed  the  normal  voltage  many  times. 
The  reason  that  more  of  the  earlier  transformers  did  not  give 
trouble  was  due  to  the  fact  that  many  of  them  were  connected  to 
small  systems  which  were  little  affected  by  switching  and  light- 
ning disturbances.  The  reason  some  of  them  gave  so  much  trouble 
on  certain  systems  may  have  been  due  to  the  reverse  conditions. 

Transformers  are  now  being  designed  more  with  the  inter- 
mittent abnormal  static  strains  in  mind  than  the  much  lower  work- 
ing voltage  strain.  Also,  a  transformer  for  service  upon  a  iioooo 
volt  system  would  obviously  contain  so  much  insulation  that  the 
strains  due  to  lightning  and  to  the  switching,  etc.,  on  the  system 
might  have  little  or  no  effect.  If  the  transformer,  however,  were 
designed  for  service  upon  a  30  000  volt  system,  its  insulation  would 
represent  less  margin  over  the  strains  due  to  switching,  etc.  It 
will  therefore  be  appreciated  why  these  very  high  voltage  trans- 
formers have  proven  so  reliable. 

TYPES    OF    THREE-PHASE    TRANSFORMER    CONSTRUCTION 

There  are  a  number  of  possible  forms  of  three-phase  trans- 
former construction,  but  only  three  are  commonly  employed. 
These  are  designated  as : — "hexagonal  type"  "core  type"  and 
"shell    type".     In    all    forms   three-phase   transformers   have   their 
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electrical  circuits  separate,  but  certain  portions  of  their  magnetic 
circuits  in  common,  that  is  certain  portions  of  the  iron  core  carry 
tlic  fluxes  of  two  or  of  all  three  of  the  magnetic  circuits.  This 
does  not  increase  the  density  in  the  core  owing  to  the  phase  rela- 
tions of  the  fluxes,  the  resultant  of  which  is  less  than  their  arith- 
metical sum.  The  magnetic  fluxes  demanded  by  two  e.m.f's.  dis- 
{)laced  from  each  other  by  120  electrical  degrees  can  be  superim- 
posed in  either  of  two  ways;  one  gives  a  resultant  1.73  times  the 
value  of  each,  while  the  other  gives  a  resultant  exactly  equal  to 
one  of  the  fluxes.  Tiie  latter  is  the  method  adopted  in  three-phase 
transformers. 

Hexagonal  Construction — Three-phase    transformers    may    be 
built  up  with  three  sets  of  coils  arranged  on  three  sections,  run- 
ning out  120  degrees  apart  from 
the  center  to  the  sides  of  an  hex- 
agonal core,  giving  a  symmetri- 
cal   arrangement    of    all    phases, 
electrically  and  magnetically,  as 
shown  in  Fig.  i.   With  this  form 
the  coils  may  not  all  be  wound 
to  the  same  size,  the  inner  end 
coils  being  usually  smaller  so  as 
to    fit    into    the    available    space 
more  compactly.     This  construc- 
tion   necessitates    punching  the 
iron  laminations  for  the  core  into  five  or  six  different  shapes  and 
lengths.     With  this  construction,  round  containing  cases  of  mini- 
mum diameter  may  be  used,  but  the  design  is  little  used  in  thi> 
country  because  of  the  greater  mechanical  advantage  obtainable  by 
the  core  and  shell  types,  of  construction. 

Core  Type — Referring  to  the  single-phase  core  tyjic  trans- 
former illustrated  by  Fig.  2,  it  may  be  seen  that  by  increasing  the 
amount  of  copper  by  exactly  50  percent  and  the  amount  of  iron 
•^lightly  more  than  50  percent,  a  three-phase  transformer  is  ob- 
tained having  50  percent  greater  capacity  than  the  original  single- 
phase  tiansformer.  This  is  comparing  a  single-phase  transformer 
with  a  three-phase  transformer  of  only  fifty  percent  greater  capac- 
ity ami  does  not  include  a  comparison  of  cases,  oil.  etc.  A  threc- 
jvhase  transformer,  equivalent   in  capacifv   f..  \hvvc  of  the  sintrlc- 
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phase  transformers,  will  be  somewhat  lighter  and  more  efficient  per 
kilowatt,  on  account  of  its  increased  size.  Thus,  one  line  of  three- 
phase  transformers  of  this  type  is  said  to  weigh  16.5  percent  less 
than  three  single-phase  transformers,  each  of  one-third  the  capac- 
ity, and  its  losses  are  also  16.5  percent  less.  For  units  of  small 
size  the  core  type  is  well  adapted. 

Butt  Joint  Construction — 
This  type  of  construction  is  a 
modified  form  of  the  common 
core  type.  It  difi^ers  from  it  in 
that  the  laminations  of  the 
yokes  and  the  cores  are  not  in- 
terlaced as  they  are  in  the  com- 
mon core  type.  Each  of  the 
three  upright  cores  and  each 
of  the  two  horizontal  yokes  is 
built  separately  with  lamina- 
tions which  are  bolted  together. 
This  type  of  construction  is 
seldom  used,  as  it  is  not  ordi- 
narily considered  as  satisfactory 
as  the  normal  core  type  of  con- 
struction. Its  only  advantage 
lies  in  the  fact  that  it  is  un- 
necessary to  tear  down  the 
laminated  iron  in  order  to  make 

FIGS.    2   AND   3 — OUTLINES    OF    CORE    TYPE  . 

AND  SHELL  TYPE  TRANSFORMERS  rcpairs,     which    arc     sometmies 

Dotted    lines    indicate    the    neces-    facilitated      on      this      account, 
sary    addition    of    coils    and    iron    in 

order  to  convert  single-phase  trans-  Unless  carefully  constructed, 
formers  (indicated  by  full  lines)  in-  however,  there  is  a  tendency 
to      three-phase      transformers,      for    ^  1  1  •        1         • 

both  the  core  and  shell  type  of  for  eddy  currents  to  circulate  m 
construction.  the    region    of   the   butt    joints. 

Shell  Type — Reference  to  Fig.  3  indicates  that  by  increasing 
the  amount  of  copper  of  a  single-phase  shell  type  transformer  ex- 
actly 200  percent,  and  of  the  iron  approximately  150  percent,  a 
three-phase  shell  type  transformer  is  obtained,  having  three  times 
the  capacity  of  the  single-phase  transformer.  By  laying  out  a  line 
of  three-phase  transformers  using  the  iron  of  a  superseded  line  of 
2  200  volt  distributing  single-phase  shell  type  transformers,  it  was 
found  that  the  total  amount  of  laminated  iron  for  the  three-phase 
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transformer  cores  ranged  from  226  to  245  percent  with  an  average 
of  236  percent  of  that  reciuired  in  each  of  the  single-i)hase  trans- 
formers having  one-third  the  capacity,  the  amount  of  copper  being 
of  course  300  percent.  It  will  be  seen  that  the  three  k.v.a.,  three- 
phase  transformer,  Fig.  3  is  composed  of  two  one  k.v.a.  single- 
phase  transformers,  and  part  of  a  third  minus  the  two  iron  sides. 
The  reduction  in  section  of  iron  between  the  coils  is  made  possible 
by  reason  of  the  fact  that  the  windings  of  the  different  phases  are 
so  connected  that  the  fluxes  in  that  portion  of  the  magnetic  circuit 
common  to  two  phases  120  degrees  apart  give  a  resultant  equal  to 
one  of  them. 

THREE-PHASE   WINDINGS 

ICither  star  or  delta  connections  may  be  employed  with  both 
types  of  transformers,  and  the  relative  advantage  of  each  kind  of 
windings  is  the  same  for  both  single  and  three-phase  transformers. 
The  delta  connection  is  an  advantage  in  some  cases  in  that,  if  the 
windmgs  of  one  phase  become  damaged  by  short-circuit,  ground- 
ing, etc.,  it  is  possible  to  operate  the  other  two  windings  on 
open  delta.  Although  a  star  wound  three-phase  transformer,  with 
neutral  grounded,  may  be  operated  on  a  grounded  transmission 
system  on  two  phases,  such  installations  are  so  rare  that  they  need 
not  be  considered. 

DER.XNGE.MKNT  OF   SERVICE   IX    CASE  OF   nRE.\KD()WN 

Shell  Type — Either  three  single-i>hase.  delta-delta  transform- 
ers or  one  three-phase,  delta-delta  connected  transformer  may  be 
operated  tcmj)(>rarily  at  58  percent  of  the  combined  capacity  of 
the  three  windings  provided  only  one  phase  has  been  dis- 
abled. In  such  a  case  the  defective  single-phase  unit  is 
cut  out  of  service  or  the  defective  win<lings  of  the  threc- 
j)liase  unit,  I-'ig.  4.  both  high  and  low  tension,  are  short- 
circuited.  The  windings  thus  short-circuited  will  choke  down 
the  flux  passing  through  the  portion  of  the  core  surrounded  l>y 
them  without  producing  in  any  portion  of  the  windings  a  current 
greater  than  a  small  fraction  of  the  current  which  would  normally 
exist  in  such  portion  at  full  load. 

If  desired,  in  order  to  reduce  the  time  i>f  shut  down,  the 
twelve  transformer  leads  may  be  carried  to  switches  mounted  near 
the  transformers  and  connections  so  made  that  two  of  these 
switches  may  be  closed  so  as  to  short-circuit  the  windings  of  the 
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damaged  phase.  This  arrangement,  however,  would  necessitate 
bringing  out  twelve  leads  in  place  of  six  from  the  three-phase 
transformer.  A  better  plan,  in  case  of  three-phase  shell  type, 
delta-delta  connected  transformers,  would  be  to  furnish  them  with 
suitable  terminals  inside  of  the  case  to  which  could  readily  be  at- 
tached pieces  of  short-circuiting  cable  furnished  at  both  ends  with 
terminals  to  fit  into  those  on  the  transformer  terminal  board.  The 
connections  could  then  be  made  inside  of  the  case  and  extra  bush- 
ings  through   the   case   avoided.     In   case   of    star-connected    shell 

type  transformers  either  single 
or  three-phase,  a  breakdown  in 
one  phase  will  disable  the  en- 
tire service  unless  the  trans- 
formers are  operated  with 
grounded  neutral  on  a  ground- 
ed neutral  transmission  system. 
In  such  a  case  both  single  and 
three-phase  star-c  o  n  n  e  c  t  e  d 
transformers  may  be  operated 
at  58  percent  of  their  original 
capacity  by  short-circuiting  the 
damaged  windings,  both  pri- 
mary and  secondary.  Lights  may 
then  be  operated  from  either 
of  the  two  live  phases  to  neu- 
tral in  the  normal  manner.  Sat- 
isfactory three-phase  motor  op- 
eration at  normal  voltage  can- 
not be  obtained  with  this  con- 
nection, on  account  of  the  un- 
balancing of  phases,  and  reduced  voltage.  Balanced  phases  at  fifty- 
eight  percent  normal  voltage,  equivalent  to  a  star  to  delta  trans- 
formation, may  be  secured  by  reversing  the  polarity  of  one  trans- 
former, by  interchanging  the  leads  on  either  primary  or  secondary. 
Core  Type — Three-phase  core  type  transformers  cannot  be 
operated  three-phase  with  a  short-circuit  on  any  phase.  The  rea- 
son may  be  seen  from  an  examination  of  the  magnetic  circuits,  in 
Fig.  3.  Sufficient  current  will  be  generated  in  a  short-circuited 
coil  to  force  the  flux  into  some  other  path  than  that  surrounded  by 
the  coil.  In  the  shell  type  transformer  the  flux  can  always  be 
shunted  into  an  iron  path,  and  hence  only  a  small  current  is  gen- 


FIG.    4 — ARRANGEMENT     FOR    OPERATING 
WITH    DAMAGED  COIL   CUTOUT 
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crated  in  the  short-circuited  coil;  whereas  in  the  core  tvjje  trans- 
former the  flux  nuist  he  forced  into  a  path  throuj^h  the  air, 
requiring  a  very  hiri^e  current.  Of  course  if  the  short-circuited 
coils  could  he  ()i)en  circuited  at  the  i)oint  of  hreakdown 
and  disconnected  from  tlic  circuit,  the  transformer  could 
l)e  ojicratcd  at  two-thirds  capacity.  A  ilu-ee-phase  core  type 
transformer  can  he  huilt  which  will  not  he  entirely  disahlcd  when 
one  i)hase  is  short-circuited,  hy  comhining  three  single-phase  coic 
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type  units  one  alxive  the  tilher.  The  ditlicull  mechanical  con.>-truc- 
tion  and  dilliculty  in  cooling  such  a  transformer,  however,  would 
make  such  a  type  impractical. 

COST 

A  three-phase  trans fi^rmer  should  usually  he  cheaper  •  1 

than   three  single-phase   transformers  of   the   same   ttital   c 

I  his  is  due  in  part  to  the  saving  in  active  core  material  JKi^win 

adjacent  phases  on  account  of  the  magnetic  phase  relations.    It  may 

be  seen,  fnni  T'ig^.  2  and  3  that  thcr<-  i<  t  rrdiicti-m  of  alvnit   15 
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percent  in  active  magnetic  iron.  Other  savings  are  the  use  of  one 
large  case,  (requiring  less  radiating  surface  than  three  small  cases 
on  account  of  higher  three-phase  efficiency)  in  place  of  three  small 
ones ;  one  set  of  end  frames  in  place  of  three ;  one  cooling  system 
(in  forced  cooling  types)  in  place  of  three,  six  terminals  in  place 
of  twelve,  and  less  oil.  There  is  also  less  material  to  be  handled 
and  it  is  usually  less  expensive  to  build  one  large  unit  than  several 
small  ones  of  the  same  total  capacity. 

Since   three-phase    transformers    are    not    so    standard    in    the 
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FIG.    6 440    KILOWATT,    THREE-PHASE,    22  000- VOLT    CORE    TYPE   TRANSFORMER 

United  States  or  manufactured  in  such  large  quantities,  as  the 
single-phase  type,  it  sometimes  happens  that  the  expense  of  de- 
veloping new  or  special  designs  may,  in  some  cases,  cause  the  price 
to  be  as  high,  or  even  higher  than  that  for  three  single-phase  trans- 
formers. This  is  very  likely  to  be  the  case  on  sizes  of  lO  ooo  k.v.a. 
and  above,  both  on  account  of  the  new  patterns,  etc.,  required  and 
the  extra  expense  in  handling  such  large  parts.  Neglecting  de- 
velopment expense,  the  first  cost  of  small  three-phase  delta-delta 
connected  transformers  should  be,   in  general,  five  to  ten  percent 
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less  than  that  of  three  single-phase  units  having  the  same  aggregate 
capacity.  In  operating  three-phase  transformers,  it  is  often  more 
desirable  in  case  of  breakdown  to  replace  a  defective  transformer 
with  a  complete  spare  unit,  and  not  to  use  the  three-phase  disabled 
unit  temporarily  by  short-circuiting  the  windings  of  the  defective 
delta-connected  transformer.  In  such  cases  the  advantage  of  delta 
windings  in  three-phase  transformers  disappear  and  the  three-phase 
transformer  may  be  wound  for  star  connection  on  the  high  tension 
and  delta  on  the  low  tension  side.  If  a  very  high  voltage  is  em- 
ployed the  star  connection  should  result  in  slightly  less  cost  for  the 
three-phase  transformer,  over  the  cost  of  three  delta-delta  trans- 
formers, on  account  of  lower  coil  voltage. 

In  general,  the  cost  of  three-phase  air  blast  transformers 
(neglecting  the  item  of  development)  approximates  the  cost  of 
equivalent  single-phase  air  blast  units  at  about  3  000  k.v.a. ;  while 
for  the  oil  insulated  water  cooled  type,  the  costs  are  equal  at  about 
7  500  k.v.a.  For  sizes  larger  than  these,  three-phase  transformers 
usually  cost  as  much  or  more  than  three  single-phase  units.  If 
i>perators  in  general  would  specify  three-phase  transformers  and 
insist  upon  having  them,  the  manufacturing  cost  would  soon  be 
lowered  due  to  the  increased  production,  but  as  long  as  they  are 
used  only  infrequently  the  expense  will  probably  be  as  high  as  for 
three  single  units. 

GREATER   COS^T  OF  .SP.VRE   UNITS 

.■\  three-jjhase  spare  unit,  having  three  times  the  capacity  of  a 
single  unit  of  one-third  the  cai)acity  will  obviously  cost  consider- 
ably ni(»rc.  In  case  there  is  only  one  three-phase  unit  of  a 
given  capacity  and  characteristics  on  a  system,  this  may  be  of 
some  importance.  L'sually  there  are  several  similar  units  installed 
or  contemplated  in  which  case  the  increased  price  of  the  three- 
plia.se  ^pare  may  be  even  less  than  the  saving  in  first  cost  of  three- 
phase  over  single-phase  transformers.  It  should  be  kept  in  mind 
that  the  continued  future  growth  of  the  system  will  be  favorable  to 
the  three-phase  type  and  that  now  is  the  time  to  stand.irdize  on  the 
type  most  suited  for  the  ultimate  future  conditions. 

EFFICIENt  v 

Muce  there  is  less  active  material  in  the  tilrec-pila^c  u.iiim- ■ 

cr,  the  losses   (at   the  same  den^^ities)    will  be  less,  and  *''."f.'"- 
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the  efficiencies  should  be  higher.  In  some  cases,  however,  three- 
phase  transformers  may  be  designed  of  such  relative  proportions  or 
of  such  magnetic  densities,  as  to  produce  even  a  lower  efficiency 
than  for  single-phase  units.  It  is  obvious,  however,  that  a  com- 
parison of  such  designs  would  not  be  consistent. 

Shell  Type — The  comparative  efficiencies  given  in  Table  I, 
are  not  based  on  the  latest  designs  but  the  relative  values  are  cor- 
rect for  this  line  of  distributing  type  transformers.  An  inspec- 
tion of  Fig.  3  will  show  that  a  three-phase  shell  type  transformer 
requires  just  three  times  as  much  copper  and  approximately  2.36 
times  as  much  iron  as  a  single-phase  transformer  having  one-third 
the  capacity.  Consequently  the  copper  loss  would  be  three  times 
and   iron   loss   2.36  times   as  great.     The    three-phase    efficiencies 

TABLE  I— EFFICIENCY  VALUES  FOR  A  STANDARD   LINE    OF  DIS- 
TRIBUTING TYPE  TRANSFORMERS  AT  FULL  LOAD 


Three  Single-Phase  Trausformers 

One   Three- Phase  Transformer 

Increase 

Size 

Eff. 

Size           i            Eff. 

in  Eff. 

k.v.a. 

Percent. 

k.v.a. 

Percent. 

Percent. 

3 

95.69 

■ 
9 

96.06 

0.37 

5 

9(j.41 

15                       96.72 

0.31 

7.5 

96.71 

22.5                   97.03 

0.32 

10 

96.90 

1              30                      97.17 

0.27 

15 

97.09 

45                       97.32 

0.23 

20 

97.49 

60                       97.70 

0  21 

25 

97.61 

75             '           97.80 

0.19 

30 

97.65             ! 

90                       97.83 

0.18 

37.5 

97.76 

112.5                    97.93 

0.17 

50 

97.88 

150                       98.01 

1 

0.13 

should  therefore  be  slightly  higher  than  those  of  three  single-phase 
transformers. 

Of  course  the  relative  dimensions  of  the  coil  openings  affect 
the  relative  efficiency  values,  but  the  principal  reason  for  the 
smaller  increase  in  three-phase  efficiencies  in  the  larger  capacities 
is  due  to  the  fact  that  in  the  smaller  capacities  the  single-phase  line 
transformers  were  designed  for  relatively  higher  iron  loss,  where- 
as in  the  larger  sizes  the  iron  loss  was  only  slightly  higher  than 
the  full  load  copper  loss.  This  has  been  done  so  as  to  reduce  the 
constant  iron  losses  in  the  larger  transformers  for  the  purpose  of 
increasing  their  all  day  efficiency.  The  all  day  efficiency  was  ap- 
parently not  considered  .so  important  in  the  smaller  capacities. 

REDUCED    CAPACITY   OBTAINABLE   IN    SELF-COOLING   UNITS 

In  some  cases  it  is  highly  desirable  to  use  only  self-cooling 
transformers.     At  the  present  time  the  capacity    of    the    largest 
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three-phase  self-cooled  transformers  is  approximately  2  000  k.v.a.. 
()0  cycles,  at  no  000  volts,  or  i  500  k.v.a..  25  cycles  at  ikj  000  volts. 
These  capacities  could  be  increased  for  lower  voltages.  A  group 
of  three  single-phase  self-cooling  units  can  be  built  with  an 
outinit  of  nearly  three  times  this  amount.  Hence  if  very  large 
outputs  of  the  self-cooling,  three-phase  tyi)e  are  desired,  it  might 
be  necessary  to  install  two  or  three  smaller  three-phase  units,  a 
more  expensive  arrangement  than  three-single-phase  transformers. 

FLOOR    SP.VCE    KEgUIKi:Mi:NTS 

The  actual  floor  space  covered  by  a  three-phase  transf(jrmer 

will  always  be  less  than  for 
three  single-phase  units,  and  on 
account  of  the  necessity  of 
leaving  ventilating  spaces  and 
passage  ways  between  single- 
[)hase  units,  the  total  floor  area 
required  for  single-phase  groups 
is  very  much  more  than  that 
required  for  three-phase.  Figs.  7 
and  8  show  the  floor  space  re- 
quired for  the  two  types  of 
transformers  of  the  air  blast 
type  construction.  The  econ- 
omy of  floor  space  for  the 
three-i)hase  transformers  may 
be  of  great  advantage  in  cities 
where  real  estate  is  expensive. 
Usually  one  bank  of  transform- 
ers is  placed  directly  opposite 
the  rotary  converter  or  motor- 
_„,-     -      .      o  generator  set  it  feeds,  and  often 

Flos.      7      AND      8 — OUTLKSKS      SHOWl.NC    ^ 

RKLATivE   FLOOR    ^v.Kcv.   occipiKD   BY   ihc  dimeusions  of  the  apparatus 
•MR-BLA.sT  TVPKS  OF  TR.A NSFoRMFRs         ^^.^j  ,,^.  ^^^^  transfomicrs  is  such 

as  to  provide  amj)le  space  for  tiie  i)ank  of  single-phase  transfomi- 
crs. However,  high  speed  rotary  converters  and  motor-generator 
sets,  due  largely  to  the  employment  of  commutating  poles,  require 
very  much  less  floor  space  than  did  the  older  types  of  these  ma- 
chines. As  the  sj)ceds  increase,  the  available  transformer  space 
should  proiH)rtionately  decrease  and  the  lesser  space  re<|uircmcnt 
of  three-phase  transformers  becomes  more  imi>ortant.     In  the  case 
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of  vertical  rotary  converters,  the  floor  space  becomes  a  minimum, 
a  point  especially  favorable  to  three-phase  transformers.  Of 
course,  there  are  some  cases  where  space  limitations  will  not  per- 
mit of  the  use  of  a  three-phase  transformer  but  where  three  small 
single-phase  units  can  easily  be  installed,  although  possibly  not  in 
a  symmetrical  arrangement.  In  case  transformers  are  placed  in  a 
building  or  cells  by  themselves  the  total  cost  of  the  building  may 
be  materially  reduced  by  the  use  of  three-phase  transformers. 

WEIGHT 

The  weights  of  three-phase  transformers  should  be  less  than 
those  of  the  single-phase  type,  except  in  the  excessively  large  ca- 
pacities when  the  weights  would  be  greater  on  account  of  the  very 
strong  and  heavy  mechanical  design  necessary  to  support  the 
heavy  three-phase  transformers. 

REDUCED  TRANSPORTATION 

The  lighter  total  weight  and  less  space  required  for  three- 
phase  transformers  will,  in  general,  result  in  reduced  transporta- 
tion charges.  This  advantage  may,  however,  be  neutralized  in  the 
case  of  long  hauls  over  mountain  roads  or  poor  facilities  for  hand- 
ling heavy  pieces.  In  this  case  the  smaller  weight  and  Inilk  of 
single-phase  units  may  even  become  a  necessity.  Special  cars  hav- 
ing dropped  down  bodies  are  frequently  employed  for  shipping  the 
larger  transformers. 

TERMINALS 

Wherever  a  high  voltage  lead  passes  through  the  transformer 
tank  or  case  there  is  a  weak  spot.  In  three  single-phase  units  six 
high  tension  leads  must  be  carried  through  the  case  (unless  the 
transformers  are  star  connected  with  neutral  grounded  to  the 
cores,  in  which  case  only  one  high  tension  lead  would  be  carried 
through  each  case.  This  latter  method,  however,  is  very  seldom 
used.  In  three-phase  transformers,  there  are  only  half  as  many 
terminals  and  consequently  only  about  half  the  chance  of  terminal 
trouble. 

REDUCED    COST    OF    INSTALLATION 

In  general  it  is  much  cheaper  to  install  one  unit  than  three 
small  ones ;  particularly  in  case  it  is  necessary  to  dry  out  the  trans- 
formers at  destination  by  the  vacuum  process.  Less  cable  and 
connections  are  also  required  for  the  three-phase  units. 
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In  the  cases  where  the  high  tension  cables,  to  whicli  tlie  trans- 
formers are  connected,  are  undergronnd  or  in  sections  of  the 
country  not  subject  to  severe  electric  storms,  the  liability  to  break- 
down should  be  less  and  the  necessity  of  spare  units  less  urgent. 

Shell  Type — In  this  type  there  is  no  more  liability  of  insula- 
tion breakdown  in  three-phase  transformers  than  there  is  in  three 

single-phase  units,  i  n 
fact,  the  arrangement  of 
coils  and  iron  is  the 
same  in  both  types.  The 
large  body  of  iron  be- 
tween the  phases  pro- 
tects the  copper  in  adja- 
cent phases  except  that 
portion  which  projects 
beyond  the  cores  and 
here  the  phases  are  ef- 
fectively isolated  by  tire 
proof  barriers. 

Core  Type — In  the 
core  type  there  is  great- 
er liability  of  a  burnout 
in  one  phase  being  com- 
municated to  an  adjoin- 
\  ing  phase  than  in  the 
shell  type  since  the 
phases  are  closer  togeth- 
er. The  long  thin  coils 
*  required  by  very  large 
core  tyj)C  transformers 
are   of   such    proportions 

— ■ — -—    as   til   make   it   very   dilli- 

Fu;.  9—1000  K.V.A.,  60-cvci.K.  46000-voLT  OIL   cult    to    brace    them    sc- 

KORMW^^""  '"■•'■'■°"'-'"'  fURKK-PHA.SE  TRANS-     ^.^^ely.  Thc       TCSUll 

that,  when  placed  \\\yc>n 
circuits  subject  to  severe  grounds  and  short-circuits,  there  is  great- 
er liability  to  develop  insulation  breakdowns  due  to  the  severe  me- 
chanical strains  with  conse<|uent  movement  of  the  coils  at  the  time 
of  severe  .short-circuits  or  grounds.  I'or  the.sc  rcas<Mis  the  shell 
ty|>e  con.struction  is  usually  emplt»yed   for  large  capacities. 
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TAP   VOLTAGES 

For  fairly  low  voltage  transformers,  there  would  be  no  diffi- 
culty in  arranging  for  a  number  of  tap  voltages  Jn  three-phase 
transformers,  but  for  extremely  high  voltages  this  may  become 
objectionable  on  account  of  the  limited  space  in  a  three-phase  unit. 
In  the  air  blast  type  this  would  become  still  more  serious  on  ac- 
count of  the  greater  spacing  required  when  terminals  are  not 
placed  under  oil.  Tap  terminals  are  sometimes  a  source  of  trouble 
and  the  present  tendency  is  away  from  furnishing  many  of  these 
taps,  so  that  this  point  seldom  needs  to  be  considered. 

REPAIRS 

In  the  case  of  three  single-phase  transformers,  it  is  probable 
that,  in  event  of  breakdown  in  one  transformer,  it  would  be  cut 
out  before  the  other  transformers  in  the  group  are  damaged. 
A\'ith  a  three-phase  unit  where  the  phases  are  so  near  together 
there  is  a  possibility  that  a  breakdown  in  one  phase  may  damage 
one  or  more  of  the  others.  In  such  event  there  are  two  or  three 
phases  in  place  of  one  to  be  repaired.  However,  with  oil  insula- 
ted transformers,  circuit  breaker  protection  and  barriers  between 
adjacent  phases,  there  should  be  little  likelihood  of  trouble  being 
communicated  to  adjacent  phases. 

In  general  the  repair  of  a  three-phase  transformer  will  be 
more  difficult  than  for  a  single-phase  type  of  similar  construction. 
This  is  particularly  true  in  extremely  large  capacities  on  account 
of  the  difficulty  of  handling  the  large  parts. 

OUTSIDE  WIRING 

In  three-phase  transformers,  the  star  and  delta  connections 
are  easily  made  inside  the  case,  requiring  no'  outside  cross-connec- 
tions. In  the  case  of  single-phase  transformers  these  connections 
must  of  course  be  made  outside  of  the  case. 

Transformers  for  Manhole  Service — Manholes  are  usually 
cramped  for  space  and  the  seat  of  a  great  deal  of  transformer 
trouble.  Such  trouble  is  frequently  caused  by  poor  leaded  joints 
between  the  lead  sheath  surrounding  the  cable  and  the  transformer 
terminal,  allowing  water  to  get  into  the  transformer.  Three-phase 
transformers  for  this  service  have  a  certain  advantage  over  three 
single-phase  transformers,  in  that  they  require  less  space  and  only 
six  soldered  joints  in  place  of  twelve.     A    disadvantage   of    three- 
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phase  transformers  for  tliis  service  would  a])pe;ir  in  the  larger 
sizes  which  would  probably  require  extra  large  and  special  man- 
hole covers.  Standard  lines  of  three-phase  manhole  tvpe  trans- 
formers are  now  on  the  market. 

Pole  Service— ^Vor  pole  mounting.  three-]jhase  transfc^rmers 
present  a  more  pleasing  appearance,  re(juire  less  s])ace  and  total 
weight  than  three  single-phase  transformers.  On  the  other  hand 
the  weight  of  a  three-phase  unit  would  be  between  two  and  three 
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tunes  that  of  a  single-phase  transformer  of  one-third  the  capacity. 
It  IS  customary  with  some  power  companies  to  mount  as  many  as 
three  25  k.v.a..  or  larger,  single-plia.se  transformers  on  poles  hav- 
ing standard  cross-arms.  .\  75  k.v.a..  three-phase  transformer  to 
do  this  work  might  be  difhcult  to  handle  and  this  greater  weight 
m  one  unit  might  require  some  .sort  of  platform  to  support  it. 

Lighting  and  Power  Sen'iee — Most  lighting  .service  i><  furnish- 
ed at  either   110-220  volts,  three  wire,    or    no    volts,    two    wire. 
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whereas  motor  service  is  usually  furnished  at  400  volts,  three- 
phase,  although  some  is  furnished  at  220  volts  both  two  and  three- 
phase.  The  present  tendency  is  110-220  volts,  three  wire,  for 
lighting,  and  440  or  550  volts,  three-phase  for  power  service.  Un- 
til recently  standard  single-phase  distributing  transformers  could 
be  obtained  which  were  wound  for  all  three  secondary  voltages, 
110-220  and  440  volts.  As  spares  of  such  transformers  would 
answer  for  both  lighting  and  power  service,  it  was  unnecessary  to 
carry  two  sparate  lines  of  transformers;  one  line  for  lighting  and 
another  line  for  power  service.  Standard  distributing  transform- 
ers are  no  longer  furnished  wound  for  all  three  voltages,  so  that 
it  is  now  necessary  to  carry  transformers  for  both  kinds  of  ser- 
vice. Since  two  lines  of  transformers  and  spare  units  are  now  re- 
quired the  old  objection,  that  three-phase  power  transformers  re- 
quire an  additional  line  of  transformers,  largely  disappears. 

SUMMARY 

There  are  so  many  minor  advantages  and  disadvantages  ap- 
plying to  both  types  of  transformers  that  a  concrete  summary  is 
difficult.  If  the  prices  and  efficiencies  commonly  quoted  were  uni- 
formly consistent  with  the  fundamental  differences  in  the  two 
types  as  regards  cost  and  efficiency,  then  a  definite  statement 
could  be  made  as  to  when  each  type  should  l)e  selected.  Even 
then,  however,  any  one  of  the  above  mentioned  differences  of  the 
two  types  might  become  ruling  in  a  specific  case. 

It  may  be  stated,  however,  that  for  feeding  motors,  rotary 
converters  and  motor-generator  sets,  three-phase  transformers 
will,  in  the  near  future,  be  very  generally  employed.  In  fact,  at 
the  present  time  they  are  being  largely  selected  for  this  class  of 
service,  and  it  may  be  expected  that  they  will  become  as  popular 
in  America  as  they  have  already  become  in  Europe. 


LARGE  TURBINE  DRIVEN   DIRECT-CURRENT 

GENERATORS 

DAV ID  HALL 

Tlll-I  dcvcloj^ment  of  direct-current  generators  of  larj^e  output 
canniit  he  analyzed  without  taking  into  consideration  the  de- 
sirable speeds  of  their  prime  movers.  The  large  recii)roca- 
ting  engine  inherently  operates  at  a  low  speed  and  a  number  of  units 
of  2  /CXD  kilowatts  capacity  at  75  revolutions  per  minute  have  been 
installed  in  years  ])ast.  Such  units,  however,  are  very  heavy  and 
require  much  floor  space,  as  well  as  overhead  space.  IVimarily  the 
speed  of  75  r.p.m.  was  chosen  to  accomodate  steam  engine  require- 
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GE.NERATOK    SET 

mcnts,  hut  it  was  fairly  suited  for  direct-current  generators  not 
provided  with  special  means  for  securing  good  coninnitation. 

The  introduction  of  a  nunil)er  of  special  features  for  assist- 
ing commutation,  such  as  comiuutating  jwles,  together  with  other 
improvements,  ha-;  made  possible  the  building  of  machines  of  much 
larger  outputs  at  much  greater  sjjceds :  hence  the  necessity  for  a 
prime  mover  which  will  oi)erate  economically  at  a  relatively  high 
s|)eed  as  com|)ared  with  the  si)eed  of  the  steam  engine,  hut  "f  t 
S|)eed  far  below  the  economical  speed  of  the  steam  turbine.. 

The  introduction  of  a  reduction  gear  between  a  steam  turbine 
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and  the  generator  permits  the  turl)ine  to  run  at  the  speed  of  best 
economy,  and  gives  the  generator  a  satisfactory  speed  for  eco- 
nomical design  and  good  operation.  This  combination  results  in 
a  unit  requiring  much  less  floor  space  than  would  be  occupied  by 
a  reciprocating  steam  engine  unit  of  equivalent  capacity.  Floor 
space  is  not,  however,  the  chief  feature  of  importance  as  the  com- 
bination has  made  possible  an  increase  in  the  maximum  possible 
capacity  per  unit.  The  recent  installation  of  two  units,  each  hav- 
ing a  maximum  rated  continuous  capacity  of  3  750  kilowatts,  275 
volts,  13  600  amperes,  180  r.p.m.,  at  the  Canal  Street  power  house 
of  the  Cleveland  Electric  Illuminating  Company,  constitutes  a  new 
record  of  output  obtainable  per  single  direct-current   unit  at  this 


FIG.    2 — VIEW   OF    SET    SHOWING    SIDE    ELEVATION    OF    GENERATOR    AND    REDUCTION 

GEAR. 

voltage.  Two  views  of  one  of  these  sets  are  shown  in  Figs,  i  and  2. 
That  these  sets  are  of  relatively  small  dimensions  can  be  seen  by  re- 
ferring to  Fig.  3.  The  overall  length  of  this  unit  is  2,7  ft.  2  in.,  maxi- 
mum width  21  ft.  4  in.,  and  13  ft.  5  in.  high  above  the  floor  line. 
The  width  of  21  ft.  4  in.  is  the  extreme  distance  as  measured 
across  the  feet  of  the  generator  frame,  whereas  the  width  of  the 
turbine  and  gear  is  only  14  ft.  6  in.,  which  suggests  a  further  de- 
velopment of  a  double  unit  of  7  500  kw  capacity  which  will  be  re- 
ferred to  later. 

As  compared  with  reci])rocating  engine-driven  units  of  much 
smaller  outputs,  this  unit  occupies  less  space;  it  is  lighter,  and  it 
is  more  accessible.  The  light  weight  and  ease  of  assembling  may 
be  judged  from  the  fact  that  the  time,  from  the  date  of  shipment 
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until  the  unit  w  a  s 
ready  for  operation  in 
Cleveland,  was  only 
twenty-three  days ;  and 
twelve  days  after  it 
was  first  started,  it  car- 
ried loads  in  excess  of 
4000  kilowatts. 

These  steam  turbines 
operate  with  steam  at 
165  pounds  initial  and 
15  i)ounds  gauge  back 
pressure  and  run 
at  a  speed  of  i  800 
r.  p.  m.  The  exhaust 
steam  is  used  for  com- 
mercial steam  heating 
purposes,  as  this  plant 
furnishes  steam  for  a 
portion  of  the  business 
district  of  the  city. 
The  large  gear  of  the 
reduction  gear*  is  100 
inches  in  diameter  and. 
with  a  ratio  of  10  to  i. 
gives  a  speed  of  180 
r.p.ni.  to  the  generator. 
The  generators  are 
shunt- wound,  comnnita- 
ting-polc  machines  iiav- 
ing  Tf2  main  poles. 
The  armature  and  com- 
mutator diameters  arc 
respectively  i8<>  and  90 
inches,  giving  surface 
speeds  >>t'  H  500  and 
4  250  feet  per  minute. 
The  magnet  frames  arc 
made  of  cast  steel 
properly  shaped  to  give 

*Scc  article  by  Mr.  H.  E.  LongwcII  in  tlic  Joik.n.m.  ft>r  Jan..  1912.  p.  6^;. 
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stiffness.  The  brush  l^rackets  are  carried  from  a  cast  iron  ring, 
similar  in  section  to  the  main  frame.  The  complete  weight  of  the 
unit  is  356000  pounds  or  less  than  100  pounds  per  kilowatt.  The 
generator  complete  with  shaft  weighs  163  000  pounds ;  the  gear, 
40000  pounds. 

Further  development  of  the  application  of  this  gear  can  be 
made  by  applying  a  turbine  to  each  side  of  the  main  gear,  thus 
driving  with  two  turbines  instead  of  one  and  thus  doubling  the 
capacity  of  the  set.  In  order  to  double  the  generator  capacity  two 
machines  are  used  in  tandem  as  shown  in  Fig.  5.  This  illustration 
gives  the  dimensions  of  a  double  unit  of  7  500  kilowatt  capacity. 


I-IG.   4 — VIEW   OF  LARGE  REDUCTION   GEARS    BEFORE  BEING   ASSEM- 
BLED IN   GEAR   CASE. 


By  comparing  the  dimensions  of  this  set  with  a  single  set  it  will 
be  seen  that  the  capacity  of  the  set  can  be  increased  100  percent 
with  an  increase  of  only  32  percent  in  rectangular  floor  space  and 
the  same  overhead  space. 

This  development  eliminates  the  prime  mover  as  the  limiting 
factor,  and  makes  the  generator  the  determining  factor  in  the 
maximum  output  of  a  direct-current  unit.  In  this  connection,  the 
ampere  rating  of  the  generator  is  one  of  the  determining  factors. 
For  example,  if  limits  are  assumed  of  900  amperes  per  brush  arm, 
eight  inches  between  brush  arms  and  4  500  feet  per  minute  com- 
mutator speed,  it  follows  that  for  a  given  ampere  rating,  the  speed 
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for   a   single   commutator   machine   can   l)e    determined    from    the 
following:  formula : — 


R.p.m.  =  4  500 


/  900  \  12 

Uotal  amp.  X  2  /  8 
These  are  not  all  the  limiting  factors,  but  they  serve  to  indicate 
that  the  maximum  rating  obtainable,  as  well  as  the  general  features 
of  design,  depend  upon  the  voltage.     For  low  voltages  and  large 


FIG.  5 — OUTLINE  PL.\N  AND  ELEVATION  SHOWING  .METHOD  OF  SECUR- 
ING LARGE  CAPACITY  RY  PLACING  A  TURBINE  AT  EACH  SIDE  OF  THE 
REDUCTION  GEAR  AND  TWO   DIRECT-CURRENT  GENERATORS   IN   TANDEM 

The  apparent  discrepancy  in  vertical  liei}i;ht  of  <;enerator 
above  floor  line  is  due  to  different  elevation  of  floor  lines  in 
Figs.  3  and  5. 


currents,  double  commutators  are  necessary  to  obtain  maxinuim 
ratings  at  maximum  speeds.  For  higher  voltages,  600  volts  for 
example,  it  is  possible  to  build  larger  capacities,  and  by  making 
proper  i)rovisions  for  commutation,  single  commutator  machines  of 
6{K)o  to  8000  kilowatts  can  be  built. 


MATERIALS  USED  IN  ELECTRICAL  HEATERS 

H.  O.  SWOBODA. 
Consulting  Electrical  and  Mechanical  Engineer,  Pittsburgh,  Pa. 

FROM  the  description  of  the  various  types  of  electrical  heat- 
ers, given  in  the  last  issue,  it  can  readily  be  understood 
that  the  raw  materials  required  have  to  meet  a  great  many 
different  conditions ;  in  fact  quite  a  number  of  substances  had  first 
to  be  developed  before  satisfactory  results  could  be  obtained.  The 
most  important  raw  materials  entering  into  the  construction  of 
electrical  heaters  are  : — 

I— Electrical  conductors. 

2 — Thermal  conductors. 

3 — Electrical   and  thermal   insulators. 

ELECTRICAL   CONDUCTORS 

Electrical  conductors  are  employed  for  the  materials  of  the 
resistors,  for  the  electrodes  of  the  electric  arc,  for  the  terminals 
of  the  electric  spark  and  for  the  substances  in  electrolytic  pro- 
cesses. 

The  Resistor  Materials  are  mostly  metals  or  alloys  in  form 
of  round  or  flat  wire,  sheet  or  film.  With  the  evergrowing 
and  more  exacting  demands  of  the  heating  industry,  special  high 
resistance  alloys  have  been  developed,  which  more  or  less  fulfill 
the  requirements  of — 

High  specific  resistance. 

Low    temperature   coefficient  of  resistivity. 

Mechanical  strength. 

Uniform  section. 

No  deterioration  or  aging,  due  to  the  repeated  heating  and  cooling. 

No  oxidation,  even  though  operated  at  red  heat. 

High   melting  point. 
The  development  of  the  art  is  clearly  illustrated  by  Table  I, 
although    the    information    is    not    entirely    complete ;    in    fact   the 
exact   composition    of    many   alloys    is    a    trade    secret,    each    alloy 
simply  being  known  under  its  "trade  name." 

The  first  group  of  substances  in  Table  I  are  copper  and  plati- 
num. Copper,  while  occasionally  used  as  a  conductor  in  resistors, 
is  included  merely  in  order  to  compare  its  properties  with  those 
of  the  "resistance"  alloys.  Platinum  is  almost  the  only  substance 
amongst  metals  and  alloys  which  can  be  operated  with  temperatures 
as  high  as  2  650  to  2  850  degrees  F.  For  this  reason  it  is  still  being 
used  regardless  of  its  high  price. 

The  second  group  of  substances,  the  copper-nickel-zinc  alloys, 
represented   mostly  by   the   mixtures   known   as   "German   silver," 
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were  the  lirst  alloys  especially  made  to  satisfy  the  dcinand  of  the 
electrical  industry  for  a  resistance  material.  While  there  is  still 
a  considerable  amount  of  German  silver  being  used  for  electrical 
purposes,  this  alloy,  like  all  other  zinc  alloys,  gives  very  little  sat- 
isfaction in  the  heating  industry,  as  the  repeated  heating  and  cool- 
ing makes  it  brittle. 

The  third  group  of  substances,  the  copper-nickel  alloys,  was 
a  decided   improvement  over   the  three  metal  mixtures,   but  their 

TABLE   I— RESISTOR   METALS   AND   ALLOTS 


Name 

ol 

Substance. 


Physical   Condition 

or 

Composition 

of 
Substance. 


Copper 
Platinum 


Annealed 
Pure 


German   Silver    118%-Copper-XiokeI-Zine 
German   Silver     \30% 


la   la   Soft 
Advance 
Coiistaiilln 
Ideal 

Krupp 
Superior 
Climax 
Plienix 


Copoer-Nickel 


Nickel-Steel 


ExPcllo 
Nichromo 
Calldo 
Nlrhrome  II 
Calorite 

Carbon 
(iraphite 
'"iirh.    Tilaincnt 

Nickel-Chromium 

H                                It 

t«                                 44 
44                                 44 
4.                                     44 

Hetort 

.Vl-llI'MIII 

Ti.-.ili.l 

a 


o 


C. 


10.4 

57.4 

200 
290 

28S 
2<J4 
3U0 
300 

511 
.517 
52.-. 
520 

550 
600 
600 
655 
720 

4325* 
4875* 
Or).V)'  • 


Tempera- 
ture Coeffi- 
cient  of 
resistivity 
for  one 
degree,  F 


S  3 


0.003J« 
0.002(M 

O.0OO172 
0.000111 

O.0OiJ0O278 

nil 
O.0OO0O2V8 
0.00001 

0.00039 
O.00O45 
O.00O4 
0.0003 

0.00009 
0.00024 
0.00019 
0.00009 


not  constant 


8.88 
21.5 

8.5 
8.5 

8.4 
8.9 
8.6 
8.85 

8.10 
8.4 
8.14 
8.09 

8.9 
8.15 

8.02 

1.8 
2.2 


It. 

■0 
H  a 

0— 

0. 
a 

^ 

< 

.".OO 

1990 

2700 

3190 

500 

1880 

2120 

700 

2250 

700 

2300 

700 

2200 

1100 

1000 

2400 

1000 

2300 

1000 

21ifl 

2000 

sew 

2200 

2s  K' 

^KX) 

-OCO 

itoo 

^oTe 

ti  10(1      670<) 


W    -400  degrt'c-,    F.  .\i   .;•••■<«  ili-niii-.-,   !•'. 

1     Horniann  Hoker   &   Co.,  New  York.  2— Driver-Harri.s   Wire  Co.,  Harrison.  N.  .1. 

■;  r.  .S('liiiit".viiiilt.  Nfiiiiiru4lc.  Connativ.  4  - 'I'lii-  i:ii><'lrl4'nl  .\11..y  ('«>.,  M<>rrlKl4>s\ii, 
.>— Thomas  Prosser   &  Son,  New  York.  N.  .1. 

0    Gcniral    Electric    Co.,    Schenectady,  X.  Y. 

■>|)ecitic  resistance  ;is  well  as  their  maximum  working  temperature 
were  still  entirely  too  Imv  to  fnltlll  the  reciuirement-  »', .r  heating 
appliances. 

The  fourth  gnnip  of  substances,  the  nickel-steel  alloys,  ap- 
l)eared  in  the  market  a  little  over  twenty  years  ago,  with  a  specific 
resistance  more  than  fifty  times  that  of  copper  and  with  a  maxi- 
mum working  temperature  of  approximately  I  ooo  degrees  F. 
Nickel-steel  alloys  have  the  disadvantage  of  rusting  in  the  open  air. 

In   the   fifth   group   of   substances    represented   by   the   nickel- 
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chromium  alloys,  some  of  which  are  mixed  with  a  small  amount 
of  iron,  this  difficulty  is  overcome.  They  were  put  on  the  market 
not  quite  ten  years  ago  and  not  only  withstand  rusting  fairly  well, 
but  also  have  a  very  high  specific  resistance  and  maximum  working 
temperature.  It  is  safe  to  state  that  these  alloys  answer  all  ordi- 
nary requirements,  and  that  a  carefully  designed  device  equipped 
with  nickel-chromium  wire  will  not  burn  out,  one  of  the  principal 
troubles  in  the  early  days  of  the  electrical  heating  industry. 

The  last  group  of  substances,  "carbon"  and  "graphite,"  stands 
in  a  class  by  itself.  These  materials  are  used  to  produce  tempera- 
tures which  metals  and  alloys,  even  platinum,  will  not  stand, 
but  as  pointed  out  before,  must  be  worked  in  a  vacuum  or  must 
be  enveloped  in  a  gas  free  from  oxygen  to  prevent  oxidation. 
Carbon  and  graphite  are  the  only  substances  with  a  "negative"  tem- 
perature co-efficient,  in  consequence  of  which  carbon  resistors  have 
not  the  usual  "inrush"  of  current  when  put  in  service. 

There  are  other  substances,  such  as  kryptol,  silundum  and 
quartz,  which  can  be  used  for  resistors,  l)ut  as  they  have  not  as 
yet  been  put  into  practical  use  to  any  extent,  they  are  not  included. 

For  Electric  Fuses,  the  resistor  materials  just  described  will 
not  answer,  as,  contrary  to  all  other  electric  heaters,  in  this  case, 
the  substance  is  supposed  to  melt  with  a  predetermined  amount  of 
current  passing  through.  At  first,  only  metals  or  alloys  with  a 
low  melting  point  were  used,  such  as  tin,  lead  and  tin-lead  alloys, 
but  it  soon  developed  that  aluminum  and  copper  are  preferable 
for  large  capacities,  as  considerable  less  volume  of  metal  has  to 
be  melted  in  blowing  the  fuse,  and  that  platinum  is  more  desirable 
for  very  small  capacities,  such  as  telephonic  and  telegraphic  circuits, 
also  circuits  for  firing  blasting  charges,  as  it  does  not  oxidize  and 
thereby  increases  the  surety  of  the  interruption  of  the  electric  cir- 
cuit with  the  predetermined  amount.  The  fusing  points  of  tin-lead 
alloy,  aluminum,  copper  and  platinum  are  given  in  Table  II.  They 
also  show,  how,  in  commercial  practice,  by  adopting  for  the  tin- 
lead  alloy  "rated  carrying  capacities"  considerably  below  the  actual 
fusing  point,  the  uncertainty  of  the  latter  is  eliminated  for  all  ordi- 
nary requirements. 

Although  Electrodes  for  the  Electric  Arc  have  been  used  for 
more  than  thirty-five  years  in  arc  lighting,  much  difficulty  was 
encountered  in  producing  satisfactory  electrodes  for  electric  arc 
furnaces.  The  enormous  currents  require  carbons  of  very  large 
cross-section;  as  high  as  24  inches  in  diameter  and  in  lengths  up 
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to  lOO  inches,  and  year.s  passed  by  before  material  for  such  large 
diameters  could  be  made  sufficiently  homogeneous.  The  raw  ma- 
terials employed  are  graphite,  petroleum  coke,  anthracite  coal 
and  anhydrous  tar.  The  solid  materials  are  ground,  kneaded  with 
tar  and  the  scarcely  plastic  mixture  is  then  stamped  into  big  blocks. 
Finally  these  are  pressed  into  the  desired  shape  of  the  electrode 
and  baked  in  ovens  under  a  covering  of  ground  coal  or  treated  in 
electric  furnaces.  In  accordance  with  the  various  requirements,  the 
electrodes  are  made  round,  square,  rectangular,  in  form  of  tubes, 
crucibles,  bricks,  etc.    In  most  cases,  the  electrodes  of  a  furnace  ex- 


TABLE   II— FUSE   METALS   AND   ALLOYS. 


'lin-Lcad  .\lloy. 


<nlKT  M.-tal.-i. 


Rated 

Fusing 

Length 

Diam. 

Carrying 

Current 

ot 

of 

C'p'city 

in 

Fuse 

Wire 

in    Amp. 

Amp. 

in   Ins. 

in  Mils. 

% 

'A 

1 

2.5 

% 

% 

1 

4.5 

'^ 

Hi 

1 

10 

% 

2V4 

1 

13 

1 

3 

!■/* 

16 

2 

5 

l'/2 

25 

4 

9 

1% 

35 

6 

12 

2 

42 

8 

15 

2 

49 

11) 

17 

2'4 

55 

15 

24 

W* 

68 

20 

30 

2<4 

82 

25 

37 

2% 

W 

3(1 

43 

2% 

103 

■»') 

56 

3 

122 

50 

69 

3 

137 

m 

81 

3U 

158 

m 

106 

3% 

180 

KW 

121> 

4 

226 

i:*) 

187 

4% 

2IK) 

213 

*% 

iV) 

2;« 

*%. 

30. 

3.">1 

5 

4<)«> 

4.10 

5V4 

5(10 

S.'V) 

0 

001) 

675 

6'i 

Section 

of 

Ribbon 

in  Inches. 


0.,36Ox0.O4" 
0.440x(l.(M7 
0.375x0.078 
0.440xO.()!l4 
0.57()xO.OiM 
0.87.^xO.(KM 

1.000x0.  no 

1.00<>X0.1.">0 
l.(RH>x0.2IX) 
1.2."iOx0.2<O 
1.500x0.2<K)| 


Fusine 

Diameter  of  Wire 

Current 

in  Mills. 

1       *° 
Amperes. 

Alum'm. 

Copper.  ' 

Plat'm. 

0.161 

1.0 

0.300 

1.5 

0.463 

2.0 

0.6*7 

2.5 

0.830 

3.0 

1 

2.6 

2.1 

3.3 

2 

4.1 

3.4 

5.3 

3 

5.4 

4.4 

7.0 

i 

6.5 

5.3 

8.4 

5 

7.6 

6.2 

9.8 

10 

12.0 

9.8 

15.5 

15 

15.8 

12.9 

30.3 

20 

19.1 

15.6 

24.6 

25 

22.2 

18.1 

28.6 

30 

25.0 

20.5 

32.3 

40 

30.3 

34.8 

39.1 

50 

35.2 

28.8 

45.4 

60 

39.7 

32.5 

51.3 

80 

48.1 

39.4 

a.i 

100 

55.8 

4.^7 

7C.0 

l.no 

73.0 

.')f».8 

200 

88.6 

72.5 

2.V) 

l(r>.8 

84.1 

300 

116.1 

96.0 

tend  from  the  outside  through  the  heat  insulating  walls  into  the 
chamber  and  therefore  have  on  the  outside  a  temperature  slightly 
al>ove  the  one  of  the  surroundings  and  on  the  inner  end  the  temper- 
ature of  the  arc,  representing  a  difference  of  several  thousand  de- 
grees. At  the  same  time  they  carry  currents  of  thousands  of  am- 
peres, which  develop  considerable  heat  by  the  joulean  effect.  It  there- 
fore can  readily  be  understood  that  the  electrodes  should  have  good 
electrical  but  poor  thermal  conductivity  and  that  the  proper  selection 
of  tile  most  efficient  diameter  and  length  of  electrodes  is  a  very 
important  factor.  As  the  industry  is  still  in  its  infancy  and  the 
requirements  vary  considerably  for  different  purposes,  standards 
have  not  vet  been  established. 
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Terminals  or  electrodes  for  the  electric  spark  should  neither 
pit,  burn,  corrode,  warp  or  become  incandescent  by  the  action  of 
the  spark.  Therefore  it  is  necessary  to  employ  metals  or  alloys 
which  have  a  high  melting  point,  do  not  corrode,  are  good  thermal 
conductors,  and  show  little  tendency  to  arc.  Platinum,  iridium, 
tungsten  have  been  and  are  being  used  with  success,  but  by  far  the 
most  suitable  metal  is  nickel  and  its  alloys,  such  as  meteor  metal, 
nickel-chromium  and  manganese-nickel. 

THERMAL    CONDUCTORS 

All  materials  located  between  the  source  of  the  heat  and  the 
substance,  whose  temperature  is  to  be  elevated,  must  be  good 
thermal  conductors  in  order  to  obtain  quick  action  and  to  make 
the  loss  of  heat  in  the  transmission  a  minimum.  A  number  of 
substances    as  indicated  in  Table  III,  are  used  in  actual  practice 

TABLE   III— THERMAL    CONDUCTORS 


Thermal  Conductivity. 

Specific  Heat. 

Name 

of 

Substance. 

Conduct! V.  * 

in  g-eal. 

per    sec. 

per 

deg.   cent. 

Watt-sec.  * 
per  t.u.  in. 

per 

degree 

Fahrenheit. 

Specific 

Heat 

Water— 1. 

Watt- sec. 
per  Ounce 

per 

degree 

Fahrenheit. 

Silver              ..  ._  _ 

1.0900 
0.7189 
0.3435 
0..3030 
0.2041 
0.1665 
0.1110 
0.0250 
0.0148 
0.(1012 
0.0006 

6.4644 
4.2415 

2.0267 

1.7877 

1.2042 

0.9824 

0.6549 

0.1475 

0.0873         t 

0.0071 

0.0034 

0.0559     ** 
0.08988     * 
0.2022       * 
0.0935     ** 
0.093 

0.1249    **• 
0.108         * 
0.30       *** 
0.2-0.3      * 
1.0 
0.2374       » 

3.686 

5.923 
13.600 

6.150 

6.125 

8.225 

7.110 
19.78 

13.18-19.78 
65.93 
15.62 

Copper       _    .    

Aluminum       .. .    __  ..  _ 

Zinc       -  - 

Yellow  Brass      _  ___  -    . 

Iron        .    _          -    _    _ 

Soft    Steel    

Graphite,    solid         _  _    .    

Carbon,    solid    

Water       .     .__      .    .     . 

Air,    const,    pressure 1 

*At  about  0  degrees,  C.      **At  0-100  degrees,  C.      **»At  200  degrees,  C. 

for  this  purpose.  Copper  and  silver  are  not  only  the  best  conduc- 
tors, but  they  also  recjuire  very  little  energy  for  increasing  their 
own  temperature.  On  the  other  hand,  water  and  air  are  the  poorest 
conductors  and  absorb  considerable  energy  for  raising  their  tem- 
perature. Table  III  is  so  arranged  that  column  j  expresses  the 
conductivity  and  column  5  the  specific  heat  in  the  number  of  watts 
required  per  second  for  the  English  units  of  measure,  eliminating 
the  necessity, of  transposing  a  number  of  figures  from  the  English 
system  into  the  c.  g.  s.  system  and  vice  versa. 

It  can  be  assumed  that  the  conduction  of  heat  is  governed  by 
the  same  rule  as  the  transmission  of  electrical  energy,  as  expressed 
by  Ohm's  law,  except  that  the  former  does  not  act  instantaneously 
and  is  therefore  subject  to  a  time  element.  Under  these  condi- 
tions it  can  easily  be  understood  that  the  section  of  the  heat  coa- 
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dueling  material  should  be  made  as  large  as  possible  and  the  thick- 
ness reduced  as  far  as  mechanical  strength  will  permit,  unless  the 
mass  of  material  is  increased  for  the  purpose  of  using  it  as  a  "heat 
reservoir"  like  the  cast  iron  bottoms  of  sad  irons. 

TABLE  IV— I'RoriiRTIES  AND  Al'l'LICATIuN  oF  ELECTRICAL  INSILATORS 


Name   of 

Substance 
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Aiiplication   and    I'rofioities   of   Substance 


400  0.001  r.    5.W-G00 
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500 
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100 


500  0.010         250 


13<) 


Sternoid  ._ I    3 


Condensite 
Gumnion  .... 
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1 
SI 

00(1 

iS 

GOO       i 
700       (-., 


135 
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Ifard.   strong',   in- 

fini-ibed  in  black. 

Hard,     but     not 

can     be     liigbly 


Natural  Mica 
Kullt-iipMica. 


700  0.005       4(t0-7()0 
1000  0.()05       lOO-CCd 


Mica-I'aper 1000  0.00-1       200  300 


As»»cst«)s- Fibre  1000  0.035       liiO-lsO 


I.  n.  .V  Av.  y\t> 

l>ickiii>i>M    MfK-    Co., 
densite   Co.   of    .Vniei 


■e   ( 'o.,    I'nn  idrnce.    It. 
S|triM({liclil.    Miis^.      4 
ica,   (MenridKe,    N.   J. 


-Applied  for  coating  bare  elettiicai  conduc- 
tors. Moisture  proof,  hard,  toui^li.  elastic, 
should  not  cuine  in  contact  with  alcohol,  shel- 
lac, tuntentine,  vegetable  oils,  etc.,  in.-s<duble 
in  mineral  oil. 

Applied    in    moulded    form.      Moisture    proof, 
hard,  strong,  not  affected  by  acids,  oils,  alkalis, 
doe.s   not   wai-j). 
j       Applied    in   sheets    for  covering   metal   bodies. 
!  Soft,     tle.xible,    little    mechanical    strength,    ab-  1 
I  sorbs  moisture  easily  and   therefore  can  oidy  be 
I  used    in    dry    places.      The    commercial    product 
'  often   contains   iron   and   other   iiiii)rities,    reduc- 
ing  the  dielectric   strength   to  almost   nothing. 

Ajiidied  for  covering  bare  electrical  conduc- 
tors.     .Soft,    flexible,    strong,    moisture    proof. 

Apiilied  in  sheet  and  moulded  form.  Hard, 
strong,  not  affected  by  acids,  oils,  alkalis,  doe-s 
not  warp,  soliens  above  500  deg.  F.,  but  does 
not  carbonize,   can   be  highly   fiinshed. 

Applied  in  mouliled  form.  Hard,  strong, 
moisture  proof,  nou-combustible,  caii  be  highlv 
(inidhed. 

-•Vpplied   in   moulded   form, 
soluble  in  oils,  moisture  proof, 

-Vpplied  in  moulded  form, 
very  strong,  moisture  proof, 
finished. 

-\pplied  in  sheet  form.  Moisture  proof,  hard, 
strong,  insoluble  in  oils  atid  most  acids,  does 
not   \vaii>  or  shrink,  non-combustible. 

.-Vpplied  in  sheet  and  moulded  form,  didv 
ImilL  up  mica  made  with  a  binder  which  will 
not  disturb  the  insulating  qualities  of  the  mien, 
wiien  iieated  up,  can  be  Used.  The  bintler  in 
the  l>roducts  known  as  mica,  plate,  niira--'' 
Itexibic  mien,  niegoiiiit.  niegotale  orilinaiil.\ 
not  fullill  these  renuirenients.  Flexible,  sti  ^.. 
does  not  warp  or  shrink,  according  to  binder 
aliNOibs   moi>ture  or  is- non-absorptive. 

-Vpplied    in    form    of    tape    for    covi-ring    ban- 
electrical    conductors.      After    the    coihliiilor    i- 
wrajiped,   the   paper   inusi    In-   bnimd    i"     ' 
the   pure    inicji    as   insulator.       Mi.ii  >   I. 

proMiIrd    to   hohl    the    mica    in   place.       I 

nil  tlioil    to    insulate    lead    wires,    when    space    i.i 
limited. 

.Vpplied   in    form  of  woven  cloth   ami   >.l<e\iiii: 
for   covering    flexible,   portable    liPBtiT-;    un.l    li.it. 
electlical      coiiilurtois.       Soft, 
absorbs   moistun'   eii>ilv   and    ; 
Ite   u.sed    in   dry   i  '  ■•    '• 

deg.   F.      The  <■•  ■ 
iron  and   oilnr  ii:.,  . 
strength   to  alniont    ' 

1.     2.  Johna-Manvillc   >  ■■..     >■  -     ■■•'.     >-    '' • 
Hemming    Mig.    Co.,    Garwood.    N.    J.    6.    Con- 
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TABLE  IV— PROPERTIES  AND  APPLICATION  OF  ELECTRICAL  INSULATORS— Con. 


Name    of 

u 

3 
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P. 
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a 

-a 

m 

s 

bid 

ll 

i5 

1 

1 
Application  and   Properties  of  Suostance 

1 
Glazed  Porcelain  .. 

"Fleotrobestos 

1500 
i«nn 

1 

200-800 

50 
30 

75-250 

Applied  in  moulded  form.  Hard,  strong,  not 
aH'cctcd  by  acids,  oils,  alkalis,  moisture  proof, 
can  be  highly  finished.  Becomes  a  fair  con- 
ductor at  high  temperatures,  so  that  it  cannot 
be  uaed  for  furnace  work,  although  it  requires 
about  2  750  deg.   F.  to  fuse  it. 

Applied  in  moulded  form.  Hard,  but  not 
very  strong,  not  affected  by  acids,  oils  or  alkalis, 
but  absorbs  moisture.  Applied  in.  sheet  or 
moulded  form,  the  latter  only,  if  the  shapes 
are  not  complicated.  Hard,  but  not  very  strong, 
not  affected  by  acids,  oils  or  alkalis,  but  ab- 
sorbs moisture.  Can  be  machined,  drilled, 
sawed   and   polished. 

Applied  in  slabs.  Soft,  not  veiy  strong,  not 
afiected  by  acids,  oils  or  alkalis,  can  be  ma- 
chined,  drilled   and    sawed,   absorbs    moisture. 

Can  be  machined  as  accurately  as  brass  in 
natural  state  and  before  being  baked.  Hard, 
moistui'e  proof,,  not  attected  by  acids,  oils  or 
alkalis. 

Applied  in  semi-liquid  form  and  baked,  after 
the  bare  electrical  conductors  are  embedded. 
Becomes  a  fair  conductor  at  high  temperatures. 
Not  affected  by   acids,   oils,   alkalis. 

Applied  in  moulded  form  for  supporting  bare 
electrical  conductors. 

2 

Hemit  B  

4   ■)<\(v\ 

1 

Soapstone 

Lava 

Fire-Clay 

6 

•2000 
■2000 

2000 

2000 

1^6 

1 

6 

I 

Alundum 

2.  Johns-Manville  Co.,  New  York,  N.   Y. 
An\erican   Lava   Co.,   Chattanooga,   Tenn. 


4.    Hemming   Mfg.    Co.,    Garwood,   N.    J.      6. 


ELECTRICAL  AND  THERMAL  INSULATORS 

While  there  is  a  considerable  amount  of  data  in  existence  on 
electrical  and  thermal  conductors,  very  little  reliable  information 
is  on  record  regarding  electrical  and  thermal  insulators,  due  to  the 
fact,  that  the  properties  of  the  insulating  materials  vary  consider- 
ably with  the  working  conditions.  In  general,  it  may  be  stated  that 
good  electrical  insulators  are  also  good  thermal  insulators.  As  the 
design  of  a  great  many  heaters  demands  an  electrical  insulator 
between  the  source  of  the  heat  and  the  thermal  conductor,  which 
transmits  the  heat,  it  can  readily  be  seen  that  the  electrical  insula- 
tors often  should  be  good  thermal  conductors.  Since  such  sub- 
stances are  not  known,  the  next  best  method  which  can  be  pursued 
is  to  employ  thermal  insulators  with  the  least  possible  thickness,  so 
that  they  offer  a  minimum  of  resistance  to  the  transmission  of  heat. 
With  this  point  in  view,  an  attempt  is  made  in  Table  IV  to  enumer- 
ate a  number  of  insulating  materials  in  accordance  with  the  maxi- 
mum working  temperature  and  the  minimum  thickness  at  which 
they  can  be  used  in  actual  practice. 
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In  other  places,  except  between  the  source  of  heat  and  the 
thermal  conductor,  which  transmits  the  heat,  the  electrical  insulat- 
ing materials  have  to  be  thermal  insulators  as  well,  and  providing 
the  space  is  not  limited,  it  is  therefore  desirable  to  employ  a  maxi- 
mum thickness.  In  order  to  give  an  idea  of  the  losses,  sustained 
through  thermal  insulators,  the  table  below  gives  approximate 
figures  of  the  loss  of  heat  expressed  in  watts  per  second  for  one 
cubic  inch  of  the  various  substances  with  a  temperature  difference 
of  one  degree  F.  between  opposite  sides. 

TABLE   V— THERMAL   INSULATORS 


The  materials  named  in  Tables  I  to  \'  are  those  mostly  used 
in  the  construction  of  electrical  heaters.  It  is  not  to  be  implied, 
however,  that  this  list  is  by  any  means  complete.  As  previously 
stated,  the  knowledge  of  the  properties  of  the  electrical  and  ther- 
mal insulating  substances  is  very  limited,  especially  for  high  tem- 
peratures, and  it  is  therefore  advisable  to  use  the  utmost  care 
wheji  constructing  a  new  heating  device,  the  requirements  of  which 
are  somewhat  out  of  the  ordinary. 


ORDERS  AND  METHODS  OF  HANDLING* 

C.  B.  AUEL, 
Director  of  Standards,  Processes  &  Materials,  Westinghouse  Electric  &  Mfg.  Company 

This  is  the  second  of  a  series  of  articles  on  the  general  subject  of 
works  management,  the  first  article  appearing  in  the  April  issue  of 
the  Journal.  In  the  present  contribution  it  has  been  the  aim  to  give  an 
indication  of  the  methods  in  general  use  rather  than  a  detailed  expla- 
nation of  the  particular  routine  of  some  one  organization.     (Ed.) 

ORDERS  take  a  variety  of  forms — they  may  be  large  or 
small,  for  special  apparatus  or  standard,  for  spare  parts 
or  for  repairs,  for  material  or  apparatus  made  by  the 
company  itself  or  material  or  apparatus  bought  outside  for  resale, 
and  any  of  them  may  be  for  domestic  or  for  foreign  trade.  In 
the  handling  of  these  orders  as  many  as  nine  departments  of  a 
manufacturing  organization  may  be  involved,  though  their  names 
may  vary  with  different  companies — and  sometimes  one  department 
may  have  combined  in  it,  the  functions  of  another.  These  several 
departments  are  ;^the  district  sales  offices,  the  sales  correspond- 
ence department,  the  credit  department,  the  engineering  depart- 
ment, the  manufacturing  department,  including  costs,  inspection  and 
testing,  the  storekeeping  department,  the  purchasing  department, 
the  shipping  department  and  the  treasury  department.  The  traffic 
department  might  also  be  added  to  the  list  as  it  is  its  duty  to 
make  contracts  or  agreements  with  various  transportation  com- 
panies for  the  handling  of  the  company's  shipments  for  certain 
periods  of  time  as  well  as  to  trace  occasionally  delayed  or  lost  con- 
signments, to  follow  rush  shipments,  etc.  All  of  these  departments, 
with  the  exception  of  the  district  sales  offices,  are  generally  located 
at  manufacturing  headquarters,  or  in  other  words,  at  the  works. 

All  correspondence  with  customers,  both  before  and  after  the, 
taking  of  an  order,  is  handled,  as  a  usual  thing,  by  or  through 
the  district  sales  offices,  these  being  therefore  the  first  link  con- 
necting the  customers  and  the  company  together.  The  district 
sales  offices  in  turn,  carry  on  all  of  their  correspondence  with  the 
sales  correspondence  department  which,  therefore,  becomes  the 
second  link.  Perhaps  in  none  of  the  departments  is  there  a  great- 
er amount  of  common  sense  required  and  possibly  less  set  rules 
to   be    guided    by,    than    in    the    sales    correspondence    department 


*Taken  in  part  from  the  author's  paper  read  at  the  meeting  of  The  Na- 
tional Tool  Builders'  Association,  Atlantic  City,  N.  J.,  May  19,  191 1. 
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of  any  large  company.  J I  must  he  the  c(Miipletest  kind  of  an  in- 
formation hureau,,  supplying  as  it  does  nut  only  the  district  sales 
offices  with  every  variety  of  detail  regarding  the  company's  appar- 
atus, so  that  sales  may  be  facilitated,  but  after  sales  have  been 
made,  supplying  the  several  other  departments  with  necessary  in- 
struction, the  engineering  dei)artment  with  specifications  from  which 
manufacturing  information  may  be  prej^ared,  the  manufacturing 
department  with  dates  for  shipment,  advice  as  to  bonus  or  penalty, 
etc..  the  district  sales  offices  with  word  as  to  the  progress  being 
made  towards  completion  of  orders  and  so  on.  In  addition  to 
these  functions,  it  is  this  department  which  is  primarily  responsible 
for  the  stocks  of  finished  apparatus  carried  by  a  company,  so  that 
it  must  be  able  to  anticipate  the  trend  of  the  market — stocking  up 
on  apparatus  to  meet  recjuirements  when  business  is  increasing, 
discounting  in  turn  dull  markets  by  allowing  stocks  to  become  de- 
pleted so  that  the  company  will  not  have  a  large  amount  of  capital 
tied  up,  when  perhaps  it  can  least  be  afforded ;  and  seeing  at  all 
times  that  apparatus  in  stock  is  sold  and  not  allowed  to  become 
obsolete  through  the  bringing  out  of  new  standards.  It  is,  of 
course,  not  to  be  expected  that  the  sales  correspondence  department 
can  accomplish  unaided  all  of  the  duties  enumerated,  and  accord- 
ingly other  departments  are  called  upon  from  time  to  time  to  sup- 
ply such  special  items  of  information  as  may  be  necessary.  The 
divisions  of  a  department  of  this  kind  are  ])urely  local  and  have 
little  or  no  significance  outside  of  a  particular  company.  In  one 
concern  the  divisions  may  be  called  domestic  and  foreign — in  an- 
other, they  may  be  mail  order,  cash  sales,  etc.,  and  in  another,  such 
as  an  electrical  manufacturing  concern  for  example,  they  may  be 
railway  and  lighting,  industrial  and  ]K)wer,  detail  and  supjily,  ex- 
port, repair. 

Contracts  for  apparatus  usually  require  not  only  the  signa- 
tures of  the  customer  and  the  salesman  but  are  so  worded  that 
they  do  not  become  valid  until  countersigned  by  an  executive  offi- 
cer of  the  company.  They  arc  therefore  forwarded  b\'  the  district 
sales  offices  to  head(|uartcrs  where  practically  the  first  step  is 
for  the  credit  department  to  investigate  the  financial  standing  of 
the  customer  in  order  to  safeguard  the  company  against  loss.  If 
the  replies  tt>  their  in(|uiries  are  satisfactory,  an  executive  officer 
then  formally  approves  the  contract  by  attaching  his  signature  to 
it.     Contracts  are  usually  signed  in  dui)licate.  ""••  '"tiv  \n-\nr'  re- 
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turned  to  the  customer  through  the  medium  of  the  sales  corres- 
pondence department  and  the  district  sales  office,  the  other  being 
filed  with  the  auditor.  Of  course,  where  the  contract  is  a  small 
one,  formality  of  this  kind  may  be  dispensed  with,  the  feature  of 
looking  up  the  customer's  financial  standing  being  then  delegated 
to  the  district  sales  office.  After  the  approval  of  the  contract,  the 
sales  correspondence  department  next  itemizes  the  apparatus  and 
parts  called  for,  listing  them  on  regular  printed  forms,  and  giving 
to  each  contract  a  serial  number  for  reference  purposes.  Copies 
are  sent  to  the  departments  interested,  including  the  storekeeping 
department,  the  fourth  in  the  chain.  The  individual  items  are 
scrutinized  by  the  storekeeping  department  to  see  if  the  required 
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FIG.    I — A   FORM   OF   STOREKEEPER  S  RECORD  OF   STOCK  AVAILABLE  AND     ON    HAND 


materials  are  available  for  this  particular  contract  or  whether  it 
will  be  necessary  to  order  them.  It  will  readily  be  appreciated 
that  some  systematic  way  exists  for  determining  this,  and,  in  gen- 
eral, it  is  accomplished  through  the  medium  of  a  record  somewhat 
like  that  illustrated  by  Fig.  i  and  which  forms  part  of  a  series 
of  loose  leaf  ledgers — these  ledgers  may,  of  course,  be  carried  in 
card  form,  if  preferred.  This  sheet  is  divided  into  main  parts, 
the  first  embracing  columns  for  recording  the  quantity  ordered 
from  time  to  time  by  the  storekeeping  department  for  stock,  also 
the  quantity  required  to  fill  each  contract  as  it  is  received,  the  dif- 
ference between  these  two  items  being  the  balance  available  (but 
not  necessarily  in  stock)  to  apply  on  further  contracts  as  same  are 
received.     The  other  main  division  of  this  ledger   sheet   includes 
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culuinns  for  recording  the  actual  receipts  of  the  material  in  the 
storerooms,  also  the  issues  as  they  are  shipped  from  the  storerooms 
either  into  the  factory  or  to  customer,  the  difference  between  these 
items  being  the  quantity  left  in  stock.  A  record  such  as  this  is 
applicable  to  items  of  all  kinds  whether  finished  apparatus  or  raw 
material  and  is  thus  employed  in  the  storekeeping  department  for 
practically  all  materials,  though  it  may  be  modified  to  some  extent 
in  connection  with  simple  items  like  copper  wire  and  sheet  steel 
as  well  as  for  nuts,  bolts,  washers,  screws,  rivets,  etc.  For  ma- 
terials which  are  used  in  large  quantities  and  the  unit  cost  of  each 
of  which  is  so  inconsiderable,  it  is  not  necessary  or  practical  to 
use  quite  the  same  scheme  as  that  used  with  more  valuable  ma- 
terials. These  are,  therefore,  not  checked  on  the  ledgers  by  indi- 
vidual orders  but  are  simply  issued  in  quantities  to  the  manufac- 
turing department  by  the  stock-men  of  the  storerooms ;  who  from 
time  to  time  send  statements  to  the  storekeeping  department  of 
the  total  withdrawals  to  date  and  these  totals  are  checked  against 
the  various  other  columns  as  before. 

In  the  case  of  certain  items  like  copper,  for  example,  it  may 
be  highly  advisable  under  special  conditions  to  depart  from  the 
routine  just  dscribed.  Suppose,  for  instance,  there  are  well  de- 
fined reasons  for  believing  that  copper  is  to  take  a  decided  drop 
in  i)rice,  the  purchasing  department  so  advises  the  storekeeping 
department  and  the  (juantities  usually  carried  as  availables  are  al- 
lowed to  run  away  down.  When  the  opportune  moment  arrives, 
a  single  large  order  covering  i)crhaps  six  months  or  a  year's  sup- 
ply may  be  j^hced.  The  available  supjjly  thus  becomes  as  much 
higher  than  usual  as  before  it  was  lower.  In  such  cases  delivery 
can  generally  be  specified  as  being  wanted  in  monthly,  (piarterly 
or  other  installments,  if  desired.  It  must  be  understood  that  the 
storekeeping  department  in  placing  their  orders,  buy  the  materials 
cither  from  the  works  or  from  outside  firms.  In  the  latter  case, 
recjuisitions  are  placed  with  the  purchasing  department  (this  being 
the  fifth  link  in  the  chain)  who  in  turn  buy  the  materials  to  the 
best  advantage  wherever  this  may  be  done.  To  assist  the  j)urchas- 
ing  department,  it  is  desirable  not  to  specify  materials  with  "trade" 
names,  as  this  generally  ties  one  up  to  a  fixed  j)rice  and  eliminates 
competition.  So  a  quality  is  sometimes  specified  instead,  as  for 
example,  black  insulating  paint,  grade  ".\."  The  purchasing  de- 
partment can  then  turn  to  a  key  which  they  have,  explaninig  what 
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grade  "A"  means,  and  on  so  doing,  find  that  paint  of  this  kind 
and  quality  may  be  purchased  from  several  firms  from  whom  prices 
are  therefore  olitained  before  the  order  is  placed. 

Sometimes,  when  apparatus  or  material  is  to  be  purchased  out- 
side and  shipped  direct  to  the  customer  without  entering  the  works 
in  any  way,  the  sales  correspondence  department  may,  in  order  to 
facilitate  matters,  communicate  with  the  purchasing  department  di- 
rect, thus  eliminating  the  storekeeping  department  entirely. 

All  material  as  received  is  checked  for  quantity  and  quality 
and  all  bills  for  purchases  must,  before  payment,  be  O.  K'd  not 
only  for  quantity  and  quality  but  for  unit  price,  as  well  as  for 
total  value,  thus  showing  the  figures  as  listed  to  have  been  cor- 
rectly multiplied,  added,  etc.  Material  not  in  stock  and  to  be 
made  in  the  works  is  ordered  by  the  storekeeper  on  what  are  called 
shop,  stock  or  store  orders  which  may  take  a  variety  of  forms. 
In  general,  these  contain  the  number  of  the  order,  a  brief  descrip- 
tion of  the  material  wanted,  the  date  of  entry  of  the  order,  the 
date  required  for  completion,  and  so  on.  Copies  of  these  orders 
are  issued  to  all  departments  interested.  Manufacturing  informa- 
tion is,  of  course,  necessary  from  the  engineering  department 
(which  is  the  sixth  link  in  the  chain).  However,  where  appara- 
tus has  become  standardized,  the  routine  work  of  supplying  such 
information  to  the  manufacturing  departments  may  be  very  much 
reduced  by  having  it  issued  once  for  all  in  permanent  form.  When 
this  is  done,  the  orders  as  issued  by  the  storekeeping  department 
then  bear  some  key,  usually  a  serial  or  style  number,  by  means  of 
which  the  manufacturing  departments  (these  forming  the  seventh 
link)  can  refer  to  such  information  already  at  hand  and  commence 
work  at  once,  if  advisable,  without  the  necessity  of  receiving  in- 
structions from  the  engineering  department.  When  the  apparatus 
has  not  been  standardized,  however,  the  engineering  department 
then  outline  the  designs,  which  are  next  worked  out  in  detail  by 
the  drafting  department,  this  latter  being  usually  considered  as  a 
part  of  the  engineering  department.  In  these  designs  every  efi^ort 
is  made  to  make  use  of  existing  patterns,  dies,  jigs,  tools,  standard 
finished  materials  such  as  screws,  nuts,  bolts  and  washers,  raw 
materials  such  as  standard  sizes  of  sheet  metal,  wire,  bars,  etc. 
When  it  is  necessary  to  make  new  patterns  the  question  must  be 
decided  (usually  by  the  manufacturing  departments)  as  to  whether 
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these  shall  be  of  wood  or  of  metal.  In  ilu-  case  of  new  dies,  it 
is  a  question  whether  these  shall  be  index  or  compound  and  scjme- 
times  the  element  of  time  may  be  the  deciding  factor. 

On  new  work  it  is  often  impossible  to  send  all  information  to 
the  manufacturing  departments  at  once,  so  the  items  requiring  the 
most  work  on  them  are  sent  in  first  and  the  others  as  rapidly  as 
possible  thereafter.  At  such  times  information  is  likewise  sent  to 
the  storekeeping  department  so  that  their  end  of  the  order  may  be 
properly  taken  care  of.  This  manufacturing  information  consists 
of  drawings  and  material  specifications,  or  bills  of  material.  It  is 
well  worth  while  to  spend  a  moment  or  two  in  a  closer  examina- 
tion of  the  general  scheme  of  compiling  such  data.  Formerly  it 
was  the  custom  in  most  concerns  to  make  almost  a  complete  set 
of  drawings  for  each  order  and  without  very  much  attempt  to  see 
to  what  extent  parts  of  drawings  already  in  existence,  could  be  used. 
From  these  drawings,  each  of  which  was  quite  elaborate,  material 
si)ecifications  or  bills  of  material  were  written  up,  listing  all  of  the 
materials  required  to  build  the  apparatus  shown  on  the  drawings, 
(iradually,  however,  apparatus  that  might  be  called  (|uite  special 
when  finally  finished,  was  found  to  have  an  increasing  number  of 
parts  common  to  other  pieces  of  apparatus,  so  the  idea  was  slowly 
evolved  of  having  a  lesser  number  of  assembly  drawings  and  an 
increasing  number  of  elemental  drawings.  In  this  way  many  ele- 
mental drawings  can  be  used  over  and  over  again  and  a  consider- 
able saving,  therefore,  effected  in  the  work  of  the  drafting  and 
other  departments. 

When  a  new  order  is  sent  to  the  various  manufacturing  de- 
partments, the  orders  already  on  hand  are  carefully  looked  over 
by  them  to  see  if  there  is  anything  already  promised  which  is  at 
all  likely  to  prevent  the  date  of  shipment  asked  for  on  the  new 
order,  from  being  kept.  If  there  is,  every  effort  must  be  made  to 
rearrange  the  various  orders  so  as  to  remove  any  interference ;  but, 
if  there  still  remains  a  conflict,  then  the  sales  corresp'udence  de- 
partment is  usually  called  in  to  see  which  orders  shall  be  given 
preference,  referring  the  matter,  if  need  be,  to  the  district  sales 
office  most  intcrestefl. 

Before  proceeding  further,  it  will  be  necessary  to  con>uier  liic 
physical  arrangement  of  the  manufacturing  departments  if  one  is 
to  appreciate,  even  faintly,  the  trcmetulous  amtumt  of  thought  and 
effort    regularly    expended    upon    the^e   dennrfmrnts    with    the   sole 
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aim  of  handling  orders  expeditiously  and  economically.  There 
may  be  said  to  be  two  general  methods  of  laying  out  a  works, 
either  by  arranging  the  equipment  on  the  basis  of  tools  and 
processes,  or  on  the  basis  of  product ;  sometimes  both  of  these 
schemes  may  be  combined.  It  will  be  found  almost  invariably  that 
in  the  original  design  and  layout  of  manufacturing  concerns  of 
small  and  medium  size,  the  tool  equipment  has  been  arranged  so 
that  similar  tools  are  grouped  together,  and,  therefore,  operations 
of  a  like  kind,  such  as  milling,  planing,  drilling,  screw  machine 
works,  etc.     The  reasons  for  this  are : — 

I — That  for  each  of  the  principal  machining  operations  there  is  fre- 
quently but  a  single  expert,  and  in  order  to  make  use  of  his 
talent,  no  other  scheme  is  permissible. 

2 — The  centralizing  of  machines  of  a  kind  tends  to  decrease  the  num- 
ber required  for  a  given  output.  As  a  result  of  these  there 
follow  logically : — 

3 — Accuracy  and  speed  in  workmanship. 

4 — Uniformity  in  methods. 

5 — Economy  in  floor  space. 

6 — Minimum  distribution  of  power. 

An  arrangement  of  this  kind  is  called  departmentalization  on 
the  basis  of  equipment.  Under  this  method  of  production,  a  shop 
may  be  said  to  be  divided  into  two  portions,  "feeder"  and  "assem- 
bly" sections  respectively,  the  feeder  sections  making  the  parts 
from  the  raw  materials  and  delivering  them  either  to  the  store- 
rooms or  to  assembly  sections  where  they  are  assembled  into  the 
complete  apparatus  preparatory  to  test  and  shipment.  There  will 
in  general,  be  a  number  of  feeder  sections,  entirely  independent  of 
one  another  and  there  may  likewise  be  one  or  more  assembly  sec- 
tions. A  production,  planning  or  routing  department  usually  de- 
termines the  manner  in  which  orders  are  to  be  brought  through, 
arranges  delivery  dates,  keeps  track  of  the  orders  as  they  progress 
through  the  shop  and  exercises  general  supervision  over  produc- 
tion. 

In  the  departmentalization  of  a  works  on  the  basis  of  product, 
the  apparatus  is  first  segregated  into  groups  or  classes.  The  works 
are  then  divided  into  a  certain  number  of  more  or  less  separate 
manufacturing  departments  and  one  or  more  groups  of  apparatus 
assigned  to  each  department  for  manufacture. 

In  any  growing  manufacturing  concern  with  a  diversity 
of  product  there  comes  a  time  when  the  advantages  of 
the  former  arrangement  are  more  than  ofifset  by  the  diffi- 
culties    incident     to     its      successful     operation.       The     increase 


ORDERS  AND  METllUDS  UI'  IIASDLLXC  44.J 

ill  volume  of  semi-finished  parts  passing  from  feeder  Ut 
assembly  sections,  with  the  accompanying  increase  of  clerical 
and  other  work  and  the  multiplication  of  foremen  and  superin- 
tendents concerned  in  the  manufacture  of  any  one  class  of  product, 
result  in  delays  and  increased  expenses  of  various  kinds  which 
cannot  be  overcome,  nor  can  the  recurrence  of  them  be  prevented. 
l'erhaj)s  the  greatest  drawback  of  such  a  scheme  is  the  inability  to 
till  orders  promptly.  This  is  especially  apparent  during  periods  of 
business  depression  when  (|uick  delivery  is  of  larger  importance 
than  at  any  other  time.  The  amount  of  stock  on  hand  is  then 
usually  lowest  and  accordingly  a  larger  percentage  of  apparatus 
must  be  built  from  the  ground  up  to  fill  orders.  Under  these  cir- 
cumstances, it  becomes  imperative  to  place  all  so-called  "ru^h", 
"forfeiture"  and  other  orders  of  a  like  nature  in  a  class  by  them- 
selves and  to  conduct  them  personally,  as  it  were,  through  the  shoj). 
In  the  doing  of  this,  though,  other  orders  are  relegated  to  the 
background  with  conseciuent  disastrous  results,  particularly  in  the 
matter  of  dissatisfaction  on  the  part  of  the  customers  for  whom 
such  orders  are  intended.  Of  course,  the  greater  the  volume  of 
these  special  orders,  the  greater  the  ensuing  confusion  and  delay 
in  connection  with  other  orders,  so  that  this  method  of  procedure 
is  nt>t  a  .solution  but  simply  a  makeshift,  a  temporary  e.xjiedient  to 
be  abandoned  as  fpiickly  as  some  more  rational  method  presents 
itself.  Another  vital  ditficulty,  perhaps  e(|ual  in  importance  to  that 
alrea<ly  mentioned,  is  the  matter  of  divided  resj)onsibility,  no  one 
individual  being  re'>ponsible  for  any  complete  i)iecc  or  class  of  ap- 
paratus. Such  being  the  case,  it  is  exceedingly  difficult  even  to 
make  an  attempt  to  ameliorate  or  to  improve  conditions  which  are 
knt)wn  to  need  attention,  for  the  reason  that  there  seems  to  be  no 
proper  place  at  which  to  commence  the  betterment  work.  .\s  a 
result  of  these  conditions  and  without  going  any  more  minutely 
into  an  analysis  of  the  difiiculties,  it  is  reasonable  to  assume  that  in 
consc(|uence  of  shipments  being  delayed  and  responsibility  divided, 
"work  in  progros"  and  b<»th  raw  and  finished  stock  will  be  large, 
and  such  proves  to  be  the  case. 

In  the  company  with  which  the  writer  is  connected  it  became 
recognized  that  meth<Kls  of  manufacture  which  had  in  the  past 
been  satisfactory,  were  proving  ina(le(|uate  to  h.indle  the  grownig 
volume  of  business.  After  thoroughly  invotigating  the  matter,  it 
was  deemed  advisable  to  modify  the  original  scheme  of  manufac- 
turing .so  as  to  make  it  lean  more  strongly  towards  manufacture 
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on  the  basis  of  product,  that  is,  to  divide  the  plant  into  a  number  of 
separate  units,  as  self-contained  as  the  nature  of  the  work  of  each 
permits,  and  treat  the  units  like  independent  factories,  as  it  were, 
housed  together  under  the  same  roof  for  mutually  advantageous 
purposes,  yet  buying  from  and  selling  to  one  another  at  cost,  their 
various  commodities,  as  circumstances  made  desirable.  A  scheme 
of  this  kind  naturally  causes  a  number  of  duplications  of  organiza- 
tion and  equipment.  While  this  is  so,  it  does  not  necessarily  in- 
volve any  material  increase  in  either,  since  the  change  is  more  in 
the  nature  of  a  rearrangement  of  the  existing  equipment  and  or- 
ganization, with  the  addition  here  and  there  of  a  few  tools  which 
under  the  original  plan,  were  used  in  common  by  two  or  more 
departments.  Even  this  may  be  avoided  to  some  extent  by  assign- 
ing such  tools  to  the  department  requiring  them  most  and  permit- 
ting the  other  departments  to  have  their  work  done  on  requisition. 

In  introducing  this  scheme  in  the  East  Pittsburgh  Works,  (and 
the  Electric  Company  is  being  taken  simply  as  typical  of  other 
large  manufacturing  establishments  having  a  wide  range  of  prod- 
ucts), it  was  deemed  wise  as  a  precautionary  measure  to  put  it  into 
effect  in  but  one  department  only,  further  progress  along  this  line 
to  be  dependent  upon  the  results  obtained  in  it.  This  was  accord- 
ingly done  and  with  very  gratifying  results,  almost  from  the  com- 
mencement. It  was  found  as  anticipated,  that  among  other  ad- 
vantages, shipments  were  facilitated  and  work  in  progress  and 
stock  decreased,  all  to  a  very  marked  degree. 

Comparing  the  routine  in  this  particular  department  under  the 
original  and  the  modified  plans,  in  the  original  the  work  was  per- 
formed by  22  sections  located  in  13  independent  departments;  in 
the  plan  as  modified,  the  same  work  is  done  by  13  sections  in  7 
independent  departments.  But  this  by  no  means  emphasizes  the 
difference  even  in  the  routine,  for  the  reason  that  under  the  modi- 
fied plan,  authority  for  an  entire  line  of  apparatus  is  vested  in  a 
single  individual,  who,  therefore,  is  enabled  to  exercise  his  discre- 
tion as  to  the  raw  and  partly  finished  items  to  be  carried.  By  a 
judicious  selection  of  these,  he  has  at  all  times  a  certain  amount  of 
stock  on  hand  and  is  thus  to  a  large  extent  independent  in  the 
matter  of  deliveries  on  other  sections  outside  of  his  authority 
which  supply  him  with  materials.  In  consequence  of  the  excellent 
showing  made  in  the  department  selected  for  trial,  departmental- 
ization on  the  basis  of  product  was  gradually  extended  throughout 
the  plant  and  though  not  yet  perfect  the  general  results  have  been 
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a  conhnnation  of  those  obtained  in  the  department  in  which  the 
scheme  was  first  tried. 

Of  course,  it  is  hardl}-  practical  to  carry  this  departmental 
idea  into  all  sections ;  for  example,  in  pattern  shops  and  foimderies, 
or  in  certain  other  places  where  either  the  work  or  the  equipment  is 
very  special;  neither  is  it  wise  to  include  such  operations  as  disq 
grinding  or  polishing  on  account  of  the  deleterious  effect  of  the 
dust  and  fumes  on  other  machines  in  the  vicinity,  though  certain 
work  of  this  kind  may  be  done  in  some  of  the  departmentalized 
sections  where  facilities  for  carrying  oft'  the  dust  and  fumes  can  be 
jjrovided;  it  is,  however,  possible  to  departmentalize  a  section  with- 
out necessarily  changing  its  geographical  location,  simply  by  as- 
signing a  certain  proportion  of  the  floor  space  and  the  tool  equip- 
ment in  it.  to  each  departmentalized  unit. 

As  at  present  arranged,  there  are  in  the  Electric  \\'orks  eight 
fairly  self-contained  departments,  as  follows : — 

I — Railway,  mining  and  crane  motors. 

2 — Power — for  large  generators  and  motors. 

3 — Control — for  railway  and  industrial  control  apparatus. 

4 — ^Detail — for  switchboards  and  accessories. 

5 — Small  motor — for  small  power  motors. 

6 — Transformers. 

7 — Locomotives. 

iS — Industrial — f  )r  medium  sized  motors. 

liesides  these,  certain  "feeder"'  sections  still  continue: — coils. 
l>unchings,  blacksmith,  cabinet  and  pnttem-mnking.  screw  machine, 
foundries,  etc. 

\\  ith  respect  to  the  screw  machine  section,  it  may  be  stated 
that  this  has  been  departmentalized  to  some  extent,  though  the 
greater  portion,  for  the  maiuifacture  of  >uch  parts  as  are  made  in 
large  quantities  and  carried  in  stuck  by  ihc  central  stores,  remains 
imchangcd.  because  considered  as  a  self-contained  unit  supplying 
storeroom  stock. 

Summarizing  the  various  advantages  of  dei)artmcnt.-dization 
•  ni  tbr  basis  of  product,  they  tray  be  .said  to  include: 

I — Centralizing  of  nutliority   in   the  production  of  i-.un   (.i,i'<.><  i-i    -m'- 

paratus. 
2 — Decrease  in  time  recjuired  to  fill  orders. 
.3 — Increase  of  output  in  a  given  period. 
4 — Hccrease  in  work    in  progress  and  in  stock. 
5 — Saving  in  floor  space. 
'* — -Decrease  in  handling  uf  materials. 
7— Decrease  in  clerical  labor. 

8 — Decrease  in  indirect  expense  or  ovcrln  ul   liirdm 
0 — Increase  in  individual  initiative. 
10 — Healthy  competition  between  similar  seHri.'Ui-    imi  <n  j-.u  uncnts. 
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It  will  be  seen  from  the  preceding  how  a  growing  concern  with 
an  ever  increasing  variety  of  product  may  change  from  one  dis- 
tinct scheme  of  manufacturing  to  another  equally  distinct,  both 
nevertheless-  being  equally  effective  within  their  respective  limits. 
For  a  manufacturing  concern  with  a  thoroughly  standardized  line 
of  products,  however,  departmentalization  on  the  basis  of  tool  and 
process  equipment,  is  almost  invariably  the  rule. 

If  an  order  is  to  be  handled  properly  it  is,  of  course  evident 
that  the  work  connected  with  it  must  be  intelligently  mapped  out ; 
that  is  to  say  if  the  apparatus  is  to  be  built  according  to  regularly 
prepared  designs  and  in  a  given  time,  with  the  ultimate  idea  of 
satisfactorily  meeting  all  requirements  including  the  making  of  a 
fair  profit,  regular  methods  of  procedure  with  respect  both  to  the 
labor  and  the  material,  must  be  followed.  To  those  who  are  not 
already  familiar  with  the  details  of  such  work,  it  may  come  as 
somewhat  of  a  surprise  to  learn  just  how  closely  every  item  of 
labor  as  well  as  material  can  be  and  is  actually  analyzed  and  fol- 
lowed up  in  every  up-to-date  manufacturing  establishment. 

It  must  not  be  supposed  that  apparatus  is  regularly  built 
from  the  ground  up  on  its  own  order — such  is  perhaps  the  excep- 
tion rather  than  the  rule.  To  facilitate  production,  parts  of  appa- 
ratus are  carried  in  stock  in  a  more  or  less  finished  condition,  so 
that  the  average  order  for  a  complete  piece  of  apparatus  is  fre- 
quently but  an  assembling  one.  In  other  words,  when  a  contract  is 
received  and  an  order  entered  on  the  manufacturing  departments 
by  the  storekeeping  department  for  the  apparatus,  the  parts  are 
not  necessarily  made  on  this  particular  order  but  are  largely  drawn 
from  stock,  that  is,  from  the  storerooms,  where  they  are  regularly 
carried  either  in  a  wholly  finished  or  a  partly  finished  condition, 
whichever  will  give  them  the  greatest  degree  of  flexibility.  They 
are  then  assembled  on  this  order  and  sent  to  the  shipping  depart- 
ment (this  being  the  eighth  link  in  the  chain).  The  ninth  and  last 
link  is  the  treasury  department  to  whom  is  paid  the  price  of  the 
apparatus  by  the  customer. 

There  is  one  class  of  orders  which,  as  a  rule,  is  handled  quite 
differently  from  every  other  kind — these  are  repair  orders.  In 
general^  the  assumption  is  made  that  the  customer  is  in  urgent  need 
of  the  apparatus  which  should,  therefore,  be  repaired  and  returned 
to  him  at  the  earliest  possible  moment.  To  carry  out  this  idea  fre- 
quently necessitates  a  violation  of  routine,  but  it  pays  nevertheless 
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to  do  so.  Another  class  of  orders  which  is  considered  somewhat 
in  the  same  way  as  repair  orders  (though  of  course  not  to  the 
same  extent)  are  foreign  orders,  especially  to  distant  ports — this 
is  on  account  of  the  time  between  the  departure  of  vessels  being 
considerable,  sometimes  a  month  or  two,  so  that  missing  a  sched- 
uled steamer  may  become  a  serious  matter.  It  goes  almost  without 
saying  that  forfeiture  orders  are  always  in  this  preferred  class. 

The  stock  of  all  manufacturing  concerns  may  be  separated 
into  three  parts — raw  materials,  work  in  progress  and  finished  ap- 
])aratus  or  parts,  though  this  scheme  may  not  always  be  carried 
out  in  jiractice.  Where  it  is  in  effect,  however,  and  separate  ac- 
counts maintained,  the  raw  materials  when  received  at  the  work^ 
and  turned  into  the  storerooms  are  charged  against  the  raw  ma- 
terials account  and  when  they  are  in  turn  drawn  out  of  the  store- 
rooms by  the  manufacturing  dejjartments,  this  raw  materials  ac- 
coimt  is  credited,  while  work  in  ])rogress  becomes  debited.  When 
the  apparatus  is  finally  finished  and  shij)ped  into  the  warehouse, 
the  work  in  progress  account  is  credited  and  the  finished  apparatus 
account  becomes  debited,  and  finally  when  the  apj^aratus  is  shipped 
to  the  customer  the  finishecl  ai)paratus  account  is  credited  and  the 
customer  is  debited.  All  of  these  accounts  of  course  mean  capital 
tied  up  temporarily  as  money  has  been  paid  out  both  for  labor  and 
material  and  sometimes  the  amounts  involved  run  into  tremendous 
figures. 

Generally  s])eaking,  the  raw  materials  should  in  theory  arrive 
at  the  works  just  when  needed,  neither  sooner  or  later.  Similarly 
with  the  stock  of  finished  ai)paratus.  this  should  be  shipped  to  the 
customer  as  soon  as  comi)leted ;  or  if  it  is  a  i|uantity  for  st(X'k 
which  is  completed  at  one  time,  the  la>>t  of  tlii>>  (|uantity  should  be 
sold  and  shijjjied  to  customer,  just  as  the  next  (|uantity  is  com- 
l)Icted  and  turned  into  the  warehouse,  the  idea  being  to  fill  cus- 
tomer's rcfiuiremcnts  at  all  times  from  stock  and  not  kcej)  them 
waiting,  yet  to  have  no  surplus  on  hand.  Of  course,  it  is  ab.so- 
lutely  impossible  even  to  approach  this  ideal  condition  and  always 
have  finished  material  or  apparatus  ready  to  ship  whenever 
wanted,  yet  never  to  have  any  raw  or  finished  material  on  hair! 
when  it  is  not  wanted,  nevertheless,  the  ideal  condition  should  be 
con.stantly  striven  for.  One  way  in  which  the  amount  of  stock  h 
sometimes  regulated  will  be  briefly  explained. 

.Assume  that  the  sales  correspondence  department  has  decided 
that  in  order  either  to  bold  a   fair  share  of  the  trade  in  certain 
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lines  of  apparatus  or  perhaps  to  increase  it,  it  will  be  necessary  to 
be  in  a  position  to  fill  customers'  orders  from  stock  where  hereto- 
fore 1 20  days  have  been  satisfactory  in  which  to  make  deliveries. 
One  hundred  and  twenty  days  are  required  for  two  reasons :  be- 
cause the  materials  have  not  been  carried  in  stock  and  it  takes  an 
average  of  60  days  to  get  them  into  the  works  after  placing  orders 
and  a  further  60  days  are  necessary  in  which  to  turn  out  the  fin- 
ished apparatus.  We  see,  therefore,  that  even  if  it  were  decided 
to  carry  the  raw  materials  in  the  storerooms,  the  best  deliveries  of 
finished  apparatus  that  could  be  made  would  be  60  days  after  re- 
ceipt of  customers'  orders  instead  of  120  days,  but  this  is  not  good 
enough.  Finished  apparatus  must  be  in  the  warehouse  ready  to 
ship  on  a  day's  notice.  If  only  the  raw  materials  were  to  be  car- 
ried in  the  storerooms  and  it  required  60  days  to  turn  them  into 
finished  apparatus  in  the  warehouse,  it  is  at  once  evident  that  a  60 
days'  supply  of  such  finished  apparatus  would  have  to  be  carried 
in  the  warehouse ;  because  for  every  piece  that  was  shipped  to  cus- 
tomer, 60  days  would  be  required  to  replace  it.  However,  a  60 
days  supply  of  finished  apparatus  means  perhaps  altogether  too 
much  capital  invested,  so  the  sales  correspondence  and  the  manu- 
facturing departments  evolve  a  scheme  for  carrying,  say  30  days 
supply  of  finished  apparatus  in  the  warehouse  and  at  the  same 
time  a  stock  of  certain  partly  finished  parts  which  are  capable  of 
being  turned  into  finished  apparatus  within  30  days.  Comparing 
now  these  two  schemes,  namely,  the  one  in  which  60  days  supply 
of  finished  apparatus  is  carried  in  the  warehouse  with  the  one  in 
which  30  days  supply  of  finished  apparatus  is  carried  in  the  ware- 
house, as  well  as  a  stock  of  partly  finished  parts,  it  may  be  seen 
that  there  is  a  marked  advantage  in  the  latter  over  the  former. 
This  second  scheme  manifestly  calls  for  the  tying  up  of  a  less 
amount  of  capital  than  the  first  scheme  and  if  it  is  finally  decided 
to  adopt  it,  a  schedule  is  made  out  listing  the  parts  that  are  to  be 
carried  in  stock  as  partly  finished  material.  A  schedule  of  this 
kind  is  known  as  a  stock  specification.  Besides  tying  up  less 
capital,  it  is  also  more  flexible  in  that  these  partly  finished  parts  are 
frequently  available  for  filling  orders  for  spare  parts  or  for  being 
used  perhaps  in  the  building  of  other  apparatus. 


THE  SPHERE  SPARK  GAP 

S.  W.  FARNSWORTH 

FOR  measuring  niaximuin  instantaneous  values  of  high  volt- 
ages a  spark  gap  is  commonly  used,  consisting  of  two 
terminals  separated  by  a  certain  air  gap.  By  calibration,  the 
voltages  necessary  to  break  down  various  separations  are  deter- 
mined, thus  making  the  spark  gap  a  secondary  standard.  The  break- 
down voltage  for  a  given  distance  varies  greatly  for  different 
shapes  of  terminals,  so  in  making  a  standard  gap  the  exact  shape 
of  terminal  must  be  specified.     Until  recently  sharp  needle  points 

have  been  used  almost 
exclusively.  Other  than 
the  shape  of  the  termi- 
nals such  factors  as  hu- 
midity, barometric  pres- 
sure, temperature,  etc., 
cause  variations,  and 
corrections  for  these  are 
necessary  when  accu- 
racy is  desired. 

With  the  higher  vol- 
tages which  have  come 
into  use  during  the  past 
few  years,  the  inconsis- 
tencies of  the  spark  gap 
using  needle  terminals 
have  been  more  notice- 
able and  the  extreme 
care  which  has  to  be 
used  to  obtain  consistent 
and  rclial)lc  results  has 
caused  dissatisfaction 
with  its  use.  I'or  the 
past  three  years,  spark 
gaps  having  spheres  for 
tcnninals  have  been  in  regular  use.  These  have  proven  so  su- 
perior to  the  needle  gap  and  have  given  such  conii)lete  satisfaction 
that  they  have  been  proposed  as  an  .\.  I.  I'.  E.  standard  to  replace 
the  needle  gap  in  a  joijit  paper  by  Mr.  Fortescue  and  the  author.* 
When  spheres  are  used  for  terminals,  breakdown  will  take 
place  without  initial  corona,  if  the  separation   is  not  greater  than 
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KK;.    I — CALIHR.MION    CLKVKS   OF    SPHERK 
SPARK   GAPS 

Unc  sphere  grounded,  .^s  yet  only  the  25- 
cm  sphere  curve  lias  l)cen  actually  calibrated 
up  to  full  diameter  separation.  For  values 
above  .^ooooo  volts  the  curves  for  the  37.5-cm 
and  50-cm  spheres  have  been  derived  from 
the  25-cm  sphere  curve. 


*Sfe  Proceedings  A.  I.  E.  E..  Feb..  1913. 


p.  301. 


456 


THE  ELECTRIC  JOURNAL 


the  diameter  of  the  spheres. f  The  advantage  of  the  sphere  gap 
over  other  gaps  depends  upon  this  absence  of  corona.  In  order, 
therefore,  to  measure  high  voltages,  large  spheres  must  be  used 
to  keep  the  separation  less  than  their  diameter,  spheres  of  25  cm., 
37.5  cm.,  and  50  cm.  diameter  being  used  for  ranges  of  voltages 
(effective  values)  from  50000  to  275000,  412500  and  550000 
volts  respectively.  Other  sizes  have  ranges  in  proportion.  These 
values  are  for  the  case  when  one  end  is  grounded.  A  lower  limit 
is  placed  upon  the  ranges  for  these  sizes  because  the  distance  of 
separation  for  voltages  below  50  000  are  so  small,  and  the  air  is 
so  highly  stressed  that  any  slight  defect  in  the  surface  of  the 
sphere,  or  a  particle  of  dirt  on  the  surface,  will  cause  a  variation 
in  the  breakdown  voltage.  For  the  ranges  cited  these  gaps  give 
excellent   satisfaction.     The  breakdown  voltage  is  not  affected  by 

humidity,  but  does  vary  inversely 
with  the  absolute  temperature  and 
directly  as  the  barometric  pressure. 
Since  consistent  results  can  be  ob- 
tained with  the  sphere  gap  a  careful 
calibration:!:  is  possible.  The  results 
for  the  25  cm.,  37.5  cm.  and  50  cm. 
spheres,  which  are  the  sizes  ordinari- 
ly used,  are  given  in  Fig.  i. 

Besides  its  consistency  the 
sphere  gap  has  a  great  advantage 
over  the  needle  gap  due  to  its  me- 
chanical construction.  Fig  2  shows 
a  50  cm  gap  and  Fig.  3  gives  the 
dimensions  of  all  three  sizes.  Be- 
ing constructed  vertically  they  use 
very  little  floor   space  as   compared 

FIG.   2 — -50  CM.   SPHERE  GAP  ..  .       .  .         .  ^    .  .. 

with  equivalent  horizontal  needle 
point  gaps.  The  top  sphere  is  stationary  but  sHghtly  adjustable  in 
height  so  as  to  just  make  contact  with  the  lower  sphere  when  it  is  set 
for  zero  separation.  The  lower  sphere  is  mounted  on  a  piece  of  tub- 
ing which  carries  a  threaded  bushing  on  its  lower  end.  This  bushing 
works  on  a  carefully  threaded  rod  having  a  pitch  of  two  per  centi- 


tMathema'tical  proof  as  to  why  there  is  no  initial  corona  hcfore  break- 
down in  this  case  is  given  by  Mr.  zA.lex.  Russell  in  the  Philosophical  Maga- 
zine and  Journal  of  Science,  Vol.  II.,  Sixth  Series,  p.  237. 

^Messrs.  Chubb  and  Fortescue  calibrated  the  sphere  gap  by  a  very 
unique  method.     See  Proceedings  of  the  A.  I.  E.  E.,  for  Feb.,  1913,  p.  629. 
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meter.  The  bushing  being  graduated  to  fiftieths  on  its  circumfer- 
ence, separation  may  be  measured  to  tlie  nearest  i/ioo  cm.  (Hrectly, 
thus  providing  a  micrometer  adjustment.  Being  made  of  large 
parts  the  whole  arrangement  is  mechanically  strong  and  the  spheres 
are  kept  in  constant  alignment.  W'licn  mounted  on  large  wheels 
the  spark  gap  sets  are  easily  portable. 

All  of  the  framework  is  made  of  wood  which  has  been  care- 
fully dried  and  impregnated  with  linseed  oil.  This  treatment 
renders  the  wood  impervious  to  moisture  and  thus  maintains  the 
high  insulation  necessary  between  spheres.  The  construction  of  the 
spheres  themselves  is  of  interest.  The  first  ones  were  made  from 
two  hemi-spherical  brass  castings  sweated  together  and  machined. 
The  latest  and  most  satisfactory  spheres  have  been  made  from  two 
pressed  hemispheres,  either  brass  or  copper.    A  shank  is  attached  to 


•  1.)  CM. 
23 CM.    OIA. 
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FIG.  3 — DIMKNSIONS  OF  25.  37.5  AND  50  CM.  SPHERE  GAPS 


one  of  these  by  bolts  from  the  inside,  the  two  halves  fitted  together 
and  the  sphere  so  formed  is  accurately  turned  on  a  milling  machine. 
Brass  spheres,  after  three  years  of  continuous  service,  show  no 
<leterioration  of  their  surface  duo  to  arcing.  The  current  which 
flows  on  break  down  of.  the  gaj)  is  limited  bv  resistance  in  series 
with  the  gap.  .Vbout  one  ohm  per  volt  has  been  found  to  be  a 
gfKid  value.  Eliminating  the  necessity  for  renewing  terminals  and 
adjusting  for  zero  setting  after  each  breakdown  tneans  a  great 
saving  in  time  when  many  tests  are  to  be  made. 

The  use  of  the  sphere  gap  will  permit  the  direct  comparison 
of  results  obtained  by  different  experimenters  on  high  voltage  work 
in  different  parts  of  the  country,  and  may  prove  that  their  results 
are  really  in  agreement  instead  of  at  variance  as  has  so  often 
seemed  the  case  in  the  past. 


DRYING  OUT  THE  DAYTON  LIGHTING  PLANTS 

GEORGE  W.  CHRISTIANS,  E.  E. 

I'Mr.  Christians,  who  is  foreman  of  the  general  testing  department  of  The 
New  York  Edison  Company,  was  sent  to  Dayton,  Ohio,  at  the  time  of  the 
recent  flood  to  assist  in  putting  the  plants  in  shape  to  resume  operation.  He 
furnishes  herein  some  interesting"  comments  on  the  situation,  as  he  found 
it  in  the  Dayton  Lighting  Company's  plants,  which  should  he  of  value  to 
other  engineers  who  have  similar  problems  to  meet. —  (Ed.) 

IT  may  seem  rather  odd  to  wash  down  the  windings  of  a  high 
vohage  generator  with  a  hose.  Yet  this  was  done  with  very 
good  effect  in  the  hghting  plants  of  flooded  Da)^ton.  The  re- 
ceding waters,  in  addition  to  having  thoroughly  soaked  all  insula- 
tion, left  behind  a  heavy  layer  of  thick  slimy  mud.  The  most  obvi- 
ous and  actually  the  most  effective  way  to  remove  this  mud  was 
with  a  hose,  and  since  the  insulation  could  hardly  get  any  wetter  no 
harm  was  done  by  the  water.  The  extent  to  which  this  mud 
clogged  things  up  and  the  diflicult  places  to  which  it  gained  en- 
trance, are  almost  inconceivable. 

An  idea  of  the  amount  of  material  held  in  suspension  by  the 
water  can  be  gained  from  the  fact  that  a  number  of  meter  and  Tir- 
rel  regulator  cases  on  the  switchboard  at  the  Third  Street  plant,  on 
which  the  high  water  mark  could  be  seen  about  six  inches  from  the 
bottom  contained  about  a  half  an  inch  of  mud.  Still  there  were  ex- 
ceptions. When  the  end  bells  were  removed  from  the  windings  of 
a  6  ooo  kilowatt.  2  200  volt,  horizontal  Westinghouse  turbo-genera- 
tor, the  surfaces  appeared  dry  and  the  parts  of  the  windings  im- 
mersed were  -still  covered  with  the  dust  collected  in  ordinary  opera- 
tion, and  appeared  exactly  like  the  parts  which  were  untouched  by 
the  water.  Yet  this  machine  was  under  water  nearly  to  the  center 
of  the  shaft,  and  tests  showed  the  insulation  to  be  saturated.  The 
probable  cause  for  this  absence  of  mud  is  the  fact  that  the  water 
in  order  to  reach  the  winding  had  to  come  up  through  the  basement 
which  formed  a  depository  chamber  for  the  material  in  suspension, 
leaving  the  water  clear  when  it  reached  the  generator. 

The  water  rose  in  the  Third  Street  plant  about  four  feet  above 
the  engine  room  floor,  so  that  the  horizontal  turbo-generators  were 
wet  to  about  the  center  of  the  shafts  and  were  unbalanced ;  making 
it  necessary  to  dry  out  the  water  not  only  for  insulation  purposes, 
but  to  restore  their  balance.  In  the  case  of  a  100  kilowatt,  2  400 
r.p.m.  turbo-exciter,  the  drying  out  had  to  be  continued  a  consider- 
able time  after  the  machine  was  electrically  fit  for  service  in  order 
to  reduce  vibration. 
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Another  dirficulty  encountered  in  the  Third  Street  phnit  was  in 
getting  steam.  The  draft  flue  from  the  hoilers  to  the  stack  passes 
under  the  boiler  room  floor  and.  of  course,  was  full  of  water.  There 
were  numerous  leaks  into  this  flue  from  the  other  parts  of  the  base- 
ment, so  that  the  entire  building  had  to  be  pumped  dry  before  steam 
to  run  the  plant  could  be  generated.  The  steam  for  these  pumps 
was  obtained  from  one  boiler  by  cutting  open  the  draft  duct  at  the 
top  and  allowing  the  flue  gases  to  escaj)e  through  the  roof. 

At  the  I-'ourth  Street  plant,  it  was  found  necessary  to  dry  the 
brush  arc  machines  in  an  oven.  Tlie  armatures  contained  much 
moisture  which  could  not  be  reached  by  electrical  heating  of  the 
windings,  but  which  readily  evaporated  when  evenly  heated.  Dif- 
ficulty was  also  experienced  in  drying  the  field  spools  of  these  ma- 
chines electrically.  The  dift'erence  of  potential  between  the  long 
layers  of  the  cotton  covered  windings,  when  enough  current  to  heat 


FIG.    I — IXTKRIOk   OF   FOURTH    STRF.K.T    SIATION    DURING   CLEANING    UP   PERIOD 

High  water  mark  indicated  l)y  dotted  line. 

them  was  being  i)assed.  was  sufticient  to  set  up  electrolysis  between 
the  layers,  with  a  formation  of  copper  salts,  and  eventually  short- 
circuit  them.  These  had  to  be  stripped  of  their  outer  insulation 
and  partially  dried  in  the  oven,  then  after  a  tlnal  heating  electrical- 
ly, and  re-insulating,  they  were  as  good  as  new. 

The  work  of  restoring  the  underground  and  street  lighting 
systems  was  hampered  considerably  by  natural  gas  in  manholes  and 
cable  ducts.  The  bases  of  the  ornamental  lamp  posts  were  often 
found  charged  with  an  explosive  mixture  which  w«>ul<l  be  igm'ted 
when  the  switch  was  opened.  ( Ireat  numbers  of  these  ornamental 
jxtsts  were  broken  ofl"  .md  >Mnic  even  upro  >ted.  An  oxyacetylene 
blow  torch  was  used  to  weld  together  the  broken  <»ncs  with  very 
g'Hul  results,  .\fter  a  coat  of  paint  had  been  applied  no  ono  wi'uld 
know  the  post  had  been  damaged. 


SHOP  TESTING  OF    ELECTRICAL  APPARATUS— V 

DIRECT-CURRENT  MACHINES— SHUNT  AND 
COMPOUND  GENERATORS 

IN  order  to  give  a  practical  illustration  of  the  methods  and  pro- 
cesses commonly  used  in  testing  direct-current  generators,  the 
following  actual  data  from  an  engineering  test  of  a  2  000  kilo- 
watt, 575  volt,  300  r.p.m.,  commutating-pole,  compound-wound 
generator  are  given  along  with  instructions  for  making  such  tests. 

DETERMINATION    OF    RESISTANCE    AND    COPPER    LOSS 

The  resistances  of  the  commutating  pole  and  series  fields,  and 
of  the  armature  are  determined  l)y  the  Kelvin  bridge  method,  while 
the  shunt  field  resistance  is  measured  with  the  Wheatstone  bridge. 
The  values  obtained  must  be  corrected  to  the  standard  temperature 
of  25  degrees  C.  by  multiplying  the  readings  by  the  proper  tem- 
perature coefficient.*  In  this  particular  case,  the  temperature  of 
the  machine  was  16  degrees  C,  for  which  value  the  correction  co- 
efficient is  1.0355.  The  armature  resistance  is  generally  taken  be- 
tween two  sets  of  adjacent  brush-arms,  on  opposite  sides  of  the 
armature,  and  the  average  of  the  two  readings  is  taken  as  the 
armature  resistance.  Experience  has  shown  that  the  average  of 
two  readings  taken  in  this  way  is  close  to  the  average  between  ad- 
jacent brush-arms  all  the  way  around  the  armature,  and  the  sav- 
ing in  time,  especially  where  there  is  a  large  number  of  brush- 
arms,  is  considerable.  Having  obtained  the  standard  temperature 
resistances  of  armature  and  field,  the  copper  losses  can  now  be 
calculated. 

TABLE  I— COPPER  LOSS— DATA  FROM  TEST. 

Resistance  at  16  degrees       C.  Corrected  to 

Armature  25  degrees  C 

Right,  0.001335  ohms 

Left,  0.001344  ohms 

Average,  0.001339  ohms 0.001387  dhms 

Interpole   Field,  0.000717  ohms 0.0007424  ohms 

Series  Field,         0.000421  ohms 0.0004350  ohms 

Shunt  Field,  11.08  ohms ii-47  ohms 

CORE    LOSS    AND    SATURATION 

The  core  loss  and  saturation  may  be  obtained  either  by  the 
use  of  a  separate  driving  motor,  or  by  running  the  machine  with- 
out load  as  a  shunt  motor.     The  values  obtained  l)y  these  methods 

*As  given  in  the  table  in  the  February,  1913,  issue  of  the  Journal,  p.  154. 
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are  given  in  Tables  II  and  III.     Wherever  possible,  however,  the 

use  of  a  separate  motor  is  to  be  preferred,  as  more  reliable  results 

can  be  obtained  than  where  the  machine  itself  is  run  as  a  nfotor. 

Use  of  Separate  Driving  Motor — For  a  successful  core  loss 

test  by  this  method  all  readings  should  l)e  taken  at  constant  speed, 

TABLE  II— CORE  LOSS  TEST. 

Use  of  Separate  Driving  Motor. 

Data  from  Test 


. u 

Ki  vi: 

*o    HJIU 

Field 

—    VJC.MiKAl 

UK « 

Field 

Vulls 

A 

mpercs      Amperes 

R.P.iM. 

Volts 

Amperes 

(1)  500 

153 

5.0 

302 

10 

0 

(2)  500 

156 

5.0 

300 

100 

2.35 

(,i)  500 

162 

5.0 

300 

200 

4.92 

(4)  500 

171 

5.0 

300 

300 

7.62 

(5)  500 

183 

5.0 

300 

400 

11.13 

(6)  500 

202 

5.0 

300 

500 

16.5 

(7)  500 

209 

5.0 

301 

525 

18.5 

(8)  500 

153 

5.0 

302 

10 

0 

(9)  500 

229 

5.0 

300 

575 

24.2 

(lOj  500 

257 

5.0 

301 

625 

31.5 

(U)  soo 

297 

5.0 

300 

676 

43. 

»ll2)  500 

442 

4.95 

299 

725 

59. 

(13)  500 

153 

5.0 

302 

10 

0 

(14)  500 

143 

5.0 

302  brushes  up 

0 

(15)  500 

199 

5.0 

300 

1  (                 It 

18.5 

(16)  500 

22 

5.0 

Belt  off 

*Rcacling  (12)  taken  with  generator  self  excited. 

Calculated  and  Curve 

Data  from  Above 

iNCKliASli 

Kilowatts 

Field 

Armature 

IN  M 

OTOR 

Core  Loss 

Amperes 

Volts 

Amp. 

(2-n 

3 

times 

500  V. 

= 

1.5 

2 .  35 

100 

(3-1) 

9 

times 

500  V. 

= 

4.5 

4.92 

200 

(4-1) 

18  times 

500  V. 

= 

<). 

7.62 

300 

(5-1) 

30 

times 

500  V. 

= 

15. 

11.13 

400 

(6-1) 

49 

times 

500  V. 

= 

24.5 

16.5 

500 

(7-1) 

56 

limes 

500  V. 

= 

28. 

18.5 

525 

(9-1) 

76 

times 

500  V. 

= 

38. 

24.2 

575 

(10-1) 

104 

times 

.SOO  V. 

= 

52. 

31.5 

625 

(11-1) 

144 

times 

500  V. 

= 

72. 

43. 

676 

(12-1) 

289  times 

500  V.-42775 

= 

101.7 

59. 

725 

Decrease 
IN  Motor 
Amp. 
(1—14)     10  times  500  V.  =5.     kw.  brush  friction 
(1—15)     10  times  500  V.  =5.     kw.  brush  friction 
(14—16)   121  timis  500  V.  =60.5  kw.   friction  and  windage  of  outfit 

Since  the  power  input  to  drive  tlie  machine  when  it  is  cither  accel- 
erating or  decelerating  is  not  the  same  as  uluii  the  speed  is  c<iii- 
stant. 


After   the    test    data    readings    have    been    corrected    to    their 
pri>per  value,  find  the  dift'erence  between  the  driving  motor  arm- 


462  THE  ELECTRIC  JOURNAL. 

attire  current  without  field  on  the  generator  and  with  the  various 
field  excitations.  These  values,  shown  in  the  column  marked  "In- 
crease in  Motor  Amperes,"  multiplied  by  the  impressed  voltage  on 
the  driving  motor  armature  will  give  the  watts  core  loss  at  the 
various  voltages,  as  shown  in  the  column  marked  "Kilowatts  Core 
Loss."  Reading  12  is  taken  with  the  machine  supplying  its  own 
field  current;   therefore,   the  increase   in   the   driving  motor   input 

TABLE  III— CORE  LOSS  TEST 
Machine  Operated  as  a  Shunt  Motor. 

Data  from  Test 

Field 
Volts  Amperes  Amperes  R.P.M. 


250 

288 

6.3 

302 

300 

248 

7.6 

300 

400 

201 

11.1 

301 

500 

180 

16.5 

299 

525 

178 

18.5 

300 

575 

180 

.24.3 

301 

625 

188 

31.5 

299 

675 

203 

43. 

302 

All  brushes  up  except 

10;  5  on  2 

arms.     196  brushiss  total. 

OLTS 

Amperes 

Field  Amperes 

R.P.M 

500 

170. 

5 

16.5 

300 

Calculated  and  Curve  Data  from  Above  Test 

Volts 

K\v.  Input 

Field  Amperes 

250 

72. 

6.3 

300 

74.4 

7.6 

400 

80.4 

11.1 

500 

90. 

16.5 

525 

93.5 

18.5 

575 

103.5 

24.3 

625 

117.5 

31.5 

675 

137.7 

43. 

Brushes  up 

500 

85.25 

16.5 

for  this  excitation  will  include  the  total  watts  used  for  field  excita- 
tion;  i.e.,  the  terminal  voltage  (725)  multiplied  by  the  field  am- 
peres (59).  Readings  with  self-excitation  should  only  be  taken 
when  it  is  impossible  to  carry  the  excitation  high  enough  with  a 
separate  supply. 

The  brush  friction  loss  is  calculated  from  the  difference  be- 
tween driving  motor  amperes  with  the  brushes  up  and  down.  The 
difference  between  the  driving  motor  input  with  brushes  up  and 
with  brushes  down  with  normal  field  excitation  on  the  generator 
should  check  with  the  dift'erence  ol)tained  when  there  is  no  field 
on  the  machine.     If  it  does  not  check,  the  presence  of  circulating 
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currents   in   the   armature,   caused  by   the   brushes   short-circuiting 
the  bars,  is  indicated. 

The  frictitm  and  windage  loss  is  obtained  from  the  difference 
between  tiie  dri\ing  motor  amperes  with  the  Inrushes  of  the  ma- 
chine luider  test  lifted  and  the  reading  on  the  motor  with  thel^elt  off. 
The  method   outlined   above  is  sufliciently   accurate   for  com- 
mercial testing.     When  it  is  necessary  to  obtain  the  true  core  loss 

without  the  load  losses 
of  the  driving  motor, 
calculate  the  I'-R  loss 
on  the  driving  motor 
armature  from  its  (re- 
sistance, and  the  arma- 
ture current  taken  at 
the  various  field  excita- 
tions of  the  generator. 
The  differences  be- 
tween the  PR  of  the 
armature,  with  no  field 
on  the  generator,  and 
the  PR  at  the  various 
field  excitations  are  to 
be  subtracted  from  the 
core  loss,  as  calculated 
above,  at  their  respec- 
tive excitations.  The 
core  loss  curve  is  plot- 
ted with  watts  as  ab- 
scissae and  volts  as  or- 
dinates,  as  in  I'ig.  i. 
Machine  O  Iterated 
as  a  Sliiott  Motor—  In  this  test  constant  speed  is  of  great  import- 
ance, as  erroneous  readings  are  indicated  if  the  motor  is  accelera- 
ting or  decelerating.  This  means  in  turn  that  a  source  of  constant 
e.m.f..  free  from  fiuctuations.  is  essential.  The  total  l)rush  fric- 
tion is  determined   from  the  formula: — 

Total  brush  friction  = 
Watt-^  brusli  friction  (^ obtained  from  te^^t  <  v  total  \'o.  of  bni'^hc-; 

T<\ta1  number  of  ])rusiies  raised 

(yo  —  85.25)    X    !</>  .,  ., 

— — — — -      ^,  =   T  kilowatts 

186 


[Kilowatts  Core  Lo&! 

0          10        20         30        40        5 
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With  machine  driven  liy  a  separate  motor. 
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After  the  readings  as  shown  in  Table  III  have  1)een  taken  and  cor- 
rected, the  watts  armature  input  may  be  determined  from  the  arm- 
ature volts  and  amperes.  This  input  will  include  core  loss,  fric- 
tion and  windage,  brush  friction  and  a  small  T'R  loss  in  the  arm- 
ature. Since  the  friction  and  windage,  and  brush  friction  are  ap- 
proximately constant,  the  only  variable  is  the  core  loss  and  by 
plotting  the  input  of  the  armature  the  core  loss  can  very  easily  be 
determined.  This  curve  will  show  the  friction  and  windage  and 
the  brush  friction  where  the  curve  extended  meets  the  base  line; 

since  the  brush  friction  is 
known,  the  friction  and  wind- 
age  can   be   separated. 


SATURATION    TEST 

No  Load — The  saturation 
at  no-load  is  obtained  from  the 
readings  taken  during  the  core 
loss  test.  The  brushes  should 
be  set  on  the  no-load  neutral  po- 
sition, and  the  machine  should 
run  at  rated  speed.  In  plotting 
the  saturation  curve,  field  am- 
peres should  be  taken  as  ab- 
scissae, and  volts  as  ordinates, 
as  in  Fig.  2. 

Full  Load — For  full  load 
saturation,  the  machine  should 
be  run  at  rated  speed  with  the 
same  connections  as  in  the  no- 


FIG.  2 — NO-LOAD   SATURATION   AND  LOSS 

cuRV?:s 
Obtained  by  Sbunt  Motor  Method. 


load  saturation  test,  with  the  brushes  in  the  full-load  neutral  posi- 
tion. The  series  field  should  be  left  out  of  the  circuit,  and  the  com- 
mutating  field  in  the  circuit,  with  its  proper  shunt,  if  one  is  re- 
quired. Starting  at  a  value  somewhat  less  than  one-half  normal 
voltage  with  the  load  adjusted  to  give  full-load  current,  the  voltage 
should  be  increased  by  suitable  increments  to  20  percent  over  nor- 
mal, holding  the  armature  current  and  speed  constant.  It  may  be 
necessary  to  excite  the  shunt  field  separately  to  obtain  the  higher 
voltage  points.  Readings,  as  indicated  in  Table  IV,  of  terminal 
volts,  armature  current,  field  current  and  speed  are  to  be  taken  for 
each    point,    and    the    commutation    noted.     The  curve  should  be 
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plotted  with  field  amperes  as  abscissae  and  volts  as  ordinates,  and 
the  same  curve  sheet  used  as  for  the  no-load  saturation. 

KKTARDATION    METHOD    OF    DETERMINING    CORE    LOSS 

Cases  sometimes  arise  where  it  is  inconvenient  or  impossible 
to  apply  either  of  the  methods  given  above  to  the  determination 
of  core  loss.  In  such  cases,  the  kinetic  energy  of  the  machine  it- 
self may  be  used  to  measure  the  losses.  This  method,  called 
the  "retardation  method."  finds  its  best  a])plication  with  large 
machines  in  which  the  fly-wheel  effect  is  considerable,  such  as 
turbo-generators  and  vertical  water-wheel  machines,  where  it  is 
difficult  to  obtain  a  separate  driving  motor.     There    are    several 

TABLE  IV— FULL-LOAD  SATURATION  TEST. 

Data  from  Test 


Terminal 

Field 

Volts 

AmI'ERES 

Amperes 

R.P.M. 

200 

3480 

6.4 

299 

300 

3480 

10.0 

298 

400 

3480 

14.5 

300 

500 

3480 

20.3 

301 

525 

3480 

22.5 

300 

550 

3480 

25.3 

300 

575 

3480 

28.5 

298 

600 

3480 

32.0 

301 

625 

3480 

37.5 

299 

650 

3480 

43.0 

300 

675 

3480 

50.6 

300 

ways  in  which  this  method  may  be  applied,  most  of  which  are 
more  or  less  complicated,  and  this  test  is  not  generally  to  be  rec- 
ommended.* 

VOLTAGE    REGULATION 

In  order  to  compensate  for  line  drop,  which  increases  with  the 
load,  most  direct-current  generators  are  designed  to  give  a  slightly 
higher  voltage  at  full  load  than  at  no  load.  .*^uch  machines  are 
said  to  be  over  compoundeil,  and  the  amount  of  variation  in  volt- 
age from  no  load  to  full  load  is  known  as  the  "compounding"  of 
the  generator.  The  regulation,  as  defined  by  the  standardization 
rules  of  the  .\merican  Institute  of  Electrical  Engineers  is  the  ratio 
of  the  maxinunn  ditTerence  in  voltage  from  a  straight  line  connect- 
ing the  no  load  and  rated  load  values  of  terminal  voltage,  a?  a 
function  of  the  load  current,  to  the  rated  load  terminal  voltage. 
The  regulation  is  determined  from  the  curve  of  comixjunding, 
which  is,  on  this  account,  frequently  spoken  of  as  the  regulation 


*For  a  complete  description  of  the  Retardation  Method  sec  KarapctoflF, 
"Experimental    Electrical    Engineering",  Vol.  I,  pp.  314-J-O 
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curve.  The  compounding  of  a  machine  is  subject  to  control ;  the 
regulation  is  not.  In  general  the  voltage  regulation  of  direct-cur- 
rent generators  is  determined  as  follows  : — 

All  engine-type  generators  are  assumed  to  have  two  percent 
speed  variation  from  full  load  to  no  load ;  that  is,  the  machine 
must  operate  at  rated  speed  at  full  load,  and  the  no-load  speed 
must  be  two  percent  above  the  full-load  speed,  speeds  at  other 
loads  being  in  proportion.  This  assumption  is  based  on  the  fact 
that  the  speed  of  steam  engines  cannot  usually  be  held  constant 
within  closer  limits  than  two  percent.  Belted  and  water-wheel 
generators  have  constant  speed  regulation,  and  all  regulation  test.^ 
should  be  taken  at  rated  speed  over  all  ranges  of  load.  When 
generators  are  part  of  motor-generator  sets,  the  regulation  should 

be  taken  as  an  outfit  and 
with  motor  running  un- 
der normal  conditions. 
In  commutating-pole  ma- 
chines, before  proceed- 
ing with  the  regulation, 
the  current  in  the  com- 
mutating-pole windings 
nmst  be  so  adjusted  that 
the  proper  compensation 
will  exist.  In  most  cases 
,„  no  adjustment  will  be 
~*    necessary.       ( )n     account 

FIG.  3 — CONNECTION   DIAGRAM   OF  DIRECT-CURRENT     of    tllC    cfifccts    of    rCSidual 
GENERATOR    WITH    RESISTANCE    LOAD  ,• 

magnetism, 


Resistance  Load 


the 


regula- 
tion test  must  always  be  made  with  increasing  load,  as  in  the  case 
of  the  saturation  curve,  unless  otherwise  specified.  It  is  usually 
taken  during  the  continuous  temperature  test.  Connect  the  ma- 
chine tOi  the  required  load  as  in  Fig.  3. 

S hunt-Wound  Generators — In  the  case  of  shunt-wound  ma- 
chines, a  different  method  of  defining  regulation  must  be  adopted 
from  that  used  for  machines  provided  with  a  series  winding. 
The  voltage  of  shunt  machines  is  greater  at  no-load  than  at  full- 
load,  and  the  regulation  is  the  amount  of  increase  of  voltage  from 
full-load  to  no-load,  when  the  machine  gives  normal  voltage  at  full- 
load.  For  practical  purposes,  however,  it  is  customary  to  take  a 
field-current  regulation.  This  is  done  by  holding  the  terminal 
voltage  constant,  and  noting  the  amount  of  variation  in  field-cur- 
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rent   from  no-l^rul  ti>  full-load.     The  ])r()cc'(lui"e  is  as  follows: — 

Ihc  brushes  are  first  set  in  the  correct  running  position,  after 
which  the  machine  is  started  and  run  at  normal  load  for  an  hour 
or  so  until  the  w  indings  warm  u]).  Then  the  load  is  taken  off.  the 
voltage  and  speed  adjusted  to  their  proper  values,  and  d. 
complete  reading  of  terminal  volts,  field  amperes  and  speed 
taken,  the  commutation  being  carefully  noted.  ( )ne  c|uarter  load 
should  then  be  ])ut  on  the  machine,  the  voltage  and  sj^eed  again 
adjusted,  and  another  set  of  readings  taken.  'Jhis  process  should 
be  repeated  at   eacli   c|uarter  load  up  to  one  and  one-fourth  load. 

Co)npou)id-\\' oMHil  (j'ciicrators — A  compound-wound  machine 
should  operate  from  no  load  to  full  load  at  the  required  voltage 
without  requiring  adjustment  of  the  shunt  field.  The  general  shape 
of  the  voltage  regulation  cur\-e  can  be  controlled  to  a  great  extent 
on  a  non-conimutating-i)ole  compound  generator  by  the  position 
of  the  brushes;  the  closer  the  brushes  are  set  to  the  no-load 
neutral  the  greater  will  be  the  maximum  v(.ltage  variation,  and  the 
farther  forward  the  brushes  are  moved,  the  nearer  flat  tho  regula- 
tion cur\e  becomes  and  the  greater  the  field  current  required.  Con- 
sequently, on  account  of  the  better  ])erformance,  the  brushes  should 
be  a>  near  full-load  neutral  as  the  commutation  at  no  load  will 
permit. 

'i'he  adjustnient  of  the  current  in  the  series  field  for  the  re- 
quired com])ounding  must  be  made  when  the  field  is  hot,  on  account 
of  .the  difi'erence  between  the  temi)erature  coefiicient  of  copi)er 
and  ( ierman  silver  or  iron  shunts.  The  shunt  field  resistance  must 
remain  constant  during  this  test. 

The  machine  is  first  started  up  and  allowed  to  run  under  load 
to  warm  up  the  windings.  (  )n  non-commutating-pole  machines 
the  brushe-^  >hould  be  adjusted  to  the  proper  running  ])osition  dur- 
ing this  heating  rim.  .\ftcr  the  machine  has  warmed  uj),  the  field 
is  opened  and  the  load  taken  olf.  In  o])ening  the  field  circuit  a 
knife  switch  should  be  u.sed,  and  opened  slowly,  drawing  an  arc 
over  the  break  in  order  to  prevent  too  sudden  interruption  of  the 
current.  ;is  this  might  induce  a  destructive  xoltage  in  the 
aruiaiure  windings.  To  take  the  no-load  point  on  the  regula- 
tion curve  the  field  circuit  is  closed  and  the  terminal  voltage  and 
speed  ;ue  adjusted  to  their  normal  values.  C"i>mplete  readmgs  ot 
terminal  volt'^.  lield  amperes  and  speed  are  then  t.ikeii.  the  com- 
mutation being  noted.     I'ull  load  is  now  put  on  the  machine,  and 
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the  speed  adjusted  to  its  full-load  value.  The  voltage  must 
be  carefully  noted;  if  it  is  not  more  than  one  percent  from 
normal,  and  the  machine  has  no  commutating  poles,  the 
correct  value  may  be  obtained  by  shifting  the  brushes  to- 
ward no-load  neutral  if  the  voltage  is  to  be  increased,  or  toward 
full-load  neutral  if  it  is  to  be  decreased ;  the  amount  of  shifting 
of  the  brushes  is,  of  course,  limited  by  the  commutation. 

When  the  voltage  is  more  than  one  percent  low  the  fields  are 
not  strong  enough.  When  the  voltage  is  more  than  one  percent 
high,  a  piece  of  German  silver  strap  is  adjusted  across  the  series 
field  to  give  the  correct  full-load  voltage. 

Regulation — Readings  for  this  test  should  be  taken  as  follows : — 

TABLE  V— DATA  FOR  REGULATION  CURVE  OF  COMPOUND 

MACHINE. 

Ter[ 
Volts 


Terminal 

Field 

Amperes 

Amperes 

R.P.A 

0 

i8.4 

300 

870 

19.3 

300 

1740 

19.9 

300 

2610 

20.3 

299 

3480 

20.3 

299 

4350 

20.2 

299 

525 
550 
565 

575 
575 
573 

Amperes  shunted  from  series  field,  1 150  at  full  load. 
Series  drop  at  full  load  1.11  volts. 
Shunt,  commutating  field,  none  required. 
Shunt,  series  field,  13  grids  in  multiple. 
Series  shunt  resistance  =   .000965  ohms. 

Take  ofif  the  load  and  open  the  field.  If,  on  closing  the  field 
again  the  no-load  voltage  is  not  right,  readjust  the  shunt  field 
rheostat  and  again  go  to  full  load.  If  the  full-load  voltage  is  cor- 
rect, return  to  the  no-load  point,  open  the  field  for  a  moment  and 
if  the  no-load  voltage  is  still  found  to  be  right  when  the  field  cir- 
cuit is  closed  again  take  full  readings  of  field  amperes,  volts  and 
speed.  Then  by  steps  of  quarter  load  take  points  up  to  150  per- 
cent load,  reading  each  time,  line  amperes,  volts,  field  amperes  and 
speed,  as  in  Table  V,  commutation  being  noted  at  the  same  time. 
At  the  full-load  point,  also  read  the  shunted  amperes  in  the  series 
and  commutating  fields,  and  the  volts  drop  across  each.  In  meas- 
uring this  drop,  the  voltmeter  points  should  be  placed  on  the  field 
terminals  and  not  on  any  part  of  the  temporary  connections.  At 
each  point  take  brush  curves,  as  previously  described. 

From  the  above  readings,  curves  of  e.m.f.,  field  current  and 
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speed  should  be  drawn,  these  values  being  plotted  as  ordinates 
against  line  amperes  as  abscissae.  The  current  in  the  series  field 
necessary  to  give  any  re(|uired  regulation  may  readily  be  calculated 
in  the  case  of  commulating-i)ole  machines  from  the  no-load  and 
normal-load  saturation  curves.  For  non-commutating-pole  ma- 
chines, satisfactory  results  are  more  difticult  to  obtain  from  these 
curves  on  account  of  the  shifting  of  the  brushes,  and  the  proper 
series-field  current  may  be  determined  experimentally.  In  the 
case  of  the  2  000  kilowatt  generator  taken  as  example,  the  regula- 
tion required  was  525  volts  no  load,  575  volts  full  load. 

From  the  saturation  cur\es.  Fig.   i,  it  is  evident  that  if  there 

TABLE  \" I— OHMS  RESISTANCE  PER  FOOT  OF  GERMAN  SILVER 

STRAP  AND  WIRE. 


Ohms  Resistance  per  Foot  of  German  Silver 

Strap  and  Wire 

Thick- 

Width 

No. 

ness 

1" 

Wz"          2" 

2H" 

2H" 

3" 

.064 

.00230 

.00153  .00115 

.001022 

.00092 

.000767 

.034 

.00433 

.00288   .00216 

.001925 

.00173 

.001444 

27 

.014 

.01050 

.00700  .00525 

.004670 

. 00420 

.003500 

30 

.010^ 

.01470 

.00980  .00735 

.006540 

.00588 

.004900 

No. 

12  Wire 

.0288 

No.  17  Wire  .0917 

No.  21  Wire  .232 

No. 

16  Wire 

.0728 

No.  18  Wire  .116 

No.  24  Wire  .466 

.064 

72 

108 

144 

162 

180 

.034 

52 

78 

104 

117 

130 

27 

.014 

34 

51 

68 

76 

85 

30 

.010 

30 

44 

50 

57 

74 

Amperes  Carrying  Capacity  of  German  Silver  Strap 
(allowing  2  sq.  in.  radiating  surface  per  watt  loss) 
Thick-  Width 

No.    NESS      1"  VA"         2"  2'i"  IM"  3" 

217 

156 

101 

89 

were  no  series  field  excitation  the  shunt  field  current  would  have 
to  be  increased  from  18.4  to  28.4  amperes  to  give  the  desired  in- 
crease in  voltage,  the  speed  remaining  constant.  In  this  case  there 
are  840  turns  ])er  coil  in  the  shunt  field  and  three  in  the  series. 
Since  the  terminal  voltage  is  increased  from  525  to  ^j'^  volts,  the 

shunt  field  current   is  increased   from   18.4  to   18.4  V    ' '  "^    or  20.2 

5-5 
amperes.   The   difTcrence  between   the  excitation  of   28.4  and   20.2 

amperes   in  the   shunt   field   must   be  made  up  by   the  series   field. 

That  is,  the  current  in  the  series  field  must  be 

(28.4  —  20.2)  X  840 

=  2296  amperes, 

o 
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The  acliial  regulation  showed  2330  amperes,  a  suFhciently 
close  check  for  all  practical  purposes.* 

The  above  example  is  jirobably  the  simplest  that  will  arise,  as 
the  speed  is  constant  and  the  series  drop  negligible.  For  small 
speed  variation  the  voltage  may  be  considered  as  varying  directly 
with  the  speed  and  proper  allowance  may  readily  be  made.  The 
series  drop  is  usually  negligible  except  on  low  voltage  machines 
that  are  working  well  up  on  the  saturation  curve.  It  will  be  found 
in  most  cases  to  be  impracticable  to  calculate  this  regulation  ac- 
curately where  the  ratio  of  the  shunt  to  series  turns  is  more  than 
400  to  I. 

TABLE  VII— CALCULATION  OF  EFFICIENCY  BY  LOSSES. 

Resist.\nce  at  25  Degrees  C.  At  60  Degrees  C. 

Armature  .001387    ohms      .001582  ohms       Total  Brush 

Series  field  .0004359  ohms      .000497  ohms       Area  220}^  square  inches 

Commutating  field  .0007424  ohms      .000846  ohms 

Shunt  on  series  field  .000965    ohms 

Series  field  with  shunt  vrj)     .000328    ohms 

Armature,  series  and  Commutating  fields,  (R)   .002756  ohms 


Line  amperes 
Shunt  field  amperes 
Armature  amperes 

(It) 
(Is) 
(I) 

0 

18.5 
18.5 

900 

19.3 
919.3 

1700 

19.9 
1719.9 

2600 

20.3 
2620.3 

3500 

20.3 
3520.5 

4400 

20.2 
4420.2 

Terminal  volts 
Arm.  Ser.  and    Com- 
mutatmg  Fied  volts 
Brusli  drop 
Total  induced  volts 

(E) 

(e) 
(B) 
(1) 

525 

0 
0 

525 

548 

2.5 
1.21 
551.71 

565 

4.7 
1.39 
5  71. 09 

575 

7.2 
1.6 

583.8 

575 

9.7 
1.8 

586 . 5 

572 

12.2 

2.0 

586.2 

Core  loss 

Arm.  Ser.   and   Com- 
mutating Field  loss 
Shunt  field  loss 
Brush  loss  _ 
Brush  friction 
Friction  and  windage 

(2) 

(4) 
(3) 
(5) 

28.00 

.00 
9.70 

.00 

5.00 

30.25 

32.60 

2.33 

10.  5S 

1.11 

5.00 

30.25 

37.20 

8.15 

11.25 

2.39 

5  00 

30.25 

40.20 

18.90 

11.67 

4.19 

5 .  00 

30.25 

40.80 

34.15 

11.67 

6.34 

5.00 

30.25 

40.80 

53.80 

11.55 

8.84 

5.00 

30.25 

Total  losses 

72.95 

81.77 

94.24 

110.21 

128.21 

150.24 

Kilowatt  output 

0 

493.2 

960 . 5 

1495 

2012 

2517 

Kilowatt  input 

72.95 

574.97 

1054.74 

1605.2 

2140.21 

2667.24, 

Efficiency 

0 

85 . 8 

91.0 

93.2 

94.0 

94.3 

The  calculation  of  the  German  silver  .shunt  necessary  to  take 
care  of  the  excess  current  should  be  based  on  the  readings  of  cur- 
rent and  drop  taken  during  the  regulation  test.  These  should  be 
checked  with  readings  taken  during  temperature  runs,  or  at  other 
times.  In  supplying  the  shunt  to  be  used  on  the  machine  in  service, 
care  must  be  taken  that  it  be  large  enough  to  carry  the  current 
without  overheating. 

Table  \^I  gives  the  resistance  and  carrying  capacity  of  German 
silver  strap. 


*See  also  article  on  "Parallel  Operation  of  Compound  Wound  Genera- 
tors," by  Mr.  C.  I.  Young,  in  the  Journal  for  November,  iqii,  page  974. 
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ki-"ficii-:ncv  lossics 
l'"n»iii  the  rc<;ukili()n,  core  loss,  and  resistance  prcvimisly  taken, 
the  efficiency  is  calculated.  The  losses  should  be  calculated  at  no 
load  and  at  ai)proximatcly  each  quarter  load  uj)  U)  25  percent  over- 
load, as  shown  in  Talkie  \  II.  Where  a  curve  is  to  be  plotted  it  is 
not  necessary  to  take  the  exact  line  amperes  for  each  fracti(jnal 
load ;  use  the  nearest  even  current  \aluc.  When  the  efticiency  is 
required  at  designated  loads  it  is  necessary  to  use  the  correct  cur- 
rent for  these  loads. 

t  ALCL'LATION 

Let  /i  :=  Terminal  volts,  at  load  //,  as  obtained   from  regulation  curve. 
It  =  Terminal   ampere.s. 

/j=:  Shunt  field  amperes,  at  load  //.  as  obtained   from  rcKulalion  curve. 
/:=  Total  armature  amperes  It  +  Is,  if  machine  is  self-excited, 
r  ^  Armature  resistance  hot  or  at  60  degrees  C. 
ri  =:  Series  field  resistance  hot  or  at  60  degrees  C. 
r2  =  Kesistance  of  shunt  on  series  field. 

f  T    X   t* !? 

r.3  =r:  Resistance  of  series  field  with  .-hunt  ^=  ri  +  r2 

r4  :=  Commutating  field  resistance  hot  or  at  60  degrees  C. 
rs  =  Resistance  of  shunt  on  commutating  field. 

r6  :=  Resistance  of  commutating  field  with  shunt  =     ,  1     - 

B*  =  \'olts  brush  drop  = ^  .  ^  v  u    '  \,      —  +1 

'         20  X  total  brush  area 

R  =  . Armature   resistance    (r)+series   field   resistance    (ri,   or    r3)  +  com- 

niutating  field  resistance  (r4.  or  r6). 

The  above  formula  for  A'  must  include  the  running  resistance  of  all 
windings  in  series  with  the  armature. 

Then — 

e^TxR  (Tptal  drop  of  all  series  windings). 

Total    induced    volts— E  +  c  +  B.     (l) 

Core  loss  at  total  induced  voltage  (i)    (l""rom  core  loss  curve).     (2) 

Shunt    field   copper    loss  =: Ex  Is.     (3) 

(This  will  include  the  rheostat  in  the  shunt  field.) 

Copper  loss  of  armature  and  windings  in  series  with  it  =  I2X  R.     (4) 

Hrush    I2R   loss I  x  H.     (5) 

()uti)Ut=E  X  I, 

Input=()utput  +  Total  Losses 

T-o^  .  Output 

Lrnciency  =:  , 

■'       Input 

Total  losses  =(2)  +  (3)  +  (4)  +  (5)  +  I)rush  friction  +  l)earing  friction  and 
windage  if  machine  is  not  direct  connected  to  an   engine.^ 

The   calculations    for   the    machine    used    as    an    exami)Ie    .n\- 

given  in  Table  \'1I. 

*The  above  formula  is  an  emi)irical  one.  obtainetl  from  e.xperience.  The 
value  of  p,  obtained  therefrom  should  I>e  le^s  than  2.  The  brush  (lr.»p  may 
also  In*  taken  from  st;ind;ird  curves  compiled  from  tests  on  the  particular 
type  i>f  l)rush  used,  when  these  are  availal)le. 

+\Vlien  tlie  macliine  tested  is  part  of  a  motor-generator  set.  one-half  of 
the  friction  and  windage  is  usually  charged  to  each  unit.  In  the  case  of 
direct-connected,  engine-<!riven  units,  the  friction  and  windage  losses  cannot 
be  calculated  and  are  charged  to  the   engine. 
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When  a  curve  of  the  above  data  is  desired,  the  kilowatt  input, 
kilowatt  output,  separate  losses  and  efficiency  are  plotted  as  ordi- 
nates  against  line  amperes  as  abscissa. 

Temperature  Tests — Temperature  runs  are  made  to  determine 
the  maximum  temperature  of  the  various  parts  of  a  machine  when 
operating  at  certain  loads  for  definite  periods.  There  are,  in  gen- 
eral, two  main  classes  of  such  tests : — continuous  tests  and  over- 
load tests.  Continuous  temperature  tests  are  taken  at  normal  load^ 
and  they  should  be  continued  for  at  least  one  hour  after  the  ma- 
chine has  reached  an  approximaely  constant  temperature.  Load 
may  be  obtained  in  any  convenient  manner,  but  if  another  machine 
is  used  as  load,  care  should  be  taken  that  its  series  field  is  con- 
nected for  operation  as  a  compound  motor.  The  time  required  for 
reaching  constant  temperature  depends  on  the  type  and  size  of 
machine,  and  will  usually  be  between  six  and  twelve  hours,  en- 
closed machines  taking  the  longer  time.  To  determine  when  the 
machine  has  reached  a  constant  temperature  place  several  ther- 
mometers on  the  field  coils,  packed  as  described  in  the  first  article 
of  this  series.  Readings  of  the  thermometers,  and  also  of  the 
voltage  drop  in  the  shunt  and  series  field,  should  be  taken  at  regu- 
lar intervals.  When  these  readings  have  become  approximately 
constant,  the  test  should  be  continued  for  at  least  an  hour.  This 
should  give  the  maximum  temperature  to  be  obtained  on  the  a:iven 
continuous  load. 

The  specified  overload  temperature  runs  must  be  put  on  the 
machine  when  it  is  at  ultimate  full-load  temperature  unless  special 
instructions  to  the  contrary  are  given.  This  test  is  made  as  fol- 
lows : — 

The  machine  is  run  on  the  specified  full  load,  as  indicated 
above,  until  temperature  becomes  constant ;  then  the  load  is  in- 
creased to  the  required  amount  as  quickly  as  possible,  and  at  the 
end  of  the  specified  time  the  power  supply  circuit  is  opened.  Care 
must  be  taken  that  overload  tests  are  run  for  the  exact  length  of 
time  specified,  for  very  often  a  difference  of  a  few  minutes  in  the 
running  time  may  mean  a  difference  of  several  degrees  in  the  final 
temperatures. 

The  necessary  thermometers  should  be  placed  around  the 
machine  under  test  in  such  positions  that  the  average  tem- 
perature of  the  air  going  into  the  machine  will  be  measured, 
and  the  thermometers  for  the  field  coils  should  be  placed  so  as  to 
determine  the  running  temperature  of  the  coils.     The  machine  is 
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then  started,  and  the  load  adjusted  to  the  value  desired.  A  com- 
plete set  of  readings  of  terminal  volts,  shunt,  commutating  and 
series  field  volts,  line  and  field  amperes,  speed,  commutation  and 
temperature,  is  taken  every  hour  during  continuous  load  tests  and 
every  half  hour  during  overload  tests.  Noise  and  brush  tension 
should  be  noted  at  the  same  time.  After  the  machine  has  been 
running  the  required  length  of  time,  the  power  supply  circuit  is 
opened  and  the  machine  is  allowed  to  come  to  rest  under  load. 
The  following  temperatures  are  then  taken  by  thermometer: — 
Commutator,  armature  iron,  armature  copper,  shunt  field,  series 
field,  commutating-pole  field,  bearings  (if  with  machine)  and  air 
(while  running). 

Take  the  hot  resistance  of  the  following  in  the  order  named: — 

,     c     •       c  1  1     '  With  shunt 
I — benes  field    -,  -vt       ,       . 
t  No  shunt 

^     n  ^  ,.■  1     c  ij     '  With  shunt 

2-Conimutat.ng-pole  field     ^  ^^  ^^^^^^ 

3 — .Armature 
4 — Shunt  field 

The  thermometers  should  be  packed  on  the  various  parts  with 
warm  waste,  as  noted  previously,  and  great  care  must  be  taken  to 
have  the  bulbs  well  protected  from  the  air.  On  the  field  coils  the 
thermometers  should  be  put  between  the  sections  as  well  as  on  ihe 
outside  of  the  coils. 

The  temperature  should  be  taken  on  both  the  inside  and  out- 
side of  the  armature  iron  wherever  possible. 


SWITCHBOARDS  FOR  ALTERNATING-CURRENT 
POWER  STATIONS-V     . 

C.  H.  SANDERSON 
REMOTE  MECHANICALLY  CONTROLLED  SWITCHBOARDS— (Cont.) 

THE  various  possible  arrangements  of  remote  controlled 
switching  equipments  may  be  divided  into  two  classes  as 
influenced  by  the  system  of  connections  employed,  namely 
single  throw  and  double  throw.  Either  of  these  classes  may  be 
arranged  for  wall  mounting  and  may  employ  the  open,  semi-en- 
closed or  entirely  enclosed  structure.  Aside  from  the  inevitable 
circuit  breakers,  bus-bars  and  connections,  any  arrangement  under 
consideration  may  be  influenced  materially  by  the  presence  of  dis- 
connecting switches,  fuses  and  instrument  transformers  in  various 
parts  of  the  circuit.  There  is  usually  much  to  be  gained,  not  only 
in  economy  of  cost  but  also  in  appearance,  simplicity  and  ease  of 
operation,  by  selecting  just  the  right  arrangement  for  the  condi- 
tions obtaining.  As  an  assistance,  therefore,  to  the  proper  selec- 
tion of  apparatus  and  lay-out,  the  accompanying  illustrations  are 
presented.  While  the  usual  arrangements  are  fairly  covered,  it 
is  quite  possible  that  the  best  arrangement  for  a  particular  schedule 
of  apparatus  may  only  be  secured  by  combining  certain  desirable 
features  from  two  or  more  of  the  arrangements  illustrated. 

As  a  further  assistance  in  deciding  upon  the  Ijest  arrange- 
ment, it  may  be  said  that  small  stations  of  2  500  k.v.a.  or  there- 
abouts are  hardly  justified  in  employing  any  other  than  the  open 
arrangement,  unless  local  rules  demand  that  the  apparatus  be  en- 
closed. Even  in  this  case  metal  grill  work  would  be  much  more 
in  keeping  and  much  less  expensive  than  cement  structures. 
When  the  circuit  breakers  employed  are  of  the  type  having  one 
supporting  frame  for  all  poles,  and  it  is  considered  advisable,  be- 
cause of  the  frequent  heavy  overloads  and  short-circuits,  to  en- 
close the  circuit  breakers  in  cells,  the  semi-enclosed  type  is  usually 
chosen.  If,  under  the  same  conditions,  the  current  capacity  is 
large,  or  if  these  circuit  ]:)reakers  are  of  cell  mounting  type,  it  is 
usually  preferable  to  employ  the  completely  enclosed  arrangement. 

There  is  little  choice  betwen  the  horizontal  bus-bar  and  the 
vertical  bus-bar  arrangements  from  an  electrical  viewpoint,  as  per- 
fectly satisfactory  designs  may  be  obtained  from  either.  From  a 
mechanical  viewpoint  the  vertical  bus-bar  requires  greater  height 
and  less  width  but  practically  the  same  amount  of  supporting 
framework   and   the   same  length   of   connections.     It   is  obvious 


SU'ITCJIBOARDS  FOR  POin-R  ST.mOXS         475 

that  with  the  open  mounted  \  crlical  Inis-hars,  the  danger  of  an  are 
starting-  at  some  point  on  one  oi  the  lower  Ijus-ljars  and  short- 
circuiting  the  upper  ones  is  greater  than  with  the  open  mounted 
horizontal'  hus-hars.  An  arc  may  start  at  any  point  where  the 
insulation  to  ground  fails,  where  current  carrying  parts  of  oppo- 
site phase  or  different  voltage  are  too  close  together  due  to  faulty 
erection,  to  accidental  displacement  of  the  members,  by  short-cir- 
cuits at  some  other  part  of  the  system  or  from  something  falling 
against'  or  upon  the  l)us-bars  or  connections.  The  entirely  en- 
closed  structure   is   the  only   real   insurance   against   excessive   in- 


'■"^-    37 — 2200   VOLTS,    TWO-PHASK   BIS    UAR    STRCCTURE,    FOR   KINT,    BUS 

As  illustrated   in  cross  section   in   Fit!:.  3^. 

jury  to  the  e(|ui])ment  in  case  of  arcing  grounds.  In  the  design 
of  the  enclosed  structure,  it  is,  however,  of  great  importance,  es- 
pecially when  the  higher  voltages  (  1 1  CKX),  132CX),  etc.)  common 
to  structural  mounting  are  employed,  that  openings  at  ditlorcnt 
parts  of  the  structure,  which  might  create  a  i>ath  for  drafts,  be 
avoitled.  I'or  the  lower  voltages,  especiallv  j  200  volts  and  below, 
the  copjjcr  connections  are  usually  very  heavy  and  of  large,  usually 
rectangular,  cro.ss-.section.  It  is  dinicult  to  take  such  a  connection 
through  a  wall  without  considerable  e.\pen.>^c  and  IikmI  heating  of 
the  conductor,  except  by  means  of  an  opening  large  enough  to  give 
sufficient  insulation  of  air  around  the  conductor. 
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While  the  enclosed  structure  has  many  advantages  for  in- 
stallations of  medium  voltage  and  current  capacity,  its  use  cannot 
be  justitied  for  440  and  220  volt  installations.  The  danger  from 
arcing  is  here  negligible  and  the  matter  of  thorough  ventilation 
for  bus-bars  and  connections  is  of  prime  importance.  This  may 
be  appreciated  from  the  fact  that  the  heating  on  60  cycle  bus-bars 
of  heavy  capacity  is  approximately  twice  that  on  direct  current. 

When  choosing  an  arrangement  for  a  double-throw  system, 
it  is  highly  recommended,  especially  for  stations  of  medium  or 
large  capacity,  say  3  000  k.v.a.  and  above,  that  the  two  halves  of 
the  equipment  be  widely  separated ;  by  a  fire-proof  wall  if  possible. 
This  arrangement  both  minimizes  the  possibility  of  shut-down  and 

TABLE  I— SCHEDULE  OF  APPARATUS  FOR  STANDARD  PANELS 


Three-|)hase  Generator  Panel,  16  inches  wide. 

Feeder  Panel,  16  inches  wide. 

li;  Ammeter. 

ij  PQlypliase  indicating  wattmeter. 

IJb'ield  jimmeter. 

i  3-way  ammeter  switcli. 

1  Synclironizing  receptacle. 

1  Voltmeter  recep.,  8  pt. 

1  Field  switch. 

1  Rheostat  hand  wheel. 

1  Oil  circuit  breaker,  non-automatic   (single 

throw,  or  double  throw   by   means  of  one 
or  two  circuit  breaJiers  as"  shown  in  Figs. 
ItoSGincl.) 

2  Current  Transformers. 

2  Potential  transformers  with    fuses.       Dis- 
connecting switches  when  shown. 

1  Ammeter. 

1  Three  way  ammeter  switch. 

1  Oil    circuit    breaiver-— automatic       (single 

throw  or  double  throw  by  means  of  one  or 
two  breakers  as  shown  iii  Figs  1  to  'M'>  inct.) 

2  Relays;    single    phase,    overload,    inverse 

time  limit. 

3  Current       transformers.         Disconnecting 

switches  where  shown. 

permits  safe  inspection,  or  work  to  be  done  on  the  idle  equipment. 
When  there  are  a  considerable  number  of  circuits  to  be  con- 
trolled, necessitating  the  use  of  many  circuit  breakers,  it  is  neces- 
sary to  consider  carefully  the  location  of  the  switching  equipment 
in  regard  to  the  switchboard  panels.  The  angle  at  which  the 
mechanism  leaves  the  panel  is  of  no  consequence  except  as  it 
causes  interference  of  the  bell  cranks  and  their  supports  immedi- 
ately connecting  to  the  control  handle.  The  length  of  the  me- 
chanism and  the  consequent  weight,  however,  have  much  to  do 
with  satisfactory  operation.  W^hen  two  or  more  circuit  breakers 
are  controlled  from  one  panel  of  a  large  board  it  may  be  necessary 
even  to  form  the  structure  in  a  double  row,  back  to  back,  some- 
what as  shown  in  Figs.  4  and  5  with  the  bus-bars  in  the  shape 
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of   a  U,    in   order   to   keep   llie   meclianism   more   nearly   at    ri<^lit 
angles  with  the  board,  thus  avoiding  interference  of  the  bell  cranks. 

COSTS 

Table  II  gives  approximate  total  costs,  exclusive  of  installa- 
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PICS.     I     TO    Q — SINGLE    BUS,    WALL     MOUNTING    ARRANGEMENTS 
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FIGS.    19  TO  2"] — SINGLE  BUS,   SEPARATE   MOUNTING  ARRANGEMENTS 
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FIGS.  28  TO  36 — DOUBLE  BUS,  SEPARATE   MOUNTING  ARRANGEMHNTS 
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tion,  of  various  panels  with  complete  remote  control  arrangement 
based  on  the  panel  schedules  and  arrangements  shown  in  Figs,  i 
to  36  inclusive.  The  panels  are  90  inches  high  with  framework 
of  pipe  or  angle  iron,  as  shown  in  the  corresponding  figures.  The 
panel  material  is  black  marine  finished  slate  two  inches  thick,  of 

two  sections.  All  ap- 
;^^:bTssk— j;^ii  paratus  is  of  the  best 
grade.  The  costs  i  n  - 
elude  all  apparatus 
scheduled  in  Table  I, 
and  everything  shown 
in  the  figures  which  is 
'not  a  part  of  the  build- 


ing construction. 


DETAILS 


It  is  of  importance 
to  the  appearance  of 
the  installation,  as  well 
as  to  its  fitness  as  a 
unit  in  the  electrical 
system,  that  all  details 
of  construction,  such  as 
supports  for  bus-bars, 
electrical  connections, 
operating  mechanisms, 
etc.,  be  uniform  in  de- 
sign throughout.  Fig. 
38  illustrates  many  of 
various  fittings  for  both 
pipe  and  nngle  frame, 
and  for  both  open  and 
enclosed  structures,  which  may  be  obtained  in  cjuantities  from  any 
large  supply  house.  In  designing  a  structure  the  arrangement  of 
parts  should  be  made  to  conform,  as  much  as  possible,  to  the  ap- 
plication of  the  standard  fittings  for  the  obvious  reason  that  the 
first  cost  and  cost  of  spare  parts  will  be  minimized,  and  that  ad- 
vantage is  thus  taken  of  the  experience  of  others  who  have  aided 
in  the  standardizing  of  such  fittings. 
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FIG.  38 — DETAILS  OF  SWITCH  BOARD  CONSTRUC- 
TION FOR  PIPE  AND  ANGLE  FRAME  WORK  AND 
MASONRY    COMPARTMENTS 
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OURo  subscribers  are  invited  to  use  this  department  as  a  means  of 
securing  authentic  information  on  electrical  and  mechanical  subjects. 
The  topics  should  be  of  general  interest  and  care  should  be  used  to  include 
all  data  necessary"  for  an  intelligent  answer. 

A  stamped,  self-addressed  return  envelope  should  accompany"  each 
inquiry",  c^ddress  all  questions  to  Question  Box  Department,  care  THE 
Electric  Journal,  200  Ninth  Street,  Pittsburgh,  Pa. 


895 — Relation  of  Frequency  to 
Eddy  Currents — What  is  the 
expression  fur  a  single  law 
showing  the  effect  of  change  of 
frequency  upon  eddy  current  loss 
in   a   transformer?  h.r.  s.  (p.\.) 

For  any  given  Hux  density  in  the 
core  of  a  transformer,  the  eddy  cur- 
rent losses  will  be  proportional  to 
the  sciuarc  of  the  frequency  and  also 
to  the  square  of  the  thickness  of  the 
laminations.  For  any  given  current 
in  the  winding  of  a  transformer,  the 
eddy  current  losses  will  he  propor- 
tional to  the  square  of  the  frequency. 

V.  K.  A. 

896 — Cause  of  High  Voltage  in 
Current  Transformer — What  is 
the  cause  for  tlie  high  voltage  pro- 
duced in  the  open  secondary  cir- 
cuit of  a  current  transformer? 

H.  R.  S.  (I'A.) 

Wlien  the  secondary  of  a  current 
transformer  is  closed  through  a  me- 
ter, the  ampere-turns  of  tlie  primary 
winding  are  opposed  hy  an  almost 
equal  number  of  ami)ere-turns  in  the 
secondary.  When  the  secondary  is 
oi)en,  all  of  the  primary  ampere-turns 
are  effective  in  magnetizing  tlie  core 
and  the  flu.x  in  the  core  will  rise  to 
the  point  at  which  the  core  becomes 
saturated.  Tliere  are  usually  about 
two  hundred  turns  in  the  secondary 
of  a  current  transformer,  it  is  prob- 
able tiiat  al)out  one  volt  per  turn  will 
be  induced  in  the  secondary  on  oi)en 
circuit,  or  there  will  l)e  about  jcm)  ef- 
fective volts  induced  in  the  second- 
ary on  i>pen  circuit.  Due  to  the  sat- 
uration of  tlie  iron,  this  voltage  will 
have  a  very  higli  peak,  possil)ly  two 
or  three  times  the  effective  value  of 
tile  voltage  and  may  therefore  prove 
daniremus.  v  k.  a. 

897 — Polyphase  Wattmeter  Con- 
nections—  C"n>idering      p<>ruiblc 


polyphase  indicating  wattmeters, 
Nos.  I  and  2.  Fig.  897  (a),  prop- 
erly connected  up,  under  what  cir- 
cumstances would  the  potential 
connections  as  shown  at  No.  2  be 
wrong  on  account  of  the  second- 
aries of  the  potential  transformers 
not  having  a  common  omnection? 

E.  J.  W.  (GEORGIA) 

It     makes     no     difference     whether 
such    common    connection    exists    or 


wv/VnIUaaa/ 


vwv%rK\/vv 


No.l 


FIG.  '^yj 


not,  as  the  pliase  relation  will  be 
exactly  the  same  in  either  case,  pro- 
vided the  connections  are  such  that 
the  polarities  are  correct,  in  other 
words,  the  common  connection  of  the 
potential  coils,  as  shown  at  meter 
Xo.  I,  is  merely  a  convcnience.\vhich 
in  some  cases  effects  a  saving  of 
wire,   but   is   not   at   all  nece-^sary. 

c    R.  R. 

898 — Cable  Construction  Work — 
There  are  six  tri|)le  C')ndnctor 
iron-armored  15000  volt  c:t" '< 
feeding  out  of  a  station  uii 
ground  to  pot-heads  on  a  steel  p'ii 
.several  l>locks  away,  from  which 
three  lines  nm  '»verhea«I  to  sta- 
tion .\  and  three  lines  to  station 
I',.  It  is  desired  to  tap  two  of 
these  caliles  in  a  vault  aUnit  the 
middle  of  the  cable,  and  it  is  per- 
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missible  to  cut  the  power  off  of  one 
line  only  at  a  time  for  testing.  How 
can  the  two  cables  wanted  be 
picked  out  of  the  six? 

R.  M.  G.  (CAL.) 

The  problem  resolves  itself  into 
identifying  each  of  the  cables  in  the 
vault.  This  can  best  be  done  with 
one  cable  at  a  time  disconnected,  by 
the  interrupter  method.  For  this 
test  a  bank  of  lamps,  a  device  for 
making  and  breaking  a  low  voltage 
circuit,  no  or  220  volts,  as  most  con- 
venient, and  a  small  coil  with  tele- 
phone receiver  are  needed.  The  in- 
terrupter may  be  simply  a  switch 
which  can  be  opened  and  closed  at 
frequent  and  regular  intervals  by 
hand,  or  an  automatic  make  and 
break,  arranged  on  the  shaft  of  a 
slow  speed  motor,  or  a  fan  run  at  re- 
duced voltage.  About  two  breaks  a 
second  sliould  be  made.  For  the 
search  coil  a  core  of  laminated  iron, 


Resistance 


Telephone 
Receiver 


FIG.  898  (a) 

such  as  is  used  in  transformers,  each 
piece  being  about  i  in.  by  18  in., 
should  be  built  up  to  a  height  of 
about  one  inch,  tlius  making  a  core  i 
in.  by  i  in.  by  18  in.  Around  this, 
wind  about  200  turns  of  No.  20  B.  & 
S.  gauge,  cotton  covered  wire,  leav- 
ing about  an  inch  at  each  end  of 
core.  Bring  out  the  ends  of  this 
winding  to  the  telephone  receiver. 

Now,  disconnect  one  high  tension 
cable,  connect  any  available  low  volt- 
age circuit  through  the  lamp  bank 
and  interrupter,  to  one  end  of  the 
cable,  one  side  of  circuit  being  con- 
nected to  a  cable  conductor,  the  other 
side  to  the  iron  armor  of  the  cable. 
At  the  other  end  of  the  cable  con- 
nect the  same  conductor  to  the  iron 
armor,  as  per  Fig.  8g8   (a). 

Adjust  the  lamp  bank  so  that  about 
ten  amperes  will  flow  in  the  circuit, 
set  the  interrupter  going,  and  test 
the  cables  in  the  vault  with  the  search 
coil.  Place  the  search  coil  alongside 
of  each  cable  in  succession.  When 
the  cable  to  which  the  interrupter  is 
attached  is  reached,  the  regular  dis- 
tinct  "click"   of   the    interrupter   cur- 


rent will  be  heard  in  the  telephone  re- 
ceiver. It  is  possible  that  a  faint 
click  may  be  heard  on  the  other  ca- 
bles, but  the  noise  will  be  much  loud- 
er on  the  right  cable,  hence  there 
should  be  no  difficulty  in  picking  it 
out.  As  soon  as  it  is  found,  mark 
for  future  identification,  and  then 
repeat  the  process  until  all  cables 
in  the  vault  are  marked.  e.  c.  s. 

899 — 50    Cycle    Rotary    on    60    Cy- 
cles— Please    inform    me   how    to 
operate   a   4   kilowatt,    50   cycle,   4 
pole,  58  volt  rotary  converter  on  a 
60  cycle  circuit,     (p.  r.  de  y.  (cuba) 
A  50  cycle  rotary  can  be  connected 
to  a  60  cycle  circuit  and  operated  in 
the  usual   way   without  any  changes. 
The  speed  will  be   i  800  r.p.m.   for  a 
four   pole   machine,   instead   of    i  500 
r.p.m.  F.  u.  N. 

goo — Y-Box — Please      explain      the 

wiring  connections  and  operation 
of  a  "Y-Box  Multiplier,"  used 
with  a  single-phase  wattmeter  to 
measure     a     three-phase     balanced 

load.  J.    C.    H.    (ONTARIO) 

The  device  usually  designated  as  a 
"Y  Box"  is  not  a  multiplier.  It  con- 
sists of  a  set  of  three  n(in-induc- 
tive  resistors,  having  one  terminal  in 

3-Phase  Line 


Wattmeter 


To  Load 


FIG.  900  (a) 


common  and  having  the  other  three 
ends  arranged  for  connecting  to  the 
three  conductors  of  a  three-phase, 
three-wire  circuit.  When  so  con- 
nected, the  common  terminal  be- 
comes the  neutral  point  with  refer- 
ence to  the  potential  of  the  three 
conductors.  A  single-phase  watt- 
meter, connected  as  shown  in  Fig. 
900    (a)    measures    one-third    of   the 
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total  load,  if  the  circuit  is  balanced. 
The  sum  of  the  readings  of  three 
single-phase  wattmeters,  similarly 
connected  to  the  three  conductors, 
measures  the  total  load,  regardless 
of  balance.  When  three  wattmeters, 
having  exactly  equal  impedances  in 
their  voltage  circuits  are  used,  the 
meter  windings  themselves  form  a 
Y-connection  and  a  separate  "Y 
Box"  is  not  necessary.  When  the 
number  of  meters  used  is  less  than 
three,  or  when  the  impedances  of 
the  meters  are  unequal,  tlie  resist- 
ance of  the  "Y  Box"  must  be  very 
low.  as  compared  with  that  of  the 
wattmeter  windings  to  avoid  shift- 
ing of  the  neutral  due  to  the  cur- 
rent taken  by  the  meter  windings. 
Another  method  is  to  use  only  two 
extra  resistors,  each  having  an  im- 
pedance exactly  equal  to  that  of  the 
wattmeter  shunt  winding,  and  dis- 
pense with  the  resistance  which  is 
shown  connected  in  multiple  with 
the  voltage  circuit  of  meter. 

II.    B.    T. 

901 — Oil  Level  in  Transformers — 
lliiw  Iiigli  should  the  nil  l)e  in  a 
self-cooled   oil   transformer? 

c.  R.  c.  (v.\.) 
The  cold  oil  level  in  transform- 
ers having  cast  iron  cases  should  be 
from  one  to  one  and  one-half  inch- 
es below  the  ledge  of  the  pocket 
from  which  the  leads  is^ue.  In  case 
of  sheet  metal  tanks  the  cold  oil 
level  should  be  approximately  two 
inches  below  the  top  of  the  sheet 
metal   sides. 

902 — Transformer  Calculations — 
If  one  of  till-  primary  fuses  are 
blown  in  a  bank  of  delta  connect- 
ed transformers,  what  is  the  rule 
for  calculating  the  secondary  volt- 
age in  all  three  phases? 

c.  R.  c.  (VA.) 
To  determine  the  secondary  volt- 
age, if  primary  fuses  are  blown  on 
delta  connected  transformers,  take 
first  the  case  of  fuses  directly  in  the 
line.  rip.  Q02  (a).  If  fuse  P  blows. 
a  single-phase  e.m.f.  is  ajiplied  across 
Bv  Cp.  Now  as  transformers  AH  and 
AC  arc  exactly  alike,  they  will  di- 
vide this  e.m.f.  e(|ually,  provided 
there  is  no  unl)alance(i  .secondary 
loatl.  Then  we  will  ii.ive  full  volt- 
ajje  on  the  secondarv  li,  (\  and  one- 
half  voltage  on  A.  C.  and  .f,  fK.    If 


load  is  taken  from  //.  C.  the  voltage 
across  this  phase  will  fall  and  the 
voltage  across  As  B,  will  rise. 
In  the  case  in  which  the  primary 
fuses  are  connected  directly  in  the 
transformer  primary  circuits,  as  in 
Fig.  902  ('b),  if  fuse  D  blows,  there 
is  a  condition  of  A,,  C\,  and  B,,  Cv 
acting  as  two  transformers  connect- 
ed in  V  and  transformer  A^  Bp  plays 


FIG.   902    (a)    AND    (b) 

no  part  in  the  action  except  to  draw 
exciting  current  through  its  second- 
ary. Three-phase  current  may  now 
be  drawn  from  the  secondary,  though 
the  capacity  is  of  course  reduced. 
The  voltages  on  the  secondary  are 
still  full  value  three-phase,  but  on 
unbalanced  load  do  not  operate  as 
satisfactorily. 

903 — Difficulty  in  Paralleling  Al- 
ternators— I  have  two  genera- 
tors in  a  power  plant,  each  driven 
by  a  triple  e.xpansion  high  speed 
engine,  the  output  of  each  being 
500  kw  at  80  percent  power  factor, 
three-phase,  60  cycles,  6600  volts, 
at  30f)  r.p.m.  Roth  these  machines 
when  running  individually  give  the 
best  of  satisfaction,  the  governing 
giving  three  percent  permanent 
and  five  percent  momentary  varia- 
tion, from  no  load  to  full  load, 
whilst  the  generators  have  about 
the  average  regulation.  Both  gen- 
erators are  of  the  same  make,  but 
I  find  it  (|uitc  impossible  to  get 
them  to  stay  in  parallel.  They 
throw  in  alright,  but  the  incoming 
machine  always  refuses  to  pick  up 
load  even  if  running  slightly  fast 
and  with  a  little  excels  voltage.  If 
we  raise  tlie  speed  or  voltage  a  Ht- 
t1i-  m.rf    it  boein-.  to  pick  up  load. 
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but  the  governors  of  the  engines 
start  to  hunt  and  the  two  machines 
fall  out  of  step  usually  after  a 
I'apse  of  two  to  seven  minutes.  I 
would  mention  that  the  hunting  al- 
ways seems  to  start  on  the  one  ma- 
chine which  was  the  last  to  be  in- 
stalled. The  air-gap  on  this  ma- 
chine is  at  least  1/16  smaller  than 
on  the  o'ld  one.  This  is  due  to 
the  fact  that  the  rotor  field  coils 
were  damaged  by  sea  water  during 
shipment  and  were  rebuilt  by  tlie 
maker's  agents.  These  poles  are 
bare  copper  strap  wound  on  edge 
and  insulated  with  presspahn  discs. 
1  find  that  some  of  the  pole  pieces 
are  considerably  deeper  than 
others,  i.e.,  some  give  3/16  air-gap 
whereas  others  only  give  about 
3/22.  Would  this  cause  any  alter- 
ation in  wave  form  sufficient  to  af- 
fect parallel  running?  Would  it 
be  advisable  to  machine  the  pole 
faces  so  that  each  would  give  an 
air-gap  approximating  that  of  the 
other  machine?  What  steps  would 
you  advise  me  to  take? 

H.  S.  G.   (CANADA) 

This  diffcuky  in  parallel  opera- 
tion is  probably  due  to  the  hunting 
of  governors  combined  with  the  low 
percentage  speed  variation  between 
no  load  and  full  load  of  the  indi- 
vidual engines.  It  is  not  probable 
that  the  differences  in  air-gap  have 
anything  to  do  with  the  matter.  It 
would  not  be  advisable  to  do  any 
work  to  correct  the  air-gap  until  the 
difficulties  with  the  governors  have 
been  eliminated.  In  general,  the 
changes  in  governors  required 
should  be  such  as  to  increase  the  per- 
centage regulation  of  individual  en- 
gines and  to  add  dashpots  to  the 
governors  to  prevent  oscillation  and 
hunting.  It  is  also  possible  that  the 
flywheels  are  too  light  for  proper 
parallel  operation.  It  is  not  proba- 
ble that  the  local  engineer  can 
remedy  these  defects  unless  he  has 
had  considerable  experience  with 
similar  troubles.  The  engine  builders 
should  be  appealed  to  for  assistance.  , 

F.    II.    X. 

904 — Resistance  of  Cast  and  Rolled 
Copper — What  is  the  difference 
in  resistance  between  a  cast  copper 
bar  and  a  rolled  cc^^per  bar  of  the 
same  dimensions? 

W.  S.  D.   (PENNA.) 


The  resistance  of  copper  varies 
■greatly,  depending  upon  its  purity. 
Rolled  or  drawn  copper  may  be  ex- 
pected to  have  a  resistance  of  0.158 
to  0.1596  ohms  at  20  degrees  C.  per 
gram-metre,  and  cast  copper  a  re- 
sistance of  0.1915  to  0.221  ohms  at  20 
degrees  C.  per  gram-metre. 

R.  W.  E.  M. 

905 — Connections    for    Starting 

Boxes — We  notice  that  some 
manufacturers  place  the  low  volt- 
age release  coil  of  their  starting 
boxes  for  direct-current  motors 
directly  across  the  line  instead  of 
as  in  the  ordinary  three-point 
starting  box.  Another  manufac- 
turer places  this  coil  in  series  with 
the  shunt  field.  Why  is  the  former 
method  used  and  in  what  way  does 
it  take  care  of  open  circuits  in  the 
shunt  field,  providing  no  overload 
release  is  on  the  starting  rheostat? 

F.  D.  P.   (OHlO.  ) 

A  large  number  of  present  day  mo- 
tors are  designed  for  adjustable 
speed  by  shunt  field  control.  The 
range  of  shunt  field  current  is  so 
great  that  it  is  practically  impossible 
to  design  a  no-voltage  release  coil  to 
go  in -series  with  the  shunt  field  and 
work  over  this  range.  A  coil  in 
series  with  the  field  must  be  designed 
with  reference  to  the  particular  mo- 
tor with  which  it  is  to  be  used,  as 
the  shunt  field  current  varies  in  dif- 
ferently designed  motors  of  the 
same  horse-power  rating.  In  order 
to  avoid  these  difficulties  the  coil  is 
put  across  the  line.  It  does  not  af- 
ford any  protection  against  open  cir- 
cuit in  shunt  field,  this  contingency 
being  taken  care  of  by  the  r)verload 
circuit  breaker  or  fuses  in  the  line. 

H.  c.  N. 
906 — Shunted  Interpole  on  Genera- 
tor— On  a  500  kw,  500  volt  rail- 
way generator,  two  resistors  in 
series  are  connected  in  parallel 
with  the  interpole  winding.  One 
of  these  is  a  straight  resistance 
similar  to  the  shunt  on  the  series 
field,  while  the  other  is  a  reactance 
coil.  Please  explain  the  action  and 
give  reasons   for  the  use  of  either 

or    both.  C.  A.  F.   (KANSAS.) 

Under  certain  conditions  it  is  im- 
practicable to  design  the  commutat- 
ing  pole  windings  for  an  exact  num- 
ber of  turns  and  still  maintain  the 
correct  proportion  between  ^armature 
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and,  o)  111  nulla  lint;'  pole  magncto-nKj- 
tivc  forces.  In  such  instances  a 
winding  sHkIiIIv  lieavicr  than  neces- 
>ary  is  supijhed  and  the  excess  cur- 
rent sliunted  off.  Jiotli  inductive  and 
non-in(hictive  shunts  liave  l)een  em- 
ployed for  this  purpose.  The  latter 
type.however,  is  unsuited  for  opera- 
tion on  circuits  of  varying  load  as 
they  by-pass  more  than  their  proper 
proportion  of  current  during  sudden 
Huctuations.  For  good  commutation 
practically  a  fixed  ratio  between 
commutaling  pole  and  armature 
strengths  is  advisable  below  satiira- 
tion  of  the  commutating  pole  mag- 
netic circuit,  and  to  secure  this  a 
fixed  division  of  current  between  the 
commutating  pole  windings  and  its 
shunt  circuit  is  required.  The  inser- 
tion of  inductance  in  the  shunt  cir- 
cuit tends  to  equalize  the  inductive 
action  of  these  two  j^arallel  circuits 
and  extended  oscillograph  tests  have 
indicated  the  most  suitable  propor- 
tions to  be  used.  R.  h.t. 

907 — Battery  Power  Gathering  Lo- 
comotive—  We  have  a  small 
gathering  locomotive  equipped 
with  a  10  or  12  horse-power,  1 10 
volt,  series  motor,  also  an  Edison 
storage  battery  of  60  cells  of  130 
ampere  hours  capacity.  The  volt- 
age of  the  trolley  wire  in  the  mine 
is  250  volts.  Would  it  be  practical 
to  connect  the  controller  starting 
resistance  motor  and  battery  so 
that  while  the  motor  was  running 
from  the  trolley  the  battery  would 
be  charging  and  when  the  end  of 
the  trolley  was  reached  the  motor 
would  run  from  the  battery,  as- 
suming that  the  motor  was  run  40 
percent  of  the  time  on  the  tri>lle_\ 
wire  and  (x)  i)ercent  on  the  battery 

,     and   the   battery   would   be  charged 
at    the    beginning   of    each    lo-hour 

shift?  I".,  r.  (vv.  v.\. ) 

The  discharge  voltage  of  60  Edi- 
son cells  is  between  (x)  and  72  volts, 
while  the  viiltage  at  the  motor  when 
taking  current  thruugh  the  battery 
from  a  250  volt  trolley  would  be  125- 
145  volts.  For  this  reason  the  start- 
ing resistance  for  operation  from  the 
battery  would  be  much  less  than  that 
required  for  operating  in  series  with 
the  liattery  from  the  trolley.  To  de- 
termine the  correct  amount  of  re- 
sistance for  use  in  each  case,  the  lo- 
comotive   weight,    characteristics    of 


nidtor,  gear  ratio  and  wheel  diameter 
should  be  known.  The  speed  when 
operating  from  the  trolley  will  be  ap- 
I)roximately  double  that  obtained 
with  the  battery  alone;  and  the 
maker  of  the  motor  should  be  re- 
quested to  state  whether  the  motor 
will  sPand  a  maximum  voltage  of  130 
volts  at  light  loads.  To  know  wheth- 
er such  intermediate  charging  would 
be  sufficient  to  keep  the  locomotive 
ill  service  for  ten  hours,  it  would  be 
necessary  to  have  more  definite  in- 
formation as  to  service  conditions; 
namely,  loads,  distances,  frequency 
of  trips,  running  time,  etc.  Under 
average  conditions  we  estimate  that 
10  or  12  hours  service  could  be  ob- 
tained in  this  manner  before  the  bat- 
tery is  completely  discharged.      e.  w. 

908 — Horse-power     Formula  —  Is 

the  following  formula  practical  for 
finding   the   horse-power  of   three- 
phase,  25  cvcle,  400  volt  motors : — 
Hp_  1.732  X  Ex  I  xPF. 
746 

Where  the  power- factor  is  not 
known  would  you  advise  using  a 
portable  power- factor  meter?  If 
not  give  practical  method.  Also 
give  formula  for  finding  proper 
size  of  wire  for  wiring  three- 
phase,  25  cycle.  400  volt  motors. 

A.  K.  J.   (PKNNA.  ) 

The  formula  is  correct  for  dt»ter- 
mining  the  electrical  horse-power  in- 
put to  the  motor.  To  determine  the 
mechanical  load  cc)nnected  to  the 
motor,  the  horse-power  input  must 
be  multi])lied  by  the  horse-power  ef- 
ficiency at  that  load,  which  can  be 
obtained  from  the  efficiency  curve 
for  the  particular  motor.  The  form- 
ula given  requires  simultaneous 
measurements  of  amperes,  volts  and 
power- factor.  A  more  practical  way 
is  to  measure  the  input  by  using 
wattmeters  and  dividing  by  74<)  to 
get  the  horse-power  input.  The  size 
of  wire  is  determined  liy  the  size  of 
current  it  nni^t  carry.  This  current 
can  be  determined  from  the  name 
plate,    by    direct    measurement   or    by 

.      ^  1     ,        Hp  output  X746 

the  formula  I  =  — z  — -r^- — •=--?,— 


X  r.  V.  ■  Kft. 

The  size  of  wire  for  a  given  current 
may  be  olitained  from  tables  supplied 
by  wire  manufacturers  i)r  l'n(ler- 
writers  or  from  tables  in  electrical 
handbooks.  c.  w.  K. 


488 


THE  ELECTRIC  JOURNAL 


909 — Changing  Motor  From  Two- 
Phase  to  Three-Phase — In  sev- 
eral repair  shops  I  have  noticed  the 
practice  of  changing  the  coil  and 
group  connections  of  induction 
motor  stator  windings,  so  that  they 
can  be  used  on  either  two  or  three- 
phase  circuits,  as  circumstances 
may  require.  Coil  positions  in  the 
slots  are  not  changed,  merely  the 
dividing  up  of  coils  into  two  or 
three  circuits.  Now  it  is  obvious 
that  this  changes  the  voltage  per 
coil,  also  the  coils  do  not  lie  in  the 
proper  polar  positions,  hence  I 
have  concluded  that  a  three-phase 
motor  changed  to  two-phase  would 
have  reduced  output.  Let  me  know 
the  facts  and  performance  of  mo- 
tors so  connected  and  whether 
such  changes  are  considered  good 
practice  or  not.  I  would  suppose 
a  Scott  connection  of  coils  (leav- 
ing out  one  or  more  coils  per  pole 
to  get  the  required  86  percent) 
would  be  preferable,   s.  p.  (wash. 

Assume  a  three-phase,  440  volt 
motor  having  36  coils  conected  in 
series  star.  As  a  three-phase  motor, 
it  has  one-third  of  36  or  12  coils  per 
phase  on  254  volts  or  21.2  volts  per 
coil.  When  reconnected  for  two- 
phase,  one-half  of  the  coils  or  18  are 
in  one  phase  on  440  volts  or  24.4  volts 
per  coil.  Also  on  account  of  differ- 
ent distribution  of  the  coils,  the  volt- 
age per  coil  on  two-phase  is  in- 
creased six  percent  above  the  three- 
phase,  making  the  voltage  per  coil 
25.8  volts  on  two-phase.  Thus  the 
voltage  per  coil  is  22.5  percent  great- 
er on  two-phase  than  on  three-phase, 
making  the  pull-out  point  of  the  mo- 
tor about  50  percent  greater  on  two- 
phase  and  increasing  the  saturation 
of  the  iron.  The  motor  when  con- 
nected for  two-phase  will  have  great- 
er no-load  current  and  lower  power- 
factor  and  efficiency.  The  converse 
of  the  above  is  also  true.  In  general, 
it  is  not  good  practice  to  increase  or 


decrease  the  voltage  of  a  coil  more 
than  ten  percent.  In  changing  from 
two-phase  to  three-phase  the  Scott 
connection  would  give  a  motor  more 
nearly  like  the  original  than  the 
above.  This  connection  is  not  always 
possible  as  the  coils  omitted  should 
be  evenly  distributed  among  all  the 
poles  and  this  may  be  impractical. 

c.  w.  K. 
910 — Efficiency  of  Enclosed  Motor 
— a — 'Is  there  any  way  to  figure 
how  much  an  enclosure  put  on  an 
open  type  motor  lowers  the  effi- 
ciency of  the  motor?  b — Is  there 
any  liability  of  causing  faulty 
operation  of  a  semi-enclosed  motor 
by  protecting  the  ventilating  open- 
ings with  a  wire  gauze  screening 
to  prevent  sparking  hazards? 

K.  w.  A. (mo.) 

a — In  general,  a  motor  rated  at  40 
degrees  C.  temperature  rise  for  con- 
tinuous service  can  be  equipped  with 
semi-enclosing  covers  of  grid  or 
large  wire  mesh  type  and  operated  at 
the  same  horse-power  with  tempera- 
ture rise  not  exceeding  50  degrees  C. 
The  efficiency  is  affected  to  the  ex- 
tent of  increased  copper  losses  due 
to  greater  resistance  of  copper  on 
higher  temperature.  This  affects 
armature,  commutating  pole  and 
series  circuits.  In  general,  an  arma- 
ture with  a  given  continuous  horse- 
power and  speed  rating  at  40  de- 
gress C.  rise  for  unenclosed  opera- 
tion will,  if  totally  enclosed,  have  a 
continuous  rating  at  55  degrees  C. 
rise  of  aproximately  70  percent  of 
the  previous  horse-power  rating  at  a 
speed  increased  approximately  20  to 
25  percent,  b — If  wire  mesh  is  not 
under  one-quarter  inch,  there  is  not 
much  danger  of  overheating  pro- 
vided the  motor  runs  within  50  de- 
grees C.  rise  with  sandard  grid  en- 
closing covers.  A  motor  operating 
within  the  standard  40  degrees  C. 
rise  unenclosed,  should  do  this. 

A.  C.  L. 
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PERSONALS 

Mr.  Ariliur  J.  Sweet,  commercial  en- 
gineer of  the  Holophane  Works  of  the 
General  Electric  Company,  has  resigned 
to  enter  consulting  engineering  work  at 
Milwaukee,  in  connection  with  Francis 
A.  Vaughn  and  H.  J.  Meyer,  under  the 
firm  name  of  Vaughn,  Meyer  &  Sweet. 
During  the  past  five  years  Mr.  Sweet 
has  been  prominently  identified  with  re- 
search and  commercial  development 
work  in  the  field  of  illuminating  engi- 
neering. He  was  engaged  on  shop 
process  work  in  the  research  engineer- 
ing depart- 
ment  of  the 
Westinghouse 
Electric 
&  Mfg.  Com- 
p  a  n  y,  and 
later  was  elec- 
trical engineer 
for  the  West- 
i  n  g  h  o  u  s  e 
Lamp  Com- 
pany. During 
the  past  two 
years  he  has 
given  special 
a  1 1  e  n  tion  to 
the  subject  of 
railway  light- 
ing, and  last 
summer  served  as  consulting  engi- 
neer in  charge  of  the  research  work 
on  postal  car  lighting  which  was 
conducted  at  Washington,  D.  C, 
under  the  auspices  of  the  Baltimore 
&  Ohio  Railroad.  Mr.  Sweet  has 
been  a  valuable  contributor  to  the 
Journal  and  other  technical  periodicals, 
as  well  a.?  to  the  engineering  societies. 
He  will  give  his  chief  attention  to  the 
handling  of  the  firm's  extensive  illu- 
minating engineering  practice  and  to 
directing  the  details  of  the  office  work. 
Mr.  Sweet's  energy  and  conscientious- 
ness in  his  work  have  won  him  many 
friends  whose  good-will  and  support 
will  follow  him  in  his  new  work. 


Mr.  Arthur  J.  Sweet 


Mr.  Arthur  Warden,  of  the  railway 
and  lighting  sales  department  of  the 
Westmghouse  Electric  &  Mfg.  Com- 
pany, has  accepted  a  position  in  the  of- 
fice of  the  master  mechanic  of  the 
Washmgton  Railway  &  Electric  Com- 
pany at  Washington,  D.  C 


Mr.  H.  N.  Bartlett,  for  manv  years 
m  the  engineering  department  of  the 
Westmghouse  Electric  &  Mfg.  Com- 
pany. East  Pittsburgh,  is  now  located 
at  the  Pittsfield  works  of  the  General 
Electric  Company,  in  the  engineering 
department. 


Mr.  W.  S.  Murray,  chief  electrical 
engineer  of  the  New  York,  New  Haven 
&  Hartford  Railroad,  has  resigned,  to 
enter  consulting  engineer  work  in  part- 
nership with  Mr.  E.  H.  McHenry,  until 
recently  vice-president  of  the  same 
road.  The  new  firm,  with  offices  in  the 
Second  National  Bank  building,  New 
Haven,  will  take  over  a  large  part  of 
the  electrical  engmeering  staff  of  the 
New  Haven  Railroad  and  will  direct 
the  new  electrification  work  of  that 
company  as  consulting  and  constructing 
engineers.  The  firm  will  be  prepared 
to  undertake  other  railway  engineering 
work,  and  already  has  been  in  consulta- 
tion on  several  important  western  elec- 
trification projects.  The  long  experi- 
ence of  both  members  of  the  firm,  dur- 
ing which  they  have  supervised  electri- 
fication of  550  miles  of  track,  involving 
the  expenditure  of  more  than  $15  000 
000,  well  fits  them  for  the  field  of  work 
in   which  they  will  engage. 


Mr.  John  Hays  Smith,  commercial 
engineer  of  the  Milwaukee  Electric 
Railway  &  Light  Company,  in  charge 
of  engineering  and  sales  of  electric 
power  and  steam  heat,  has  resigned  to 
engage  in  consulting  engineering,  with 
offices  in  the  Merrill  building,  Milwau- 
kee. Before  coming  to  Milwaukee  Mr. 
Smith  was  with  the  Duquesne  Light 
Company  of  Pittsburgh,  and  previously 
witli  the  Westinghouse  Electric  & 
Mfg.  Company,  for  seven  years.  Since 
going  to  Milwaukee,  Mr.  Smith  has 
closed  some  of  the  biggest  electric 
power  jobs  in  that  city,  and  introduced 
the  first  electric  steel  furnace  to  be  in- 
stalled  in   the  Northwest. 


Mr.  L.  de  Verebely,  who  took  the 
engineering  apprenticeship  course  of 
the  Westinghouse  Electric  &  Mfg. 
Company  in  1907  and  iQoS,  later 
was  in  their  power  engineering  depart- 
ment, and  has  since  been  connected 
with  the  Ganz  Electric  Company,  Buda- 
pest, Hungary,  in  their  experimental 
department,  has  been  appointed  chief 
engineer  of  the  Italian  Westinghouse 
Companv,  \'ado  Ligure,  near  Genoa, 
Italv. 


Mr.    Harold    W.    Smith,    formerly    of 
Pittsburgh  and  later  of  the   Milwaukee 
office    of    the    Westinghouse    Electric   4 
Mfg.     Company,     has     been     apt>ointed 
sales    engineer    to    Noyes    Brothers    in 
charge  of  electrical  estimates,  and  sell- 
ing, with  headquarters  at  115  Clarence 
street,  Sydney.  Australia. 
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NATIONAL    ELECTRIC    LIGHT    ASSOCIA- 
TION—PRELIMINARY PROGRAM 

The  annual  convention  of  the  Na- 
tional Electric  Light  Association  will  be 
held  June  2-6,  at  Medina  Temple,  Chi- 
cago. On  Monday,  June  2,  the  exhibits 
will  be  opened  and  in  the  evening  will 
be  the  reception  of  President  Tait. 
From  Tuesday  until  Friday  there  will 
be  two  sessions  daily,  with  often  two  or 
three   sections  in  parallel. 

A  list  of  the  proposed  special  papers 
is  as   follows: 

Paul  Lupke,  "Anticipation  ;  W.  A. 
Thomas,  "Central-Station  Power  m 
Coal  Mines" ;  Paul  MacGahan,  "Switch- 
board Instruments";  E.  P.  Dillon, 
"Railway  Loads  for  Central  Stations  ; 
H.  H.  Rudd,  "Transformers  and  Power 
Transmissions";  W.  A.  Darrah,  "Arc 
Lamps  and  Recent  Developments 
Thereof";  J.  N.  Mahoney,  "Develop- 
ments in  Protective  Apparatus";  E.  G. 
Reed,  "Latest  Developments  in  Distrib- 
uting Transformers";  R.  E.  Campbell 
and  W.  C.  Cooper,  "The  Incandescent 
Lamip  and  Its  Relation  to  Lighting 
Service";  J.  E.  Randall,  "New  Incan- 
des'cent  Lamp  Development";  August 
Hiibbard,  "Use  of  the  Telephone  in 
Central  Stations";  R.  A.  Griffin,  "Poles 
and  Pole  Preservation";  E.  B.  Merriam, 
"Switching  Apparatus  for  Rural  Instal- 
lations";  J.  Edward  Kearns,  "Central 
Stations  for  Towns  of  5000  Population 
or  Less" ;  T.  K.  Stevenson,  "Advantages 
of  Copper-Clad  Wire  for  Series  Arc 
Lighting" 

The  following  items  and  names  give  a 
list  of  regular  reports  and  addresses, 
embracing,  with  the  subsequent  lists  of 
papers,  be'tween  60  and  70  separate 
items  proposed  to  be  taken  up  and  dis- 
posed of  by  the  Convention,  although, 
of  course,  some  changes  may  be  made 
before  the  program  goes  into  effect: 

Frank  M.  Tait.  President's  Address; 
T.  C.  Martin,  Secretary's  Report  and 
Progress  Report;  W.  W.  Freeman, 
Treasurer;  Wm.  H.  Blood,  Jr.,  Insur- 
ance Expert;  Arthur  Williams,  Public 
Policy  Committee  and  Library;  Frank 
W.  Frueauff,  Constitution  and  By- 
Laws;  E.  W.  Lloyd,  Rate  Research 
Committee;  Holton  H.  Scott,  Member- 
ship Committee;  S.  A.  Sewell,  Question 
Box  Editor;  E.  J.  Bowers,  Accounting 
Committee;  I.  E.  Moultrop,  Prime 
Movers  Committee;  Frank  W.  Smith, 
Lamps ;  W.  H.  Fellows,  Meters ;  W._  H. 
Blood.  Tr.,  Grounding  of  Secondaries; 
Dr.  A. '  E.  Kennelly,  Electrical  Meas- 
urements and  Values;  Farley  Osgood, 
Overhead  Line  Construction;  L.  L. 
Elden,     Electrical     Apparatus;     W.    H. 
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Gardiner,  Terminology ;  W.  L.  Abbott, 
Underground  Construction;  John  W. 
Lieb,    Street    Lighting;    T.    C.    Martin, 

Memorials. 

COMMERCIAL    SECTION 

The  work  of  the  Commercial  Section 
will  include  an  address  by  its  chairman, 
Mr.  E.  W.  Lloyd,  and  a  special  address 
on  the  education  and  training  of  sales- 
men, as  well  as  the  following  reports 
of  committees : 

Finance — ^T.  I.  Jones.  Publication — 
Douglass  Burnett.  Membership — J.  F. 
Becker.  Electrical  Salesman's  Hand- 
book— E.  L.  Callahan.  Electricity  on 
the  Farm — John  C.  Parker.  Wiring  of 
Existing  Buildings — R.  S.  Hale.  Ice 
and  Refrigeration — G.  H.  Jones.  Elec- 
trical Merchandising — ^T.  I.  Jones. 
Short  Cuts  in  Executing  Customers' 
Orders — G.  C.  Holberton.  Steam  Heat- 
ing— ^S.  M.  Bushnell.  Advertising — J. 
R.  Crouse.  Education  of  Salesmen — 
George  Williams. 

HYDRO-ELECTRIC     AND     POWER     TRANSMIS- 
SION   SECTION. 

The  work  of  this  Section  will  include 
an  address  by  the  chairman,  Mr.  W. 
N.  Ryerson,  and  a  special  discussion  be- 
fore the  Section  by  an  engineer  from 
the  Bureau  of  Standards  of  the  subject 
of  life  hazard  in  connection  with  the 
transmission  and  distribution  of  power. 
The  Committee  reports  to  be  taken  up 
are  as  follows : 

M.  R.  Bump,  Receiving  Apparatus; 
P.  M.  Downing,  Distributing  Lines;  D. 
B.  Rushmore,  Operation  of  Water- 
Power  Systems ;  R.  J.  McClelland, 
Membership;  T.  C.  Martin,  Power 
Transmission  Progress. 

It  is  also  proposed  to  discuss  in  this 
Section  the  part  of  the  report  of  the 
Committee  on  Prime  Movers,  relating 
to  a  special  investigation  of  water- 
power  plants  and  apparatus  made  by  a 
sub-committee,  with  Mr.  J.  F.  Vaughan 
as  chairman.  The  following  papers 
have  also  been  prepared : 

A.  O.  Austin,  Factors  Producing  Re- 
liability in  the  Suspension  Insulator; 
R.  D.  Coombs,  Transmission  Lines; 
H.  L.  Cooper,  The  Mississippi  River 
Power  Company's  System  (illustrated)  ; 
E.  E.  F.  Creighton,  Lightning  Arrest- 
ers; Albert  Kingsbury,  The  New  Type 
of  Thrust  Bearing. 

It  will  be  seen  that  the  Section  has  an 
unusually  interesting  program.  Some 
attention  will  be  given  to  Conservation 
but  the  specifically  political  aspects  of 
this  will  be  reserved  for  the  report  of 
the  Committee  on  Public  Policy. 
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Ten  years  ago  central  station  managers  were  con- 
Central         tent  to  devote  their  energies  almost  exclusively  to 
Station         the  expanding  of  their  electrical  illumination  busi- 
Progress       ness,  unmindful  of  the  fact  that  the  requirements 
of  their  customers   necessitated   twenty-four  hour 
operation  for  a  revenue  load  condensed  in  an  evening  peak  of  not 
more  than  three  or  four  hours.     Since  then,  central  station  man- 
agers  have   been   wonderfully   aggressive   and   progressive.     They 
have  sought  a  day  load  to  fill  their  power  valleys  and  have  striven 
incessantly    for    power    business    with    the    result    that    today    in 
many  cases  the  current  consumption  due  to  domestic  illumination 
is    but    a    by-product    of    the    central    station's    activity.      Splendid 
strides  have  been  taken  in  this  direction  during  the  past  year,  and 
central  station  managers  are  attacking  the  future  with  the  hope  and 
belief  that  within  a  very  few  years  central  stations  will  supply  prac- 
tically all  of  the  industrial  power  consumed,  will  supplant  to  a  large 
extent  coal  and  natural  gas   for  domestic  heating  and  will  make 
even  more  surprisingly  large  inroads  upon  the  less  modern   forms 
of  illumination  still  so  widely  used. 

This  remarkable  progress  has  been  largely  due  to  hearty  co- 
operation between  the  electrical  manufacturers  and  the  central  sta- 
tions.   The  manufacturers  have  been  progressive  and  active  in  de- 
veloping new  types  of  apparatus  designed  to  increase  power  house 
efificiency  and  reduce  the  cost  of  production.  The  advance  in  this  di- 
rection  has   been   almost   revolutionary.      In    fact,    inventive   skill, 
chastened  by  healthy  competition,  has  been  kept  so  active  in  the  de- 
velopment of  electrical  apparatus  that  central  station  managers  have 
been  spurred  to  increased  elVicicncy  on  their  part  to  assimilate  eco- 
nomically the  ever-changing,  ever-improving  types  of  electrical  ma- 
chinery.   Increased  economy  resulting  from  larger  and  better  power 
house  units  and  a  more  efficient  system  of  current  distribution  have 
been  generously  shared  by  central  station  managers  with  the  result 
that  new  business  has  been  created  at  prices  that  might  cause  old- 
time  electrical  men  some  moments  of  anguish. 
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Central  station  managers  have  combined  high  efficiency  of  pro- 
duction with  keen  commercial  activity.  They  have  waged  a  per- 
sistent campaign  of  education  to  popularize  the  use  of  electricity. 
They  have  improved  the  standard  of  their  product.  They  have 
preached  the  gospel  of  reliable  electrical  service — service  that  means 
one  hundred  percent  efficiency  every  moment  the  clock  ticks.  They 
have  shown  industrial  managers  their  error  in  maintaining  grossly 
extravagant  and  wasteful  methods  of  individual  power  production, 
simply  because  their  fathers  had  been  successful  with  such  methods. 
They  have  called  in  the  technical  expert  as  a  vital  part  of  their 
operating  forces  and  they  have  systematized  on  a  basis  of  science 
and  precision  a  business  that  formerly  was  notoriously  haphazard. 
They  have  developed  the  small  power  business  as  well  as  the 
large,  and  have  convinced  the  manufacturer  that  central  station 
power  service  is  so  elastic,  so  cheap,  so  clean,  so  safe,  so  efficient 
and  so  reliable  that  it  is  indispensable  for  economic  manufacturing. 

Each  year  new  lines  of  work  are  found  where  electricity  may 
be  advantageously  applied,  aside  from  the  production  of  light  and 
power.  The  manufacture  of  high  grade  steel  in  large  quantities 
through  its  use  is  but  in  its  infancy,  and  among  some  of  the  other 
important  lines  are  the  manufacture  of  tungsten,  aluminum,  silicon, 
artificial  graphite,  calcium  carbide  for  the  production  of  acetylene 
gas,  nitric  acid  from  atmospheric  nitrogen,  artificial  fertilizer  in 
which  nitrogen  obtained  from  the  atmosphere  plays  an  important 
part,  etc.  The  future  of  the  industry  seems  boundless  and  the 
central  station  manager  is  alive  to  the  opportunity. 

R.  S.  Orr 


The  eye  and  the  hand  have  a  large  part  in  nearly 
The  Eye  a      everything  we  do.     The  eye  sees  what  should  be 
Factor  in       done  and  the  hand  does   it ;  the  eye    directs    the 
Illumination    movements  of  the  hand;   it  observes  whether  the 
proper  result  is  attained.     This   is   strikingly  true 
in   industrial  work.     The   supervision  by  the  eye  applies  alike  to 
the  clerk,  the  draftsman,  the  carpenter,  the  moulder,  the  machin- 
ist, the  watchmaker,  and  those  who  test  and  inspect  the  finished 
product.     It  is  primarily  the  eye  which  determines  what  should  be 
done,  which  directs  the  doing  of  it  and  decides  whether  it  is  prop- 
erly done. 

The  eye  is  the  most  sensitive  and  delicate  of  the  organs  of  sense. 
It  should  be  aided  and  protected  in  every  way  practicable.     The  ob- 
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jccl  to  l)c  seen  should  be  properly  illuminated,  and  the  eye  should 
be  protected  from  irritation  and  strain.  At  a  lecture  and  in  con- 
versation we  insist  on  quiet  surroundings  so  that  the  ear  may  be 
free  from  disturbing  noises  or  shrill  whistles.  But  we  are  care- 
less about  the  eye.  It  is  often  subjected  to  glaring  light  from  sur- 
rounding objects  or  from  an  intense  lamp  or  from  polished  sur- 
faces on  the  o])ject  it  views.  To  protect  itself  from  glare  and 
penetrating  light,  the  pui)il  of  the  eye  contracts;  but  this  is  not  the 
best  condition  for  seeing  the  work  in  hand.  The  eye  has  a  wide 
range  of  accommodation  to  different  degrees  of  illumination,  but 
it  is  subject  to  temi)orary  or  permanent  injury  if  the  strain  upon 
it  be  too  great  or  too  long  continued. 

Eye  strain  produces  impaired  \ision,  headache,  bad  disposition 
and  a  general  unfitness  for  efficient  service.  In  some  industries,  ad- 
vancing years  bring  experience  and  skill  of  hand,  Init  a  failing  eye 
sight.  The  oculist  may  prescribe  a  partial  remedy,  but  prevention 
l)y  the  illuminating  engineer  may  greatly  reduce  the  need  of  atten- 
tions by  an  oculist.  In  short,  the  efficiency  of  the  eye  and  of  the 
individual  and  the  resulting  quantity  and  quality  of  the  work  ac- 
complished are  very  largely  dependent  upon  normal  vision  and 
proper  lighting:  it  is  this  which  makes  illumination  of  fundamental 
importance  in  industrial  economy.  There  are  safety  devices  to 
protect  the  hand  from  injury  by  moving  machinery;  vision  must 
be  conserved  by  protecting  the  eye  from  dangerous  lamps. 

What  constitutes  good  lighting?  The  question  admits  of  no 
simple  answer,  though  one  usually  tries  to  name  some  kind  of  a 
lamp.  But  tlic  problem  logically  begins  not  with  tlie  lamp  but 
with  the  eye  itself.  The  problem  is  physiological,  it  is  even 
psychological,  for  the  real  object  of  illumination  and  of  seeing  is 
that  the  mind  may  receive  certain  impressions  through  the  physio- 
logical stimulus  caused  by  the  light  from  the  observed  object. 
The  outward  facts  should  be  made  known  to  the  mind  accurately 
and  with  minimum  strain  upon  the  delicate  mechanism  of  the  eye. 
The  problem,  therefore,  is  to  make  the  outward  physical  condi- 
tions of  lighting  conform  to  the  needs  of  the  eye.  In  the  physical 
problem,  the  illumination  of  the  object  itself  is  only  one  factor,  as 
the  surrounding  conditions  and  the  i)revention  of  riare  are  of 
C(|ual  or  even  greater  importance. 

The  illumination  should  differ  with  different  objects.  Some 
things  seen  are  large  and  others  small;  some  are  light  in  color  and 
others  dark;   in   some,   color  values   are   important;   .<;omc   require 
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close  observation  of  delicate  parts  or  of  a  particular  point,  while 
others  require  a  general  view  of  a  large  area.  The  surroundings 
differ  widely ;  sometimes  there  are  light  walls  and  ceilings,  and  in 
other  cases  there  are,  from  the  standpoint  of  illumination,  neither 
walls  nor  ceilings ;  sometimes  the  lamps  may  be  placed  wherever 
desired,  and  in  other  cases  their  locatior  is  limited,  as  by  cranes 
or  otherwise. 

Until  recently  illumination  has  received  very  little  attention. 
A  dozen  years  ago,  gas  jets,  sixteen  candle-power  incandescent 
lamps  and  arc  lamps  were  practically  the  only  sources  of  light. 
There  was  little  appreciation  of  the  importance  of  illumination 
either  by  scientific  men,  by  engineers  or  by  factory  managers.  In 
the  last  dozen  years  there  has  been  progress  all  along  the  line  from 
the  coal  pile  to  the  retina.  Attention  was  first  given  to  the  pro- 
duction of  current ;  larger  power  plants,  with  improved  economy 
in  boilers,  turbines  and  other  appliances  made  it  possible  for  one 
ton  of  coal  to  do  what  used  to  require  an  average  of  two  tons ; 
present  day  lamps  consume  only  a  half  or  a  third  as  many  watts 
per  candle-power  as  their  predecessors ;  then  reflectors  have  been 
produced  which  redirect  the  light  and  double  the  useful  portion  on 
the  working  plane.  The  problem  has  shifted  from  the  mere  get- 
ting of  the  requisite  light  on  the  object  to  the  more  difficult  prob- 
lem of  not  getting  too  much  light  where  it  is  not  wanted.  We  are 
now  passing  from  the  lighting  to  the  seeing,  from  physical  light  to 
impressions  on  the  retina. 

The  relation  of  the  eye  to  illumination  is  being  studied  by  a 
committee  of  the  American  Medical  Association  dealing  with  the 
conservation  of  vision.  Investigations  are  being  made  of  methods 
for  determining  the  visual  acuity  and  the  effect  of  eye  strain  un- 
der different  conditions  of  illumination.  All  this  means  that  there 
is  opening  up  a  large  field  with  many  problems  where  it  was 
scarcely  recognized  that  there  was  any  problem  at  all.  The  new 
illumination  has  been  forced  forward  by  the  advent  of  the  tungs- 
ten lamp,  which,  properly  applied,  brings  results  in  the  economical 
production  of  light  in  convenient  form  heretofore  impossible.  On 
the  other  hand,  improperly  used  it  is  a  menace  and  a  danger.  The 
installation  and  maintenance  of  bare  tungsten  lamps  in  the  line  of 
vision  should  be  made  a  criminal  offense. 

The  eye,  the  director  and  monitor  of  industrial  effort,  de- 
serves the  best  illumination  obtainable.  The  difference  between 
good  lighting  and  poor  lighting  in  immediate  returns  of  output  and 
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quality  are  difficult  to  determine.  It  has  often  been  estimated  at 
from  two  to  ten  percent ;  this  means  that  from  twelve  minutes 
to  an  hour  is  gained  each  day  of  ten  hours,  if  the  light  is  good. 
There  is  less  delay,  there  are  fewer  mistakes;  the  more  cheerful 
surroundings  animate  and  enliven.  ( )n  the  other  hand,  the  in- 
creased cost  of  good  lighting  as  compared  with  poor  lighting  in 
many  cases  does  not  exceed  more  than  a  fraction  of  one  percent 
of  the  cost  of  production.  Even  an  individual  lamp  at  a  tool 
chest  which  enables  a  man  to  save  two  minutes  a  day  in  hunting 
for  things  will  save  a  whole  day's  time  in  a  year. 

The  problem  of  good  lighting,  therefore,  is  not  simply  a  ques- 
tion of  power,  or  what  lamp  to  use,  or  w^hat  reflector  is  the  cheap- 
est; or  the  most  efficient,  but  it  is  a  question  as  to  what  illumina- 
tion enables  the  eye  to  perform  its  function  with  the  highest  effi- 
ciency and  with  the  least  strain.  The  lighting  which  best  pro- 
motes and  preserves  vision,  which  produces  the  least  strain  upon 
the  eye  and  nerves,  is  cheap  at  any  cost.  We  have  improved  the 
cost  per  kilowatt-hour  and  the  watts  per  candle  and  now  w^e  are 
trying  to  conserve  our  eyesight.  We  pay  for  kilowatt-hours,  we 
buy  illumination,  we  w^ant  good  vision.  The  last  is  first  in  im- 
portance. Chas.  F.  Scott 


The  past  year  has  been  notable  for  a  number  of 
The   Year's     valuable    developments    in    the    incandescent    lamp 
Advance  in     field.     A  further  increase  in  the  efficiency  of  tungs- 
Illumination    ten    lamps   of    twenty   percent    has   been    secured, 
which  brings  the  expense  for  lighting  down  to  a 
very  reasonable  figure  indeed,  it  being  now  possible  to  obtain  equiv- 
alent illumination  at  from  one-fourth  to  one-third  the  expense  re- 
quired when  using  the  old  carbon  filament  lamps.     Another  favor- 
able feature  from  the  consumer's  standjx)int  is  the  decreased  price 
of  tungsten  lamj)s. 

The  more  recent  developments  have  been  in  tiie  nature  of  re- 
finements in  quality  and  methods  of  manufacture  rather  than  any 
radical  changes  necessitating  spectacular  modifications  in  methods 
of  illumination,  'i'herc  has  been  a  decided  increase  in  the  api)lica- 
tion  of  established  principles  of  illumination  and  in  the  introduction 
of  good  lighting  into  locations  which  have  heretofore  been  consid- 
ered as  beyond  the  reach  of  available  methods. 

While  the  need  of  good  lighting  in  industrial  establishments 
has  been  self-evident,  insufficient  attention  has  been  given  to  the 


494  THE  ELECTRIC  JOURNAL 

means  of  securing  artificial  light,  especially  in  locations  where 
it  is  needed  only  a  few  hours  per  day.  It  was  through  the  efforts 
of  both  the  engineering  and  medical  societies  that  the  matter  of 
proper  illumination  was  brought  to  the  attention  of  the  public. 
Legislation  was  finally  enacted,  rather  indefinitely  specifying  that 
workrooms  should  be  properly  lighted.  Recently  a  further  step 
was  taken,  and  legislation  is  pending  both  in  this  country  and 
abroad  indicating  the  minimum  intensities  for  different  locations, 
as  well  as  other  means  for  safe-guarding  the  eye  sight  and  com- 
fort of  employees. 

The  year  has  witnessed  the  standardization  of  the  "Light  Cen- 
tre", that  is,  all  manufacturers  of  incandescent  lamps  have  stand- 
ardized the  distance  from  the  base  of  the  lamp  to  the  point  at 
which  the  filament  may  be  considered  as  concentrated.  This  is  of 
great  ]:)enefit,  as  the  distribution  of  light  from  reflectors  will  thus 
be  that  for  which  they  were  designed,  regardless  of  the  make  of 
lamp  used.  It  also  simplifies  the  work  of  the  reflector  and  fixture 
manufacturer  by  giving  definite  measurements  on  which  to  base 
calculations. 

The  methods  recently  developed  for  the  prevention  of  black- 
ening, as  mentioned  by  Mr.  B.  F.  Fisher,  Jr.,  in  this  issue,  mark 
a  decided  step  in  tungsten  lamp  progress,  both  by  allowing  the 
operation  of  lamps  at  still  higher  efficiencies  than  heretofore,  and 
by  bringing  the  burn-out  and  blackening  points  more  nearly  to- 
gether. The  ruggedness  of  tungsten  lamps  as  now  manufactured 
seems  little  short  of  marvelous  to  those  who  had  experience  with 
the  first  commercial  tungsten  lamps.  Their  regular  use  five  in 
series  on  550  volt  street  railway  cars  indicates  that  they  are  now 
sufficiently  rugged   for  all  ordinary  requirements. 

By  the  introduction  of  the  low  wattage  tungsten  lamp  of  the 
no  volt  type,  a  means  for  decorative  lighting  with  low  intensity 
at  small  current  consumption  is  provided.  Thus  the  gap  between 
the  low  voltage  and  the  normal  voltage  lamps  has  been  successfully 
filled. 

The  reduction  in  the  size  of  bulb  of  the  40  and  60  watt  lamps 
is  of  great  benefit  in  certain  types  of  lighting.  The  40  watt  tungs- 
ten lamp  can  now  be  substituted  for  the  ordinary  carbon  filament 
lamp  without  any  change  in  the  fixture.  The  60  watt  lamps  are 
now  of  the  same  size  as  the  older  40  watt  lamps.  These  reductions 
in  size  of  bulb  increase  the  extent  to  which  these  lamps  can  be 
applied  to  artistic  lighting  and,  by  approximating  the  size  of  the 
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carbon   lamp,   make   changes   to   higher   candle-power   possible   at 
slight  expense. 

Possibly  the  greatest  advantage  of  the  increased  efficiency  and 
lower  first  cost  of  tungsten  lamps,  is  the  removal  of  the  necessity 
for  extreme  economy.  Now  that  an  abundance  of  light  can  be 
had  at  slight  cost,  and  in  units  to  suit  a  great  variety  of  conditions, 
more  attention  can  be  given  to  securing  pleasing  results  by  the  use 
of  auxiliaries  for  softening  and  directing  the  light.  Heretofore, 
regardless  of  the  benefits  to  be  derived,  it  has  unfortunately  been 
the  case  that  the  application  of  good  lighting  principles  has  been 
very  largely  limited  by  the  first  cost  of  installation  and  operation. 
We  can  now  afford  to  sacrifice  something  in  efiiciency  for  artistic 
effect.  This  is  especially  true  of  residences  and  places  for  public 
or  semi-public  use.  E.  R.  Treverton 


The  use  of  central  station  energy  as  a  source  of 

Getting  a  r  r     i.     • 

.  power   lor  manufacturmg  purposes  is  a   compara- 

Perspective  on 

tivclv    recent    development.      Twenty    years    ago, 
the  Central     ...       .       .  ^  .    .         .         ••     1  r       ,• 

.  illummation  was  regarded  as  the  prmcipal  function 

of   the   "lighting  company".      Since  that  time,   the 

Industry  .,      r    1  .     1     .    ■       •    ,     .  ■  1  11 

growth  of  the  central  station  industrial  power  load 

has  been  exceedingly  rapid— in  fact,  there  are  few  if  any  industries 

which  have  had  such  a  rapid  growth. 

In  the  present  issue  of  the  Journ.\l,  Mr.  A.  E.  Rickards  gives 
some  interesting  data,  based  on  the  latest  United  States  Census  re- 
turns. These  figures  as  presented  are  used  as  the  basis  for  an 
argument  in  favor  of  central  station  service  but,  aside  from  their 
value  for  this  puri)ose,  they  form  food  for  thought  which  should 
cause  all  those  interested  in  jxjwcr  generation  and  utilization  t<i 
look  well  into  Mr.  Rickards  forecast,  as  it  indicates  an  enormous 
expansion  in  the  power  business  before  the  next  census  is  taken. 

Ten  years  ago,  according  to  his  figures,  seven  and  one-half 
percent  of  the  power  used  in  manufacturing  was  electrical.  In 
•  910  this  figure  was  twenty-seven,  an  increase  of  360  percent.  At 
present,  six  and  three-ft)urths  million  horse-power  is  being  fur- 
nished electrically,  and  it  is  estimated  that  l)y  19JO  manufacturing 
establishments  requiring  over  twenty  million  horse-power  will  be 
operated  by  motor  drive.  This  is  over  three  times  the  amount  of 
power  being  supplied  electrically  at  present  and  is  nearly  as  nuicli 
as  the  total  power  now  in  use  for  manufacturing.     At  first  glance 
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such  an  enormous  increase  in  less  than  eight  years  may  seem  some- 
what visionary;  but  the  curves  shown  indicate  that  the  method  of 
forecasting  is  fairly  conservative. 

The  figures  discussed  include  only  the  power  used  in  manu- 
facturing and  do  not  take  into  account  the  growing  present  tendency 
for  central  stations  to  take  over  large  railway  loads,  which  should 
result  in  organizations  still  better  able  to  supply  satisfactory  power 
service  to  large  manufacturing  concerns.  In  addition,  there  is  the 
gradual  knitting  together  of  many  separate  plants  which  has  now 
begun  and  which  will  probably  continue  at  an  increasing  rate,  until 
large  districts  are  supplied  with  electrical  energy  from  one  inter- 
connected network  of  power  lines. 

The  electric  motor,  without  which  this  remarkable  growth 
could  not  have  taken  place,  has  itself  been  greatly  improved  within 
the  last  ten  years.  It  is  now  a  very  sturdy  piece  of  apparatus,  light 
of  weight  and  easy  to  install.  Designs  are  continually  being  devel- 
oped leading  to  an  increasingly  large  number  of  operations  to  which 
the  motor  can  be  applied. 

The  engineering  features  necessary  to  such  a  large  increase  in 
power  supply  appear  to  be  largely  solved.  The  ability  of  central 
stations  to  furnish  continuously  a  uniform  quality  of  power,  and  the 
economics  of  power  application  will  undoubtly  largely  affect  the 
expansion  of  electric  power  utilization  in  the  next  few  years.  Some 
systematic  and  fairly  uniform  method  of  charging  for  power  is  also 
needed.  The  demand  has  increased  so  rapidly  that  there  is  still 
some  uncertainty  as  to  the  proper  basis  of  charging  for  power 
service  of  various  kinds. 

The  public  service  idea,  with  a  fair  and  open  policy  to  the  com- 
munity served,  as  well  as  the  necessary  desideratum  of  good  service, 
will  undoubtedly  feature  largely  in  future  expansions,  and  should 
prove  an  excellent  means  of  helping  to  keep  the  national  power 
load  curve  on  the  predicted  upward  path. 

A.  H.  McIntire 


ILLUMINATION  OF  BUSINESS  STREETS 

G.    W.  ROOSA 

THAT  improved  street  lighting,  characterized  by  predominance 
of  ornamentation  and  increased  illnmination  intensity,  pays 
in  dollars  and  cents  when  lued  in  business  sections  has  been 
considered  axiomatic  by  manufacturer,  engineer  and  user.  As  a  re- 
sult very  few  figures  have  been  presented  on  the  subject.  In  a  pre- 
vious article*  the  author  gave  a  prominent  position  to  the  adver- 
tising value  of  improved  lighting  for  streets  lying  within  the  busi- 
ness section  of  a  city.  A  detailed  investigation  of  ornamental 
street  lighting  conditions  extending  through  twenty-four  states 
brings  out  some  interesting  facts. 

ADVERTISING    VALUE    OF    "WHITE    WAYS" 

To  arri\e  at  the  desiretl  conclusions  a  study  must  be  made  of 
the  relation  of  the  advertising  value  of  illumination  to  its  cost. 
Notwithstanding  the  fact  that  the  value  of  the  modern  ornamental 
business  street  installation  is  composed  of  several  other  important 
factors,  such  as  the  aesthetic  and  architectural  improvements  in- 
volved, the  attraction  of  i)eople  to  the  town  or  streets  so  lighted, 
the  decrease  of  accidents  in  spite  of  increased  traftic  and  the  spec- 
tacular effect  produced  at  night,  the  desired  figures  will  be  most 
closely  api^roximated  by  a  consideration  only  of  advertising  value 
to  the  average  merchant,  as  represented  by  the  effect  upon  his 
business.  It  goes  without  saying  that  the  location  of  the  street, 
the  size  of  the  city  and  the  characteristics  of  the  merchants  or  con- 
cerns doing  business  on  that  street  will  modify  the  results. 

The  average  annual  cost  per  foot  frontage  to  the  merchant, 
as  indicated  by  our  modern  "white  way"  systems,  is  ninety  cents. 
This  means  forty-five  dollars  a  year  to  the  man  with  a  luiilding 
having  a  fifty  foot  front.  The  replaced  sy.stem  i»f  lighting  main- 
tained through  the  taxes  or  directly  by  the  mcrchaiUs  or  owners 
under  average  conditions  may  have  cost  anywhere  from  ten  to 
f(uty  cents  per  front  foot,  depending  upon  the  system  and  the  lo- 
cal conditions.  Assuming  an  average  of  twenty-five  cents,  gives 
an  increase  in  cost  per  foot  front  per  annum  of  sixty-five  cents. 
This  means  thirty-two  dollars  and  fifty  cents  actual  cost  to  the 
merchant  having  a  fifty   foot    frontage.     Assuming  then,  that   his 
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business  is  such  that  the  actual  profits  are  ten  percent  of  the  total 
annual  business,  the  improvement  will  pay  him  in  dollars  and  cents 
when  it  increases  his  annual  business  by  an  amount  greater  than 
three  hundred  and  twenty-five  dollars. 

The  effect  of  the  "white  way"  is  perhaps  more  readily  seen 
in  some  classes  of  business  than  in  others.  The  amusement 
theatres  and  the  cigar  stores  realize  immediately  the  advertising 
value  Oi  the  new  system.  These  are  of  the  class  that  remain  open 
six  or  seven  nights  a  week.  Usually  they  deal  in  small  commodi- 
ties. Another  class  includes  the  department  stores,  the  clothiers 
and  the  markets  who  are  open  but  one  or  two  nights  a  week.  As 
they  deal  in  larger  commodities  they  receive  a  proper  portion  of 
the  benefits.  A  third  class,  which  includes  the  banker,  the  builder, 
and  such  concerns  as  seldom  do  business  after  sunset,  profits  in- 
directly by  the  impulse  given  the  other  local  business  activities. 

At  the  present  time  extended  inquiries  on  this  subject  are  be- 
ing made  from  which,  although  the  investigation  is  not  completed, 
the  indications  are  that  all  classes  of  business  should,  under  ordin- 
ary conditions,  find  "white  way"  lighting  a  paying  investment. 
The  cafe,  the  amusement  theatre,  the  drug  and  confection  store, 
the  barber  shop  and  the  tobacco  store  do  a  large  business  during 
the  hours  of  artificial  illumination.  Although  their  commodities 
are  small  they  appeal  to  the  strolling  class  of  people  brought  to 
the  street  by  the  brighter  illumination.  Jewelers,  clothiers,  flor- 
ists, dentists,  department  or  furniture  stores,  open  but  one  or  two 
evenings  a  week,  catch  the  people  who  are  busy  during  the  work- 
ing hours  and  have  only  the  evenings  in  which  to  shop.  Further, 
their  business  is  increased  somewhat  in  the  hours  of  daylight  by 
the  increase  of  habitual  traffic.  Two  forces  of  habit  act  to  build 
up  business  on  the  street ;  first,  the  public  accjuires  unconsciously 
the  habit  of  using  it  by  night  and  day,  soon  giving  it  preference 
over  other  routes ;  second,  the  natural  response  to  the  impulse  to 
purchase  articles  invitingly  displayed  by  the  progressive  merchants. 
For  instance,  the  average  man  will  buy  a  pretty  tie  through  the 
desire  created  by  the  sight  of  one,  though  the  necessity  of  a  tie 
may  have  been  farthest  from  his  mind  when  entering  the  street. 

PRINCIPLES   OF   GOOD   ILLUMINATIONS 

The  problem  of  good  illumination  for  the  business  street  is 
not  unlike  that  of  proper  illumination  for  interiors  and  semi-in- 
teriors. The  progress  of  lighting  for  the  two  latter  requirements 
has  found  three  steps.     First,  the  use  of  unscientific  units  placed 
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in  a  "hit  or  miss"  manner  and  givinjj  a  lij^ht  insufticient  in  quan- 
tity, impri)per  in  color,  and  of  inetlicicnt  directicMi.  Second,  the 
use  of  suflicient  illumination  as  given  by  the  units  of  higher  efti- 
ciency  and  candle-power.  Many  of  them  were  not  covered,  thus 
causing  glare  and  practically  spoiling  the  effectiveness  of  the  il- 
lumination. Third,  the  api)roximation  of  natural  illumination  by 
the  combination  of  sufficient  intensity  with  proper  precauticni  to 
assure  minimum  glare  and  desirable  color.  The  progress  of  in- 
terior illumination  and  semi-interior  (show  window)  illumination 
has  now  reached  the  third  stage  through  the  use  of  diffusing 
globes,  shades,  reflectors,  concealed  lighting  units,  and  indirect  or 
semi-indirect  systems. 

To  expect  the  same  steps  of  progress  in  all  classes  of  street 
lighting  would  be  absurd,  particularly  so  in  residence  or  outlying 
districts,  because  here  "street  lighting"  or  "way  marking"  only  is 
required.  However,  the  problem  of  the  business  section  has  de- 
veloped into  one  of  "illumination,"  the  ultimate  results  being  sim- 
ilar to  those  of  indoor  illumination  through  close  adherence  to 
the  same  good  qualities.  This  should  come  about  by  the  use  of 
proper  mounting  heights,  illuminants  of  maximum  efficiency  and 
desirable  color  value,  and  efficient  diffusing  glassware.  Although 
it  will  be  impossijjle  to  make  use  of  large  diffusing  surfaces,  per- 
forming the  same  function  as  ceilings  in  the  indirect  and  semi- 
indirect  systems,  this  principle  could  Ije  employed  in  some  cases  by 
concealing  or  partly  concealing  the  light  sources.  There  is  an  in- 
creasing tendency  in  business  street  illumination  toward  the  de- 
velopment of  the  more  subdued  aesthetic  qualities  of  interior  il- 
lumination and  away  from  the  flashing  brilliancy  and  the  vulgarity 
of  harsh  glare.  Through  the  advance  made  in  high  efficiency  arc 
and  incandescent  lamps  i)ractically  uniform  illumination  on  the 
street  and  sidewalks  is  being  obtained. 

lUit  little  variance  in  opinion  appears  to  exist  on  the  (|uestion 
of  illuminating  the  building  faces.  As  the  architectural  appearance 
may  be  greatly  altered  by  varying  the  direction,  intensity,  and  color 
of  light,*  the  illumination  should  be  such  as  to  produce  an  effect 
as  near  as  possible  to  that  i)ro(hKe(l  bv  divlii,dit.  I'>y  taking 
into  consideration  the  characteristics  most  probable  in  artificial 
illumination  as  well  as  in  daylight,  the  architect  would  lend  con- 
siderable to  the  improvement  of  our  business  streets.  .\n  illustra- 
tion of  such  co()pcration  is  found  in  the  illumination  of  the  build- 


♦"Light  and  .Xrt."  by  M.  Luckicsh.  "Lighting  J<nirnnl,'  Marcli.  iQiJ- 


500 


THE  ELECTRIC  JOURNAL 


ing  of  the  Denver  Gas  &  Electric  Company,  Denver,  Colorado, 
Fig.  I.  The  building  is  not  only  outlined  by  incandescent  lamps 
but  the  facade  and  cornice  details  are  made  to  stand  out  at  night 
with  wonderful  detail. 


FIG.    I— ILLUSTRATION   OF   THE  DENVER   GAS    &   ELECTRIC    COMPANY'S   BUILDING, 

DENVER,   COLORADO 

An  example  of  the  results  of  cooperation  o^f  illuminating  engineers  and 
architects. 

However,  from  the  utilitarian  point  of  view  it  is  desirable  to 
have  a  low  illumination  intensity  on  the  building  fronts  as  com- 
pared with  the  intensity  on  the  streets.     In  fact,  the  employment 
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of  high  intensity  units,  especially  when  mounted  low,  gives  so  much 
light  in  the  direction  of  the  display  windows  that  a  detracting  ef- 
fect is  produced.  The  effect  of  the  improved  illumination  on  the 
display  window  is  a  serious  consideration  in  such  a  case,  as  it  re- 
quires an  intensity  on  the  displayed  objects  economically  unobtain- 
able. The  ratio  of  the  semi-interior  illumination  to  the  exterior 
illumination  should  be  such  that  the  whole  window  stands  out 
clearly.  The  window,  of  course,  will  not  be  thoroughly  effective 
without  contrasty  arrangement  and  complete  elimination  of  bare 
lighting  units.     Fig.  2  shows  such  a  window. 

It  is  right  for  us  to  hesitate  in  suggesting  the  elimination  of 
the  present  day  electric  sign  from  our  modern  "white  way,"  but 


The   notable    features   are  contrast    and    lack   of   glare. 

it  is  !)clicvcd  that  business  streets  in  the  future  will  be  made  at- 
tractive by  a  tyi)e  of  different  design,  one  more  subdued  and  based 
on  the  artful  control  of  light  rays — their  direction,  intensity  and 
color — upon  objects  or  pictures,  the  light  sources  being  completely 
concealed.*  However,  wc  do  not  wish  to  be  interpreted  as  advo- 
cating the  discarding  of  all  bare  lamp  signs.  It  is  suggested  that 
these  signs  will  be  removed  from  the  lower  stories  and  found  in 
large  numbers  on  the  roofs  of  buildings  standing  out  clearly 
against  the  blackness  of  the  night. 

•"Light  and  Art,"  by  Mr.  M.  Luckiesh,  "Lighting  Journal,"  March,  1913 


NOTES  ON  STEEL  MILL  LIGHTING 

C.  E.  CLEWELL 

Department  of  Electrical  Engineering-,  Siieffield  Scientific  School,  Yale  University 

LARGE  areas,  dark  surroundings,  high  roof  trusses  and  ex- 
tensive yards  are  features  which  must  be  given  special  at- 
tention by  the  electrical  departments  of  steel  mills  when  plan- 
ning artificial  lighting.  The  magnitude  of  the  buildings  makes  the 
subject  unusual  and  gives  it  an  interest  somewhat  different  from 
that  of  the  lighting  in  smaller  shops  or  factories.    In  an  engineer- 
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FIG.   I  FIG.  2 

FIG.    r PLAN    AND   ELEVATION    OF   OPEN    HEARTH    FURNACE    BUILDING 

Showing  suggested  arrangement  for  flame  carbon  arc  lamps. 

FIG.  2 — POOR  ARRANGEMENT  OF  LAMPS   IN  A  REPAIR  SHOP 

The  lamps  are  of  the  enclosed  arc  type  and  have  been  added  from  time 
to   time  as   required. 

ing  investigation  of  lighting  conditions  in  a  number  of  steel  plants, 
observations  and  tests  were  made  in  a  large  variety  of  locations,  and 
this  article  describes  some  of  the  points  of  interest  involved. 

The  original  application  of  electricity  in  most  steel  plants  was 
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for  arc  and  incandescent  lighting.  Later  electric  motors  were  adapt- 
ed to  some  of  the  operations,  and  the  introduction  of  motors  has 
had  a  considerable  influence  on  the  electric  circuits  installed.  Thus, 
220  volt  direct-current  circuits  predominate  in  some  cases  to  accom- 
modate the  variable  speed  direct-current  motor.  More  recently  al- 
ternating current  has  come  into  service,  and  its  use  will  naturallv 
increase  as  the  alternating-current  motor  is  applied  to  a  larger  va- 
riety of  operations. 

In  some  of  the  older  mills  where  220  volt  direct-current  is  used 

exclusively,  the  righting  im- 
provements are  somewhat  hin- 
dered by  the  limitations  placed 
on  the  selection  of  the  type  of 
lamp.  The  power  require- 
ments are  in  general  so  much 
larger  than  those  for  lighting, 
that  a  change  in  the  circuits 
to  accommodate  new  types  of 
lamps  is  not  a  popular  consid- 
eration, although  the  many  ad- 
vantages of  separate  lighting 
circuits  will  doubtless  result 
in  the  installation  of  suitable 
:ircuits  to  accommodate  the 
type  of  lamp  best  adapted  to 
particular  conditions.  These 
remarks  refer  especially  to  the 
mills  visited,  and  conclusions 
are  thus  based  on  si)ecific  rath- 
er than  general  observations. 
Steel  mill  work  covers  such 

FU;.      3 — L.^RGK.      MACIIINF.      SHOP      WHKkK 

MKKriRv  v.\poR  LAMPS  ARK  fSF.D         •!     widc     raugc     tluit     scvcral 

The  illumination   is  uniform  but   not   tv])ical     buildings    arc    selected 
adequate  for  close  work  unless  an  indi- 
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on    which    to   base   the   discus- 


sion, as  f()IK)Ws:  ( )pcn-heartii 
furnaces,  machine  shops,  foundries,  pattern  shopss  and  loading 
sheds,  to  which  has  been  added  yard  lighting. 

Taking  these  locations  as  a  whole,  several  points  deserve  em- 
phasis at  the  outset : 

I — In  many  of  the  buildings  illumination  of  low  intcnsiiy  irom 
over-head  lamps  is  all  tliat  is  required  to  permit  the  workmen  to  get 


504  THE  ELECTRIC  JOURNAL 

around  without  risk.  The  general  ilkimination,  however,  should 
be  considerably  higher  than  is  found  in  most  cases  at  present. 

2 — Over-head  lamps  should  be  high  enough  to  avoid  glare,  al- 
though the  cranes  nearly  always  makes  this  a  necessary  condition. 

3 — If  the  lighting  circuits  are  kept  entirely  separate  from  power 
service,  the  illumination  will  be  far  more  steady  than  otherwise. 
However,  the  power  requirements  are  so  large  in  comparison  to  the 
lighting  that  the  tendency  is  to  connect  lamps  to  the  power  mains. 

4 — Much  of  the  work  makes  it  impractical  for  the  workmen 
to  be  encumbered  with  hand  lamps.  In  these  cases  adequate  illumi- 
nation from  overhead  lamps  is  an  economic  necessity. 

5 — The  great  variety  of  working  operations  requires  a  selection 
of  the  type  and  size  of  lamp  suitable  for  the  purposes  involved. 


FIG.    4 — REPRODUCED   FROM    A   PHOTOGRAPH   TAKEN    AT    NIGHT    IN    THE 
MACHINE   SHOP   SHOWN    IN   FIG.   3 

6 — The  yards  should  be  provided  with  lamps  spaced  to  furnish 
a  fairly  uniform  light  of  low  intensity  to  facilitate  the  transporta- 
tion of  materials  between  buildings  with  dispatch  and  to  prevent 
accidents.  Guide  posts  with  lamps  are  needed  for  walkways  and 
passages,  and  the  manv  gauges  in  the  various  buildings  require 
small  lamps  properly  shaded  and  placed. 

OVER-HEi^D  LIGHTING  MOST  IMPORTANT 

The  matter  of  providing  plenty  of  light  from  lamps  mounted 
near  the  roof  is  one  of  peculiar  difficulty,  because  of  the  very  large 
areas  coupled  with  the  relatively  small  number  of  men  often  em- 
ployed in  given  buildings.     This  feature  makes  it  a  question  as  to 
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where  the  economy  will  be  effected  by  installing  a  larger  rather  than 
a  smaller  number  of  lamps  for  a  given  floor  space.  As  is  usual  in 
similar  cases,  the  indirect  advantages  must  be  given  due  weight. 
Where  the  floor  space  is  occupied  by  a  relatively  large  number  of 
workmen,  the  most  ajiparent  gain  from  superior  light  is  in  the 
wages  saved  for  particular  operations,  or  in  the  larger  and  better 
output  for  given  labor  expense.  In  many  steel  mills,  however,  the 
rating  of  the  departments  is  based  on  tomiage  output.  A  fairly 
large  increase  in  lighting  equipment  would  be  warranted  if  it  could 
be  shown  that  the  accompanying  expense  resulted  in  a  small  gross 
tonnage  increase  for  tlie  entire  plant.  Any  increase  in  the  output 
is  influenced  by  so  many  factors  that  it  is  difficult  to  separate  distinct 


KU;.    5 — MACHINE    SHOP 

Reproduced  from  a  photograph  taken  at  night  in  a  machine  shop  wlicre 
enclosed  carbon  arc    lamps  are  used. 

advantages  as  a  result  of  any  one  of  these  factors,  like  illumination. 
Steel  mill  suj)erintendents  realize,  however,  the  general  improved 
workmanship  in  buildings  where  adequate  light  is  provided. 

Again,  defective  work  is  often  the  cause  of  large  losses,  and 
this  may  result  either  in  the  operations  themselves,  or  by  the  pass- 
ing of  a  defective  piece  by  an  inspector,  which  must  go  through  sub- 
sequent operations.  Good  light  supplied  just  where  needed  will 
thus  often  more  than  pay  for  itself.  These  features,  when  taken 
in  conjunction  with  other  secondary  advantages,  will  usually  out- 
weigh the  objections  raised  against  the  equipment  of  the  very  large 
buildings  with  sufticient  illumination  from  over-head  lamps. 
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The  foregoing  economic  relations  become  most  important  when 
one  considers  that  many  of  the  large  steel  mills  have,  during  the 
past  few  years,  installed  over-head  lighting  systems  in  some  of  their 
largest  buildings,  which  under  test  have  proved  to  be  insufficient 
for  the  proper  lighting  of  the  work.  Most  of  these  more  recent 
installations  are  a  great  improvement  over  former  conditions,  but 
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FIG.   6  FIG.    7 

FIG.    6 — PLAN    AND   ELEVATION    OF   LARGE    FOUNDRY 

Showing  suggested  arrangemeriit  for  flame  cabon  arc  lamps. 

FIG.   7 — PLAN   AND   ELEVATION   OF    SMALL   FOUNDRY 

Using   five   Iiundred   watt   tungsten   lamps   with    white   enamel   shades. 

further  advances  are  necessary  before  the  general  lighting  of  the 
various  buildings  is  entirely  satisfactory. 

Another  feature  of  a  different  kind  connected  with  many  pres- 
ent over-head  lighting  systems  is  in  large  discrepancies  regarding 
standards  of  illumination  intensity  for  given  classes  of  Avork.  While 
it  is  hardly  practical  to  lay  down  hard  and  fast  rules  for  the 
amount  of  light  required  for  certain  operations,  it  is  an  accepted 
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fact  that  a  fairly  definite  amount  is  needed  for  given  forms  of 
work.  To  find  two  sets  of  men  cng-aged  on  similar  work,  and 
one  groui)  supplied  with  two  and  even  three  hundred  percent  more 
light  than  the  other,  is  obviously  an  unfortunate  policy.  It  is 
stnjngly  recommended,  therefore,  that  all  lighting  improvements  be 
given  study,  so  that  the  quantity  of  light  furnished  may  be  com- 
parable with  the  needs  of  the  case. 
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selves  is  an  aid  to  the  workmen  in 
getting  about.  This  light,  however, 
is  intermittent  and  the  contrasts  are 
great.  While  the  amount  of  arti- 
ficial light  required  is  smaller  than  in 
a  majority  of  the  buildings,  some 
general  illumination  is  necessary  to 
secure  the  most  effective  work  and 
to  reduce  the  liability  of  accidents. 
In  some  open-hearth  buildings,  the 
space  back  of  the  furnaces  is  used 
for  loading  purposes,  and  here  the 
light  from  the  furnaces  is  usually  not 
sufiicient  to  be  of  much  use.  Fig.  r 
shows  the  plan  and  elevation  of  a 
portion  of  an  open-hearth  furnace 
building,  where  the  arrangement  of 
lamps  has  been  planned  for  a  moder- 
ate illumination  intensity,  sufficient  to 
meet  the  requirements  when  the  light 
FIG.  8 — pL.\.\  ANn  KLFAATioN  OF     from  tlic  fuTuaccs  is  low.      The  illu- 

Five  humlmr^'watT'tungstcn     "li^'iti""  furnishc.l  ..n  the  floor  space 
lamps    cquijipcd    with    enamel     in    some   of   these   buildings   amounts 

shades  are  used.  .  i  n    r        ,•  :  r      * 

to  only  a  small  fraction  ot  one  foot- 
candle  by  test,  but  where  the  lamps  are  so  widely  scattered  as  to  re- 
sult in  these  very  low  intensities,  the  artificial  light  at  night  is  prac- 
tically useless  and  the  workmen  must  depend  altogether  on  the  inter- 
mittent light  from  the  furnaces,  or  get  about  with  difficulty  umler 
the  meagre  light  from  the  few  arc  lamps.  The  fact  that  work  is  con- 
ducted at  night  under  such  conditions  is  no  argument  against  the 
installation  of  better  lighting,  because  it  is  obvious  from  observa- 
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tions  that  better  and  more  rapid  work  would  be  quite  possible  if 
the  men  were  able  to  see  where  they  are  walking  all  of  the  time. 

MACHINE    SHOPS 

Sometimes  the  machine  shop  is  merely  an  auxiliary  to  the 
steel  plant  where  repair  work  is  done  from  time  to  time.  In  other 
cases  the  output  of  the  plant  consists  of  machine  shop  construc- 
tion. In  the  latter,  artificial  light  has  a  definite  place  in  the  econ- 
omy of  production.  Fig.  2  shows  the  plan  and  elevation  of  such  a 
building  where  repair  work  is  performed.  This  work  is  intermit- 
tent, and  varies  so  that  the  shop  is  sometimes  crowded  with  work- 
men and  at  other  times  the  work  is  slack.  Due  to  this  feature  the 
lighting  has    followed  no  definite  plan,   but   arc  lamps  have  been 


FIG.    9 REPROUUCKD    FROM    A    PHOTOGKAPH    TAKEN    AT    NIGHT    UNDER    THE 

TUNGSTEN   LAMPS  AS    SHOWN   IN   FIG.   8 

added  here  and  there,  as  required.  The  illustration  shows  the  very 
irregular  arrangement  of  lamps  which  is  apt  to  result  when  no  sys- 
tem is  observed  in  the  placing  of  lamps,  and  in  this  particular  lo- 
cation the  light  is  poorly  distributed,  and  so  inadequate  near  the 
two  side  walls  that  work  on  the  benches  along  these  walls  is  prac- 
tically an  impossibility  at  night. 

A  shop  where  some  of  the  important  operations  connected  with 
production  are  carried  on  is  shown  in  Fig.  3.  The  central  aisle 
is  very  high  and  the  building  as  a  whole  consists  of  some  twenty 
or  thirty  bays  of  the  size  shown  in  the  illustration.  Here  the  light- 
ing has  been  carefully  planned  and  tests  show  it  to  be  uniform,  but 
inadequate  for  close  work,  unless  individual  lamps  are  placed  on 
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the  machines.  Tests  show  that  the  ilkimination  intensity  on  the 
working  plane  is  about  one  foot-candle,  while  the  intensity  directly 
under  an  individual  lamp  amounts  to  about  five  foot-candles.  It 
is  a  question  whether  enough  lamps  could  economically  be  provided 
here  to  make  the  use  of  hand  lamps  unnecessary.  The  floor  area 
is  so  large  and  the  mounting  height  so  great  that  adequate  light  on 
the  work  would  mean  a  very  much  larger  expenditure  for  over- 
head lamps.  On  the  other  hand,  it 
would  be  decidedly  advantageous  to 
plan  such  an  installation  so  as  to  fur- 
nish intensities  of  higher  value  to  the 
work.  One  foot-candle  is  hardly  suf- 
ficient for  even  coarse  work,  and  the 
many  operations  which  call  for  free- 
dom from  hand  lamps  could  be  much 
easier  carried  on  if  more  over-head 
lamps  were  available.  Fig.  4  is  re- 
produced from  a  photograph  taken 
under  the  artificial  light  in  the  loca- 
tion of  Fig.  3.  From  this  illustration 
tration  some  idea  can  be  gained  of  the 
uniformity  of  the  light  on  the  work 
and  the  relative!}'  low  shadow  effect, 
b'ig  5  is  a  view  of  another  shop  where 
enclosed  carbon  arc  lamps  are  used 
successfully. 

^........... J  THE    FOUNDRY 
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FU..   10 — PLAN  AND  ELEVATION  OF  ' 

A  LOADING  SHED  dirt   ill   tlic   uir   makes  the   lighting  of 

Flame  canljon  arc  lamps  are  these    buildings    difficult.     Where    the 
used.  ° 

lamps  may  be  mounted  comparatively 

low,  the  effect  of  the  heavy  dusty  atmosphere  in  reducing  the 
Iiglit  is  somewhat  offset,  but  for  high  mounting  the  lamps  nui.st 
be  capable  of  penetrating  the  dust  and  steam,  and  should  not 
rapidly  deteriorate  with  the  accompanying  accunuilations  of  dirt 
on  the  lighting  units.  The  mercury  vapor  lamp  and  the  flame  car- 
bon arc  lamp  have  proved  to  be  well  adapted  to  many  foundries.  In 
some  cases  the  tungsten  lamp  is  used,  but  its  deterioration  with  dirt 
accumulations  makes  it  somewhat  less  suitable  for  the  majority  of 
cases. 

The  dark  surroundings  and  the  nature  of  the  work  with  the 
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dark  surfaces  and  deep  openings  makes  it  necessary  to  consider  a 
high  intensity  of  illumination  and  to  furnish  adequate  light  on 
the  sides  of  the  work  with  as  little  shadow  as  possible.  It  is  ap- 
parent that  slight  shadows  may  be  an  advantage  in  the  finishing 
of  the  moulds,  specially  when  certain  uneven  places  must  be  de- 
tected, but  the  heavy  shadows  cast  by  a  man  when  the  light  is 
received  from  a  single  intense  lamp,  should  be  avoided  by  using 
several  lamps  to  illuminate  each  portion  of  the  work.  In  other 
words,  a  relatively  large  number  of  medium  sized  lamps  is  here 
preferable  to  a  small  number  of  very  large  lamps. 

To  provide  against  deterioration  of  the  lamps  from  dust  and 
dirt,  the  lighting  should  be  of  a  somewhat  higher  intensity  than 
necessary  at  the  start,  thus  allowing  a  factor  of  safety.  This 
feature  will  help  in  the  maintaining  of  adequate  intensities,  but  the 
regular  upkeep  of  the  lamps  in  renewals,  cleaning  and  repairs,  is 
also  very  necessary.  Fig.  6  shows  the  design  suggested  for  a  large 
foundry  by  means  of  the  flaming  carbon  arc  lamp.  The  arrange- 
ment of  the  lamps  is  symmetrical  and  the  mounting  height  brings 
the  lamps  well  above  the  line  of  vision.  Fig.  7  shows  a  small  foun- 
dry building,  where  there  is  not  much  dirt  in  the  air,  and  here  500- 
watt  tungsten  lamps  are  used  with  satisfaction. 

PATTERN  SHOPS 

A  pattern  shop  is  found  in  conjunction  with  nearly  all  steel 
mills,  and  it  is  usually  the  one  building  where  the  surroundings 
are  bright  and  relatively  clean.  The  natural  surfaces  of  the  work, 
being  light  in  color,  make  the  limiting  problem  quite  simple.  Tung- 
sten lamps  possess  many  advantages  in  connection  with  these  build- 
ings, and  Fig.  8  shows  a  typical  floor  where  the  lamps  are  not  ar- 
ranged entirely  symmetrically,  but  so  as  to  take  care  of  the  main 
portions  of  the  work.  Five-hundred  watt  lamps  are  employed  with 
white  enamel  shades,  and  the  effect  is  very  satisfactory.  Fig.  9 
is  reproduced  from  a  photograph  taken  under  the  lamps  shown  in 
Fig.  8.  Tests  show  the  average  intensity  of  the  illumination  to 
be  two  foot-candles  in  this  location,  and  the  light  is  fairly  uniform, 
notwithstanding  the  fact  the  lamps  are  spaced  somewhat  irregularly. 

LOADING  SHEDS 

Where  much  of  the  output  consists  of  rolled  iron,  boiler  heads, 
and  other  shapes,  the  material  is  stored  in  sheds,  commonly  called 
"loading  banks,"  into  which  the  cars  are  run  for  loading.  The  work, 
while  intermittent,  is  usually  carried  on  with   dispatch  to  prevent 
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delays  in  holding  the  cars,  as  well  as  for  quick  shipment.  The  floor 
areas  are  often  large,  but  the  number  of  men  employed  relatively 
small.  Moreover  the  work  is  apt  to  l)e  localized  at  certain  banks 
of  material,  so  that  general  illumination  over  the  entire  building 
is  not  required  at  all  times. 

Due  to  the  large  areas,  the  lamps  are  generally  spaced  far 
apart,  and  the  light  is  thus  poor  at  all  places.  To  offset  this  dif- 
ficulty, a  more  liberal  number  of  lamps  is  needed  with  a  switching 
arrangement,  so  that  lamps  in  unused  portions  of  the  floor  may  be 
turned  off.  In  this  way,  the  space  being  used  at  any  one  time  can 
be  furnished  with  plenty  of  light  and  the  work  made  correspond- 
ingly easier.  Another  feature  in  the  handling  of  heavy  shapes,  is 
the  risk  of  accidents  at  night,  and  this  risk  is  much  reduced  if  ade- 
(luate  light  is  available.  A  plan  and  elevation  of  a  typical  loading 
bank,  where  large  lamps  of  the  flame  carbon  type  are  used,  is 
shown  in  Fig.  10.  The  lighting  is  fairly  uniform  here,  but  the 
shadows  are  very  marked  and  are  objectionable  in  the  corners  of 
the  building.  The  effect  would  be  very  much  improved  by  the  use 
of  more  lamps  of  smaller  size,  although  the  scheme  indicated  in 
the  illustration  answers  quite  well  for  ordinary  purposes,  and  espe- 
cialy  so  where  the  work  is  not  steady  in  any  one  place.  Tests  show 
the  average  intensity  of  the  illumination  here  to  be  about  one  and 
one-half  foot-candles. 

YARDS 

The  yards  about  siteel  mills  are  often  used  a  great  deal  at  night 
for  the  shifting  of  cars,  and  the  transportation  of  materials  between 
buildings  and  away  from  the  plant.  In  the  larger  mills  the  yards 
have  become  so  vast  tiiat  the  problem  of  sufficient  lighting  is  one 
real  help  in  the  work  carried  on  there.  I'^ig.  1 1  will  give  some  idea 
of  the  spacing  distances  between  lamps  found  in  practice.  This  in- 
stallation is  not  intended  to  serve  as  a  standard,  for  the  light  in  this 
particular  instance  is  poorly  distributed,  and  there  are  many  dark 
corners  and  dangerous  passages.  The  diagram  docs  show,  how- 
ever, a  good  scheme  for  laying  out  the  yard  in  diagrammatic  f<^rm. 
and  on  such  a  diagram  the  poles  for  the  lamps  may  be  spaced  with 
regard  to  the  entrances  to  buildings  and  the  storage  of  materials. 

In  one  large  yard  the  quartz  mercury  vapor  lamp  is  being  used 
successfully.  These  lamps  possess  a  very  high  candle-power,  and 
are  mounted  on  poles  60  feet  above  the  ground.  Tests  under  these 
lamps  show  an  excellent  distribution  of  the  light  over  a  large  area 
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for  each  lamp,  the  appearance  to  the  eye  at  night  being  some- 
what similar  to  bright  moonlight. 

GENERAL  ITEMS 

From  numerous  tests  made  in  the  various  buildings  of  the 
plants  visited,  Table  I  has  been  compiled.  The  engineering  data 
contained  in  this  table  gives  an  idea  of  the  intensities  of  light  which 
are  being  used  in  many  of  the  mills,  and  the  general  statement  may 
be  made  that  these  intensities  are  considerably  lower  than  is  re- 
quired for  the  various  operations.  In  comparison  with  former  con- 
ditions, however,  the  present  lighting  facilities  represented  by  the 
tests  are  in  many  instances  great  improvements.    The  presence  of 
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FfG.    II — PLAN    OF    YARD 

Showing  the  arrangement   of   arc  lamps,   and   some  of   the 
spacing  distances  found  in  practice. 

red  hot  metal  in  some  of  the  buildings  and  in  the  yards  is  some- 
of  considerable  expense  if  the  light  is  to  be  sufficient  to  serve  as  a 
times  used  as  an  argument  against  the  introduction  of  better  light- 
ing. The  light  from  hot  metal  is  intermittent  and  the  contrasts  are 
correspondingly  great,  making  the  dark  periods  more  noticeable 
than  otherwise.  For  taking  account  of  the  dark  intervals  and  for 
preventing  accidents,  artificial  light  in  reasonable  quantities  should 
be  furnished  even  where  some  light  is  available  from  the  metal. 

In  perhaps  no  other  class  of  work  is  there  so  much  dust  and 
dirt  present.  Lamps  of  all  types  suffer  rapid  deterioration  under 
the  circumstances,  and  the  necessity  for  systematic  upkeep  is  even 
greater  than  in  other  plants.   Maintenance  is  apt  to  be  neglected,  un- 
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less  there  is  a  regular  department  for  taking  care  of  the  work,  and 
to  this  end,  it  is  recommended  that  the  electrical  departments  con- 
nected with  steel  mills  adopt  the  method  of  inspecting  and  main- 
taining of  electric  lighting  apparatus  which  has  proved  so  beneficial 
in  other  manufacturing  plants. 

Aside  from  the  regular  buildings  there  is  generally  a  power 
house,  often  of  large  size,  in  connection  with  the  steel  plant.  One 
of  these  power  houses  is  shown  in  Fig.  12,  where  mercury  vapor 
lamps  are  mounted  45  feet  above  the  floor.  It  is  of  interest  to  note 
that  the  instruments  on  the  switchboard  on  the  right  of  the  illustra- 
tion can  be  read  at  night  with  ease  from  the  light  furnished  by 


FIG.    12 — POWER   STATION 

Reproduced    from   a   photograph    taken    at   night    under    the    light    from 
mercury  vapor  lamps  mounted  45  ft.  above  the  floor. 

lamps  45  feet  overhead.     The  distribution  of  the  lamps  is  so  well 
arranged  that  the  entire  room  is  well  lighted. 

The  electrical  department  of  a  steel  mill  is  a  well  defined 
portion  of  the  plant  organization.  Such  departments  have  the  op- 
portunity to  inform  those  responsible  for  the  outlays  for  lighting 
equipment  as  to  the  many  indirect  advantages  of  adequate  illumi- 
nation. Attention  to  these  indirect  advantages  should  become  a 
study  with  the  heads  of  such  departments,  and  as  they  become  more 
familiar  with  the  influence  of  good  light  on  the  various  operations 
of  the  plant,  a  new  viewpoint  thus  gained  will  undoubtedly  result 
in  higher  standards  of  light  than  are  found  in  most  of  the  mills 
at  the  present  time. 


A  TWO-AND-A-HALF-BILLION  DOLLAR  ARGUMENT 
FOR  CENTRAL  STATION  SERVICE 

A.  E.  RICKARDS,  Manager 
Industrial  Engineering  Company,  Pittsburgh,  Pa. 

EITHER  a  two-and-a-half-billion  dollar  mistake  has  been  made 
by  some  of  the  ablest  business  brains  in  the  United  States, 
or  else  the  central  station  principle  of  power  production  is 
right  and  the  isolated  plant  principle  is  wrong.  Twenty-five  hund- 
red million  dollars  is  the  total  capital  now  invested  in  electric  pow- 
er companies,  and  this  does  not  include  electric  railways.  Two 
billion,  five  hundred  million  dollars  is  more  than  the  total  capitali- 
zation of  any  one  manufacturing  industry  in  this  country  except 
iron  and  steel.  It  is  not  likely  that  all  of  the  men  handling  this 
tremendous  investment  have  made  a  mistake.     This  investment  has 


TABLE  I    COMPARISON  OF  CENTRAL  STATION  CONDITIONS 

1                        1 

Percent    , 

Items 

1902                 1907                 1912 

increase 

i 

in  10  years 

I — Number     of     central 

. 

stations    in    U.    S.... 

3620                 4712                6128 

69.4 

1  2 — Combined    capital. . . 

$504  740  352   $  I  006  913  622  $2  500  000  000 

397 

3 — Combined         primary 

hoTse-power    capacity 

I  830  594           4  032  365           9  476  057 

417 

4 — Total     income     from 

commercial    lighting. 

$70  138  147   $    1-^5  755  144  $   238  974  7i6 

226 

5 — Total     income     from 

power    

$9910217   $   28511550    $     85534650 

764 

6 — Gross     income    .(In- 

' 

cludes     street     light- 

1 

ing,    etc.) 

$85700605   $    175642338$   377  630  81 1 

340 

not  been  incurred  i)rincipally  to  develop  residential  lighting,  as 
may  be  seen  from  Table  I,  which  is  based  on  the  latest  census 
data. 

Item  2  shows  that  the  combined  capital  of  the  central  stations 
m  this  country  has  increased  practically  400  percent  during  the 
last  ten  years.  In  other  words,  four-fifths  of  the  present  invest- 
ment has  been  made  during  this  period.  Item  3  shows  that  this 
mcrease  has  been  accom])anied  by  a  corresponding  increase  (417 
percent)  in  the  primary  horse-power  of  central  stations.  Power 
can  only  be  produced  by  machinery  and  machinery  must  be  paid 
for.  The  fact  that  the  cost  of  the  additional  machinery  required 
to  produce  the  additional  horse-power  corresponds  roughly  with 
the  increase  in  capitalization,  indicates  that  the  increase  in  capital 
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was  not  simply  an  increased  issue  of  stock.  Items  4  and  5  show 
that  while  the  income  from  commercial  lighting  has  increased  226 
percent  during  the  past  ten  years,  the  income  from  industrial  pow- 
er has  increased  764  percent.  As  every  central  station  man  knows, 
the   possibilities   of    profit   from   power   business    are   considerably 

TABLE  II-/rOTAL  OF  ALL  MANUFACTURERS 


Items 


1902 


I — Number  of  establishments... 

2 — Capital  j$ii 

3 — Primary  horse-power  to  oper- 
ate establishments ' 

4 — Number  of  wage  earners 

5 — 'Wages   $  - 

6 — Number  of  salaried  employees 

7 — Salaries    $ 

8 — Cost  of  material $  7 

9 — Value  of  finished  products — $13 
10 — Value  added  by  manufacturersi$  5 


1912 


Percent 

increase 

in  10  years 


212  700  276,500 

195  447  000  $22  800  000  000 


12  131 

5166 

369  61 1 

457 
496971 

730  46s 
439  113 
708  647 


800 
100 
400$ 
380 
800$ 
200$  I 
60a  $2 
400»|$i 


22  550  000 
7  230  000 
4  05 1  000  000 
988000 
I  220  000  000 
4  300  000  000 
4330  000  000 
0  030  000  000 


50 
I  OS 

86 
40 

71 
116 
146 

8S 
81 
76 


greater  than  from  lighting.  It  is  evident,  therefore,  that  the  enor- 
mous investment  of  capital  in  electric  utilities  is  based  on  the  in- 
creasing demand  for  the  advantages  of  central  station  power. 

There  is  every  reason  for  manufacturers  to  be  interested  in 
central  station  service  at  the  present  time.     The  manufacturer  is 

TABLE  III— NUMBER  OR  VALUE  PER  ESTABLISHMENT 


Items 


I — Number  of  establishments 

2 — 'Capital   

3 — ^Primary  horse-power  to  oper- 
ate establishments 

4 — Number  of  wage  earners 

5 — ^Wages \     $ 

6 — Number  of  salaried  employees 

7 — Salaries    

8— Cost  of  material ]     $  36  35o 

9 — ^Value  of  finished  products... 
10 — Value  added  by  manufacturers 


Percent 

1902 

1912 

increase 
inio  years 

30 

212  714 

276  500 

$  52600 

$  82500 

57 

57 

81.5 

43 

243 

26.2 

75 

$  II  130 

$  14680 

32 

2.15 

3-57 

66 

2345 

$  4420 

88.5 

$  36  350 

$  51  700 

42.0 

$  63  150 

$  88  100 

39-5 

$  26800 

$  36400 

36.0 

constantly  being  brought  face  to  face  with  the  problems  of  higher 
wages,  higher  salaries  and  higher  cost  of  raw  materials.  To  main- 
tain the  same  margin  of  profit  he  must  either  raise  the  selling 
price  or  lower  the  cost  of  production.  Any  increase  in  selling 
price  means  less  business  for  him  and  more  business  for  his  com- 
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petitors.  It  is  necessarily  a  last  resort.  Therefore,  any  genuine 
opportunity  to  reduce  his  production  cost,  should  have  careful  at- 
tention. 

The  manufacturers'  situation  may  be  clearly  understood  from 
Tables  II  and  111.  The  hgures  in  Table  III  were  derived  from 
those  in  Table  II  and  show  the  present  situation  in  its  relation  to 
each  individual  manufacturer.  The  uniformly  prosperous  condi- 
tion of  American  industry  is  shown  by  the  average  increase  of  57 
percent  in  capitalization  per  establishment.  Item  3,  which  shows 
an  increase  of  43  percent  in  installed  primary  horse-power,  indi- 
cates that  this  increase  in  capitalization  is  a  genuine  increase  in 
value.  The  number  of  wage  earners  has  increased  only  7.5  per- 
cent, due  undoubtedly  to  the  increased  use  of  improved  machinery 
and  increased  efficiency.  Wages,  however,  have  increased  32  per- 
cent— more  than  four  times  as  rapidly  as  the  number  of  wage 
earners.  This  means  that  workmen  everywhere  are  getting  a 
good  deal  more  money  than  they  did  ten  years  ago.  Incidentally, 
this  is  also  a  definite  answer  to  the  assertion,  often  heard,  that 
wages  have  not  risen  with  the  rise  in  prices.  Item  6,  showing  an 
increase  of  66  percent,  indicates  that  the  increasing  complications 
of  modern  industry  are  making  more  salaried  men  a  necessity. 
Salaries  have  increased  88.5  percent  in  the  same  time.  In  other 
words,  there  are  more  saalried  men  than  formerly  and  they  are 
being  paid  more  money  per  man.  This  is  another  expense  that 
must  be  provided  for  by  raising  the  selling  price  or  introducing 
new  economies.  The  increasing  price  of  raw  materials  must  also 
be  considered. 

All  of  these  changes,  it  must  be  remembered,  are  taking  place 
as  rapidly  now  as  they  have  been  during  the  last  ten  years.  The 
manufacturer  is  facing  them  now  and.  if  central  station  service 
will  bring  him  closer  to  a  solution  of  the  problems  they  have  de- 
veloped, he  needs  this  service  just  as  much  as  the  central  station 
wants  to  sell  it. 

The  advantage  of  central  statiim  power  over  any  other  iov 
the  small  plant  is  pretty  well  estal)lishcd.  The  advantage  of  this 
service  to  the  large  manufacturer  is  not  so  obvious,  and  has  not 
been  nearly  so  well  established.  Large  manufacturers,  with  few 
exceptions,  imagine  that  simply  because  of  their  size,  they  should 
be  able  to  produce  power  as  cheaply  as  a  central  station,  and  there 
are  still  a  few  central  station  men  left  who  think  the  same  way. 
This  impression  is  wrong.  The  large  manufacturer  can  make 
power  more  cheaply  than  the  small  manufacturer,  but  not  as  clicap- 
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ly  as  the  central  station.  To  begin  with,  the  larger  size  of  the 
central  station  gives  it  the  same  advantages  over  the  large  manu- 
facturer that  he  has  over  the  small  manufacturer.  In  addition  to 
this  the  central  station,  regardless  of  its  size,  has  inherent  oppor- 
tunities for  economies  that  are  entirely  beyond  the  reach  of  the 
average  manufacturer. 

In  the  first  place,  the  manufacturer's  business  is  manufactur- 
ing. The  superintendent  of  a  shoe  factory,  for  example,  is  se- 
lected because  he  knows  how  to  make,  at  a  low  cost,  shoes  that 
will  sell  in  competition  with  other  shoes.  His  training  has  been 
along  these  lines.  The  production  of  power  is  a  business  in  itself, 
far  more  complicated  than  the  manufacture  of  shoes.  He  can 
never  give  it  the  same  attention  that  the  central  station  organization 
does,  nor  can  he  understand  it  nearly  as  well.  Furthermore,  he 
cannot  afford  to  hire  the  quality  of  brains  that  efficient  povk^er  pro- 
duction demands.  It  is  a  natural  consequence  that  the  average 
isolated  plant  is  less  efficient  than  the  average  central  station. 

Second,  the  time  that  the  shop  executive  gives  to  an  isolated 
plant  must  be  taken  from  other  work.  It  is  at  this  other  work 
that  the  superintendent  is  most  efficient,  and  it  is  on  this  work 
that  the  dividends  of  the  concern  depends.  Power  ordinarily 
represents  about  two  percent  of  the  total  cost  of  production.  The 
use  of  an  isolated  plant  compels  the  superintendent  to  devote  to 
this  two  percent,  time  that  could  be  spent  much  more  efficiently  on 
the  remaining  98  percent.  All  of  the  time  that  he  spends  in  try- 
ing to  maintain  the  efficiency  of  the  power  plant  involves  a  re- 
duction in  the  efficiency  of  manufacturing.  This  is  a  feature  of 
isolated  plant  cost  that  it  is  difficult  to  show  in  definite  figures  but 
that  must  be  paid  for  from  the  concern's  gross  receipts. 

Third,  the  central  station  necessarily  has  a  better  load  factor 
and  diversity  factor  than  has  the  isolated  plant.  The  isolated 
plant  must  be  built  for  the  maximum  load  of  one  establishment. 
The  central  station,  by  supplying  many  different  kinds  of  demand, 
secures  an  average  load  that  is  much  nearer  to  the  maximum. 
This  means  that  less  generating  equipment  will  be  needed  for  the 
same  power  output. 

The  advantage  that  central  station  service  has  over  isolated 
plant  service  is  at  the  present  time  being  increased  by  the  steadily 
advancing  price  of  coal.  Table  IV  shows  the  changes  that  have 
taken  place  in  the  average  price  of  bituminous  coal  since  1880. 
Thus  the  price  of  coal  has  increased  over  ten  percent  during  the 
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past  ten  years,  and  this,  it  must  l)e  remembered,  is  only  the  aver- 
age increase.  In  some  parts  of  llie  country  the  increase  has  been 
as  great  as  25  percent. 

The  position  of  the  central  station  is  strengthened  still  more 
by  the  increasing  demand  for  power.  The  census  figures  given  in 
Table  II  show  that  this  demand  has  increased  86  percent  in  the 
last  ten  years.  This  means  that  many  new  concerns  requiring 
power  are  coming  into  existence  and  that  many  old  ones  are  find- 
ing it  necessary  to  enlarge  their  present  power  equipment.  Every 
manufacturer  who  is  considering  a  new  power  plant  or 
extensions  to  an  old  one  is  a  candidate  for  central  station 
service.  The  first  cost  of  a  central  station  power  installation 
is  always  much  less  than  the  first  cost  of  an  isolated  plant.  Also 
extensions  are  less  expensive.  The  money  for  an  isolated  plant 
can  ordinarily  be  secured  only  by  bringing  the  concern  that  uses 
it  nearer  to  the  limit  of  its  borrowing  capacity.     The  average  con- 

T.\BLE  IV— COMP.VRATIVE  PRICES  OF  BITUMINOUS  COAL 


Year 

Average   price 
per  ton 

Percent  increase 
in  price 

1880 

$1,048 
1. 123 
1. 140 
1257 

i8qo 

1  f>00 

7.15 

1.52                   ! 

1910 

10.26 

These  figures  were  obtained    from  the  U.   S.   Geographical   Survey. 

ccrn  can  make  the  largest  dividends  by  using  all  of  the  money  it 
can  liorrow,  for  the  productive  end  of  the  business.  The  money 
tied  up  in  a  power  plant  is  taken  from  ilic  WDrk  for  which  the  con- 
cern was  organized,  and  which  is  presumably  the  most  profitable. 
If  the  money  invested  in  the  power  plant  has  not  as  great  an  earn- 
ing capacity  as  the  money  invested  in  i)ro(luctive  e([uipment,  then 
the  power  plant  represents  a  loss.  In  other  words,  an  isolated 
plant  docs  not  pay,  even  if  it  delii'ers  pozcer  as  cheaply  as  the 
central  station. 

Due  to  the  increasing  age  of  their  present  power  generating 
machinery,  many  manufacturers  are  ni>w  compelled  to  consider  a 
new  investment  in  plant  e(iuij)nient.  Many  plants  arc  c(iuipi)cd 
with  apparatus  tiiat  has  been  in  use  for  fifteen  or  twenty  years  or 
more,  and  that  is  now  operating  very  inelTiciently.  Often,  the 
owner  does  not  realize  how  much  this  inefficiency  is  costing  him. 
In  many  cases,  however,  he  is  tiiorouglily  aware  of  the  conditions 
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but  dreads  the  investment  that  a  change  would  involve.     By  using 
central  station  service,  he  can  get  higher  efficiency  than  he  could 

with  a  new  isolated  plant 
and  get  it  at  a  lower  cost. 
The  remarkable  op- 
portunity now  before  the 
central  stations  of  this 
country  is  well  brought 
out  by  the  accompanying 
curves,  Figs,  i  and  2. 
Fig.  I  illustrates  clearly 
the  tremendous  rapidity 
with  which  the  demand 
for  power  in  manufac- 
turing plants  is  increas- 
ing. It  will  be  seen  that 
this  demand  has  risen 
from  little  more  than  two 
FIG.  I — CURVE  OF  HORSE-POWER   INSTALLED    FOR    milliou     liorse-powcr     in 

MANUFACTURING   PURPOSES  ^g  ^^     ^,^^^^^  ^^^jjjj^,^ 

Dotted  lines  indicates  probable  future  erowtn.         ,  ,,, . 

today.      While    it    is,    of 

course,  impossible  to  determine  accurately  how  rapidly  this  demand 
will  continue  to  increase, 
there  is  every  reason  to 
believe  that  the  rate  of 
increase  indicated  by  the 
dotted  line  is  conserva- 
tive. The  growth  of 
power  requirements  dur- 
ing the  next  eight  years 
will  certainly  continue  as 
rapidly  as  at  present  and 
it  is  on  this  assumption 
that  the  curve  has  been 
extended.  In  other  words, 
we  may  expect  to  see 
the  use  of  power  in- 
creased to  about  47  mil- 
lion horse-power  by  1920. 
This  means  that  an  addi- 
tional  22   million  horse-power   will   be   put    in    service   during   the 
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FIG.   2 — CURVES  OF  PERCENTAGES   OF   TOTAL  POWER 
SUPPLIED    BY    VARIOUS    MEANS 

Dotted    lines    indicate   probable    future   per- 
centages. 
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next  eight  years.  Most  of  this  power  is  going  to  be  electric. 
The  curves  in  Fig.  2  show  why.  These  curves  give  the  percent- 
age of  different  kinds  of  power  used  by  manufacturing  plants  in 
this  country.  Each  curve  refers  to  the  power  applied  directly  to 
productive  machinery.  The  curve  for  water  power,  for  example, 
does  not  take  hydro-electric  plants  into  consideration.  It  covers 
merely  the  power  delivered  directly  from  water  wheels  to  pro- 
ductive machinery.  These  curves  show  that  electric  power  is 
rapidly  replacing  all  other  kinds,  but  that  it  has  just  started  to 
do  so.  Ten  years  ago  not  more  than  eight  percent  of  the  total 
power  used  in  the  manufacturing  plants  of  this  country  was  electric. 
Now  electric  motors  furnish  27  percent  of  the  driving  power.  If 
the  present  rate  of  increase  continues,  and  there  is  absolutely  no 
reason  to  believe  that  it  will  not,  we  may  exi)ect  to  see  more  than 
C)0  percent   of    the    total    power    used   in   manufacturing   in    1920 

furnished  by  electric 
motors.  As  already  in- 
dicated the  total  power 
will  amount  to  about 
47  million  horse-power 
l)y  that  time.  Sixty 
percent  of  this  amoimt 
is  2820000.     At  pre--- 

FIG.     3 — PRESENT     AND      PROB.\BLE      FUTURE      IN-  ^ 

STALLEU    JIORSE-POWER    IN    UNITED    STATES  CUt       the       tOtal       pOW  eV 

Black    area    represents    installed     electrical      demand  amounts  to  25 
horse-power.      Shaded    areas    represent    other  .,,•  , 

installed  horse-power.  million      horse  -  power, 

and  of  this  27  percent 
is  electric  power.  Twenty-seven  percent  of  25  million  is  6750000. 
The  difference  between  28200000  and  6750000  is  21450000. 
In  other  words,  we  may  expect  to  see  al)out  21  500000  electric 
horse-jxivver  installed  during  the  next  eight  years.  This  is  almost 
as  much  as  the  total  power  in  use  at  the  present  time.  Fig.  3 
shows  the  situation  graphically.  Practically  all  of  this  power 
should  be  furnished  from  central  stations,  and  it  will  be,  if  the 
right  steps  are  taken  to  get  it. 

There  would  be  comparatively  few  isolated  plants  in  exist- 
ence now  if  the  owners  knew  just  what  it  cost  them  to  get  their 
l>ower  that  way.  The  average  isolated  plant  owner,  however, 
knows  very  little  about  his  power  costs.  To  begin  with,  it  is  often 
found  that  he  estimates  his  power  consumption  much  higher  than 
it  actually  is.  He  thinks  that  this  is  the  amount  of  power  he  will 
have  to  pay  for  if  he  uses  central  station  service.     Usuallv,  too. 
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he  makes  no  allowance  for  overhead  cost.     In  short,  his  manufac- 
turing experience  does  not  ordinarily  fit  him  to  understand  power. 
Central  station  service  cannot  have  a  fair  chance  unless  it  is 
brought   face  to   face  with   facts.     The  central   station   can   deter- 

TABLE  V— RESULTS  OF  INVESTIGATION   AT  A   COAL   PIER 
Capacity  loocoooo  tons  coal  per  year. 


Item. 

With  Iso- 
lated plant. 

With  Oen-       Saving  through 
tral  Station      Central  Station 
Service.                Service. 

Consumption  kw-hr  per  annum.  . . 

Cost  per  kw-hr 

Cost  per  ton  O'f  coal 

Operating  charges   per   annum.. 

Fixed  charges  per  annum 

Total  expenses  per  annum 

4  330  ooo 
$  0.0145 
$  0.0042 
$63  091 
%27  280 

$90371 

4  330  000 
$  0.0132 
$  0.00382 

$57  495 
$26  145 
$83  640 

$  0.0013 
$  0.00038 
$  5596 
$  I  135 
$  6731 

industrial  power.  The  results  of  a  number  of  actual  investigations 
mine  the  facts  in  only  one  way — by  a  thorough  analysis  of  the 
prospect's   plant,   made   by   engineers   who   thoroughly   understand 

TABLE  VI— RESULTS  OF  INVESTIGATION  AT  A  MACHINERY 
MANUF.\CTURING  ESTABLISHMENT 


Item. 

With  Iso- 
lated plant. 

I  610000 
$  0.0346 

$60  032 
$19600 
$79  632 

With  Cen- 
tral Station 
Service. 

Saving  through 

Service. 
Central  Station 

724  000 
$  0.0145 
$42312 
$15  150 
$57  462           i 

Cost  Der  kw-hr 

886000 
$  0.02 
$17720 
$  4450 
$22  170 

Consumption  kw-hr  per  annum. 
Operating  charges  per  annum.. 

Fixed  charges  per  annum 

Total  expense  per  annum 

are  shown  in  Tables  V  to  X.  The  plants  in  which  these  investiga- 
tions were  made  all  come  within  the  class  of  big  consumers,  as 
the  yearly  power  consumptions  indicate.     Yet,    in    every    one    of 

TABLE— VII— RESULTS  OF  AN  INVESTIGATION  OF  A  TANNERY 


Item. 

With  Iso- 
lated plant. 

With  Cen- 
tral Station 
Service. 

Saving  through 

Central  Station 

Service. 

Consumption  kw-hr  per  annum. 

Cost  per  kw-hr 

Operating  charges  per  annum.. 

Fixed  charges  per  annum 

Total  expense  per  annum 

I  6q6  ooo 
$  0.0242 
$37611 
$  7723 
$45  334 

I  252  700 

$   O.OII 

$25  906 
$  2836 
$28  742 

444  300 
$  0.0132 
$11  705 
$  4887 
$16  592 

i 

them,  central  station  service  meant  a  very  decided  saving. 

In  the  machinery  manufactury,  Talkie  VI,  and  in  the  tanneries, 
Tables  VII  and  VIII,  big  reductions  in  the  power  consumption  as 
well  as  in  the  cost  per  kw-hr.  were  effected.     Many  leather  manu- 
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facturers  and  some  central  station  men  believe  that  tanneries  can 
produce  power  as  cheaply  as  they  can  buy  it,  because  they  not 
only  use  "spent  tan"  for  fuel,  l)Ut  can  utilize  exhaust  steam.  The 
figures  given  in  Tables  \TI  and  VIII  show  conclusively  that  tan- 

TABLE   VllI— RESULTS    SECURED   AT   ANOTHER   TANNERY 


Item. 

With  Is,,-     '    ^^'jf^Cen- 
lated  plant.      ''^^^^ 

Saving  through 

Central  Station 

Service. 

Consumption  k\v-hr  per  annum. 

Cost  per  k\v-hr 

Operating  charges  per  annum.. 

Fixed  charges  per  annum 

Total  expense  per  annum 

630  000 
$  0.028 

$15335 
$  2602 

$17937 

447200 
$  0.0187 
$11  064 
$  I  604 
$12  668 

182800 
$  0.0093 
$  4271 
$     998 
$  5269 

neries  can  use  central  station  power  advantageously. 

The  mere  collecting  of  information,  however,  will  not  bring 
in  the  business.  The  results  of  the  analysis  must  be  presented  to 
the   manufacturer   in    a   way   that   he   will   understand.     He   must 

TABLE   IX— RESULTS   OF  AN   INVESTIGATION   AT   A 
BITUMINOUS  COAL  MINE 


Item. 

With  Iso- 
lated plant. 

2  293  700 
$  0.0248 
$56  860 

With  Cen- 
tral Station 
Service. 

2  293  700 
$  0.015 
%2,7  212 

Saving  through  I 
Central  Station 
Service. 

$  0.0098 
$19648 

Consumption  k\v-hr  per  annum. 

Cost  per  k\v-hr 

Total  expense 

1 

understand  it  to  believe  it.  This  calls  for  salesmanship.  In  other 
words,  neither  engineering  nor  salesmanship  are  sufficient  in  them- 
selves. The  c(jmbination  of  engineering  and  salesmanship  are 
necessary  to  procure  the  best  results. 

TABLE   X— RESULTS   OF   AN    INVFSTIG.XTION    AT   SPRING 
MANUFACTURING  PLANT 


Item. 


Output  per  annum 

Cost  per  kw-hr 

Operating  charges  i)cr  annum.. 

Fixed  charges  per  annum 

Total  expense  per  annum 


With  Iso- 
lated phint. 


WithCi'n- 

tral  Station 

Service. 

828000 
$  0.013 
$17878 
$  2620 
$20497 


Saving  through 

Central  Station 

Service. 


$  0.053 
$  4  122 
$  3892 
$  8014 


This  method  of  outlining  the  advantages  accruing  to  manu- 
facturers from  the  use  of  central  station  power  has  been  found  in 
actual  practice  to  be  very  satisfactory,  and  power  companies  using 
this  method  arc  meeting  with  splendid  success. 


IMPROVEMENTS  IN  THE  MANUFACTURE  OF 
INCANDESCENT  LAMPS 

B.  F.  FISHER,  Jr. 

THE  improvements  in  the  quality  of  incandescent  lamps  have 
been  of  greater  importance  and  the  progress  made  in  their 
manufacture  has  been  more  rapid  during  the  year  past  than 
during  any  previous  year.  During  this  year  the  manufacture  of 
tungsten  filament  lamps  has  been  reduced  from  an  art  to  almost 
an  exact  science.  Tungsten  wire  can  now  be  drawn  in  any  reason- 
able lengths  to  approximately  an  exact  size.  The  different  pro- 
cesses of  manufacture  have  been  standardized  so  that  the  element 
of  variation  is  almost  eliminated.  Designs  have  also  become  so 
standardized  that  lamps  are  much  more  uniform. 

The  possibility  of  getting  wire  of  an  exact  size,  and  the  stand- 
ardization of  the  processes  and  designs  make  it  possible  to  manu- 
facture lamps  for  an  exact  voltage  and  efficiency.  If  it  is  desired 
to  make  a  40  watt  lamp,  at  an  efficiency  of  approximately  1.17 
watts  per  candle  at  115  volts,  it  is  possible  to  select  40  watt  size 
wire,  cut  it  into  the  correct  lengths  for  115  volts  and  make  lamps 
from  these  lengths  of  filament  with  a  greater  degree  of  accuracy 
and  uniformity  after  seasoning  than  could  possibly  be  secured  by 
using  the  method  of  photometering  the  lamps  in  a  well  equipped 
commercial  photometer  room.  This  ability  to  make  lamps  to  volt- 
age and  watts  per  candle  will  completely  revolutionize  the  incan- 
descent lamp  business.  With  Mazda  lamps  it  will  be  desirable  to 
have  all  of  the  demand  for  lamps  at  a  single  voltage  instead  of  the 
great  spread  in  voltage  formerly  necessary  for  carbon  and  metal- 
lized filament  lamps.  This  spread  was  necessary  on  these  lamps 
to  avoid  an  excessive  demand  for  any  one  voltage.  If  all  orders 
for  Mazda  lamps  could  be  confined  to  115  volts,  or  any  other  single 
voltage,  it  would  simplify  not  only  the  Mazda  lamp  business  but 
also  the  entire  central  station  business  in  that  all  heating  devices, 
motors,  etc.,  could  be  wound  for  one  voltage. 

The  possibility  of  getting  wire  of  an  exact  size  has  made  it 
possible  to  make  each  size  of  lamp  from  one  size  of  wire  for  all 
voltages  within  reasonable  limits,  by  simply  changing  the  length  of 
wire  used  to  suit  the  voltage.  Therefore,  lamps  made  for  mul- 
tiple burning  will  work  satisfactorily  in  series  service  without 
selecting  for  current,  because  the  lamps  will  all  be  made  of  wire 
having  the  same  diameter,  and  hence  the  same  current  capacity. 
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Photometry,  at  the  speed  necessary  in  commercial  photometer 
rooms,  is  the  least  accurate  of  all  of  the  processes  involved  in  the 
manufacture  of  Mazda  lamps,  and  must  be  entirely  dependent 
on  the  judgment  and  accuracy  of  the  operator  in  matching 
the  screens  and  reading  the  instruments.  The  increased  accuracy 
of  manufacture,  due  to  the  use  of  single  size  wire,  will  i)robably 
make  it  unnecessary  to  photometer  all  lamps.  The  only  photo- 
metry necessary  will  be  to  measure  a  limited  percentage  of  the 
lamps  to  see  that  errors  have  not  been  made.  After  the  exhaust- 
ing operation,  if  a  Mazda  lamp  is  burned  on  a  constant  potential, 
there  is  a  rapid  increase  in  candle-power  for  the  first  few  hours, 
the  rate  of  increase  diminishing  rapidly  until  the  peak  has  been 
reached  in  about  fifty  or  sixty  hours.  Heretofore  Mazda  lamps 
have  been  seasoned  or  burned  in  manufacture  until  the  rapid  in- 
crease in  candle-power  was  completed  before  lamps  were  photo- 
metered.  To-day  the  possibility  of  making  lamps  accurately  to 
voltage  and  watts  per  candle  makes  it  unnecessary  to  season  them. 
The  lamps  when  exhausted  will  vary  in  candle-power  over  quite 
a  wide  range,  but  if  they  are  operated  on  the  voltage  for  which 
they  were  intended  the  candle-power  of  the  different  lamps  will 
rapidly  change,  until,  at  the  end  of  twenty  or  thirty  hours  burning, 
the  candle-power  of  all  lamps  will  be  more  uniform  than  was  pos- 
sible under  the  old  method  of  photometering  the  lamps  for  volts, 
which  measurement  was  to  a  great  extent  dependent  on  the  judg- 
ment of  the  operator. 

The  drawn  wire  tungsten  filament  is  very  ductile  and  of  great 
tensile  strength  before  heating,  and  as  it  is  possible  to  manufacture 
some  sizes  of  Mazda  lamps  without  passing  current  through  the 
filament,  in  such  lamps  the  filament  is  practically  indestructible 
until  the  lamps  are  placed  in  service.  The  omission  of  the  season- 
ing operation  in  manufacturing  lamps  thus  preserves  the  strength 
of  tlie  filament,  and  prevents  breakage  in  shipment  and  handling 
l)efore  the  lamps  are  installed. 

It  has  been  generally  known  that  any  lamp  wouM  blacken  in 
time,  even  if  operated  at  its  proper  efficiency  and  if  it  did  not 
break  before  the  electrical  burn-out  point  had  been  reached.  The 
length  of  time  a  lamj)  would  burn,  after  blackening  had  become 
so  dense  that  it  was  objectionable,  was  often  greatly  in  excess  of 
the  time  the  lamp  burned  before  blackening  became  objectionable, 
and  it  has  been  the  hope  of  the  manufacturer  to  be  able,  cither  to 
prevent  blackening  entirely  or  delay  its  appearance  until  near  the 
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burn-out  point  of  the  lamp.  In  the  carbon  filament  lamp  the  im- 
provement in  delaying  blackening  was  made  in  the  invention  of  the 
metallizing  processes.  This  delayed  the  appearance  of  blackening  to 
such  an  extent  that  the  efficiency  of  the  lamp  was  increased  to  2.5 
watts  per  candle  with  approximately  the  same  or  longer  hours  of 
life  before  the  appearance  of  objectionable  blackening  than  was  pos- 
sible with  the  ordinary  carbon  filament  lamp  at  3.1  watts  per  candle. 
Similarly,  in  the  Mazda  lamp  during  the  past  year  improvements 
have  been  made  which  delay  the  appearance  of  blackening  or  pre- 
vent it  entirely  until  the  ultimate  or  burn-out  life  has  been  approxi- 
mately reached.  These  improvements  make  available  for  satisfac- 
tory use  a  much  greater  percentage  of  the  total  life  and  make  it 
possible  to  increase  the  efficiencies  of  Mazda  lamps  without  short- 
ening the  life,  to  the  appearance  of  objectionable  blackening.  In 
the  lamps  of  larger  size  these  increases  have  been  radical.  The 
250  watt  and  higher  wattage  lamps  now  operate  satisfactorily  at 
efficiencies  in  excess  of  one  candle  per  watt,  and  the  smaller  watt- 
age lamps  down  to  the  60  watt  size  are  approaching  efficiencies  of 
one  candle  per  watt. 

The  success  in  making  40  and  60  watt  lamps  in  smaller  bulbs 
has  been  another  radical  improvement.  The  bulb  formerly  used 
on  the  40  watt  lamp  was  just  too  large  to  permit  of  the  substitu- 
tion of  the  40  watt  lamp  for  a  50  watt  metallized  filament  lamp 
or  a  60  watt  carbon  filament  lamp,  but  during  the  year  it  has  been 
found  possible  to  make  a  satisfactory  40  watt  lamp  in  the  same 
bulb  that  is  used  for  the  25  watt  lamp,  thus  making  it  possible  to 
take  advantage  of  the  benefits  of  the  increased  illumination  or 
improved  artistic  efiiect  from  Mazda  lamps  without  the  necessity 
of  changing  fixtures.  Similarly,  the  60  watt  lamp  can  now  be 
satisfactorily  made  in  the  bulb  formerly  used  on  the  40  watt  lamp, 
thus  giving  a  lamp  of  higher  candle-power  which  can  be  used  in 
present  fixtures  without  radical  changes.  These  two  improvements 
fill  a  want  which  has  long  been  felt  and  had  become  insistent. 

It  is  possible  to  wind  drawn  tungsten  wire  into  close  cylind- 
rical coils  of  small  diameter.  In  this  manner  long  lengths  of  wire 
can  be  wound  into  small  compass  and  this  fact  has  made  possible 
a  complete  line  of  candelabra  lamps  in  decorative  l^ulbs ;  also  a 
line  of  lamps  in  which  the  filament  is  concentrated  into  a  very 
small  area  for  stereopticon  or  other  focusing  work. 

There  have  also  been  many  small  improvements  accomplished 
by  standardizing  the  design  of  lamps.     These  improvements  tend 
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to  better  the  performance  obtained  and  widen  tlie  use  of  Mazda 
lamps,  and  they  are  now  satisfactorily  used  in  virtually  every  class 
of  service  in  which  incandescent  electric  lamps  can  be  used.  The 
increased  popularity  and  the  increase  in  the  demand  for  Mazda 
lamps  can  be  judged  from  the  fact  that  the  number  sold  in  1912 
was  167  percent  of  the  sales  in  1911.  The  number  of  Mazda 
lamps  sold  in  1912  was  also  in  excess  of  the  number  of  lamps  of 
any  other  one  class,  carbon,  metallized  filament  or  tantalum  sold 
during  that  year  and  from  present  indications  the  sale  of  Mazda 
lamps  during  191 3  will  nearly  equal  the  total  sales  of  all  other 
incandescent   lamps. 


INCREASED  EFFICIENCIES  OF  MAZDA  LAMPS 

J.  FRANKLIN  MEYER 

DLTvlXG  the  few  years  that  tungsten  filament  lamps  have 
l)een  on  the  market  a  considerable  number  of  changes  in 
their  efficiency,  i.  e.,  watts  per  candle,  have  been  made. 
The  earliest  lamps  were  rated  at  about  1.50  watts  per  candle,  while 
to-day  Mazda  lamps  are  regularly  rated  at  from  1.17  down  to  i.oo 
watts  per  candle,  and  even  lower.  The  carbon  filament  lamp  has 
been  sold  for  more  than  thirty  years,  yet  the  efficiency  of  carbon 
lamps  remains  practically  the  same  that  it  was  in  1884.  A  test 
made  under  the  auspices  of  the  Franklin  Institute  in  1884  on  car- 
bon filament  lamps  of  i\\Q  different  manufacturers  showed  an  av- 
erage of  3.16  watts  per  candle.  Carbon  filament  lamps  manufac- 
tured to-day  are  rated  at  from  4.00  to  2.97  watts  per  candle,  thus 
showing  that  very  little  change  in  the  efficiency  of  the  carbon  fila- 
ment lamps  has  been  made.  It  is  evident,  therefore,  that  very 
nutch  larger  changes  in  the  efficiency  of  Mazda  lamjis  have  been 
made  during  the  few  years  that  these  lamps  have  been  on  the 
market,  than  have  been  made  in  the  efficiency  of  carbon  filament 
lamps  in  the  whole  history  of  the  incandescent  lamp  industry. 

In  considering  these  large  changes  in  the  efficiency  of  Mazda 
lamjis,  it  must  always  be  borne  in  mind  that  an  incandescent  lamp, 
unlike  most  electrical  apparatus,  is  not  of  fi.xed  capacity  as  a  con- 
verter of  electrical  energy.  Take  ft)r  example,  a  Mazda  lamji 
labelled  23  watts.  115  volts.  There  is  in  such  a  lamp  a  definite 
length  of  tungsten  wire,  which  at  a  given  temperature  has  a  defi- 
nite resistance.  An  increase  in  the  temperature  of  the  filameiU  in- 
creases its  resistance,  and  bv  increasing  the  voltage  applietl  to  the 
terminals  of  the  lamp,  the  wattage  consumption  is  increased  or  de- 
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creased.  The  lamp  in  question  is  called  a  25  watt,  115  volt  lamp 
because  when  operated  at  115  volts  its  energy  consumption  is  25 
watts,  and  at  the  same  time  it  is  giving  21.4  mean  horizontal  candle- 
power.  The  lamp  is  therefore  operating  at  an  efficiency  of  1.17 
watts  per  candle  (25  -^-  21.4  =  1.17).  But  a  lamp  labelled  20 
watts,  100  volts,  would  also  consume  25  watts  if  operated  at  115 
volts.  The  candle-power  of  this  lamp  would,  however,  be  26.2 
mean  horizontal  and  it  would  operate  at  an  efficiency  of  about  0.96 
watts  per  candle.  Now  why  is  the  first  lamp  called  a  25  watt, 
115  volt  lamp,  but  not  the  second?  Each  lamp  consumes  25  watts 
at  115  volts,  but  only  one  is  labelled  25  watts,  115  volts.  The  rea- 
son the  second  lamp  is  not  labelled  25  watt,  115  volts  is  that  the 
efficiency,  at  which  it  would  operate  at  115  volts,  is  such  that  the 
life  of  the  lamp  would  l)e  shorter  than  good  practice  to-day  de- 
mands. 

TABLE   I 


Nominal 

Watts  Per  Mean 

Watts 

Horizontal  C-1^ 

15 

1.31 

20 

1.2.5 

•2  5 

1.17 

40 

1.17 

GO 

1.12 

100 

1.08 

500 

1.00 

The  example  given  above  shows  the  necessity  for  the  estab- 
lishment of  what  are  called  normal  conditions  of  operation  for  in- 
candescent lamps.  The  volume  of  a  certain  mass  of  gas  depends 
on  its  temperature  and  pressure,  and  the  volumes  of  gases  are  al- 
ways reduced  to  normal  conditions  of  temperature  and  pressure, 
that  is  °  degrees  C  and  760  millimeters  of  mercury,  when  definite 
comparisons  are  made.  In  a  similar  manner  the  normal  wattage 
and  voltage  of  an  incandescent  lamp,  as  fixed  by  the  manufacturer's 
label,  are  dependent  on  certain  normal  conditions  that  have  been 
agreed  upon.  The  watts  per  candle  at  which  a  lamp  operates  and 
gives  a  commercially  satisfactory  life  is  this  normal  condition. 
Table  I  gives  the  present  watts  per  candle  for  some  of  the  com- 
mon types  of  Mazda  lamps. 

The  candle-power  of  an  incandescent  lamp  depends  on  the 
temperature  of  its  filament,  the  higher  the  temperature  the  higher 
the  candle-power.  Now  the  higher  the  temperature  at  which 
a    filament    in    a    lamp    is    operated,    the    smaller    is    the    number 
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expressing  its  efficiency  in  watts  per  candle  and  the  more  efficient 
the  lamp  is  said  to  be.  The  life  of  a  lamp  to  burn  out,  or  to  a 
definite  decrease  in  candle-power,  is  also  a  function  of  the  tem- 
perature of  the  filament.  The  lower  the  temperature  of  the  fila- 
ment the  longer  the  life  or,  in  other  words,  the  larger  the  watts 
per  candle  the  longer  the  life,  all  the  other  conditions  remaining 
the  same.  But  here  is  precisely  the  reason  efficiencies  in  Mazda 
lamps  lia\e  continually  and  rapidly  been  decreased  in  numerical 
value.  The  great  improvements  that  are  being  made  in  manufac- 
turing operations  have  been  oi  such  a  character  as  to  make  it 
possible  to  operate  Mazda  lamps  at  higher  and  higher  temperatures 
zvith  no  decrease  in  life.  As  a  result  of  these  improvements  the 
efficiency  of  the  25  watt  Mazda  lamp  has,  for  example,  been  con- 
tinually decreased  from  1.50  watts  per  candle  in  1908  to  1.17  watts 
per  candle  in  1913,  while  lamps  of  certain  higher  wattages  have 
been  decreased  to  i.oo  watt  per  candle,  all  the  changes  having 
been  made  without  decrease  in  life  of  the  lamps. 

As  a  result  of  these  changes  in  efficiencies,  the  user  has  been 
continually  receiving  lamps  of  higher  candle-power  for  the  same 
power  consumption.  Since  prices  have  also  decreased  very  nuich, 
and  lamps  are  longer  lived  than  ever  before  under  ordinary  con- 
ditions of  use,  users  have  been  greatly  benefited.  Tungsten  fila- 
ment lamps  as  first  made  were  extremely  fragile  and  liable  to  break 
or  burn  out.  Lam])s  as  now  manufactured  are  very  much  more 
rugged  in  construction  and,  at  nuich  better  efficiencies,  give  actual- 
ly longer  service  than  lamps  at  lower  efficiencies  as  formerly  made. 

Mazda  lamps  have  changed  more  in  efficiency  in  five  years 
than  carbon  filament  lamps  have  changed  in  thirty  years.  The 
changes  in  efficiencies  that  lia\c  periodically  l)een  made  have  not 
decreased  the  life  of  lamps,  the  life  of  lamps  in  service  at  present 
day  efficiencies  being  actually  longer  than  ever  before.  Changes 
have  been  made  only  as  the  results  of  improved  methods  of  manu- 
facture, and  in  no  case  has  the  life  of  lamps  been  decreased  by 
such  changes.  These  changes  in  efficiency  have  continually  given 
the  user  lamps  that  produce  more  light  for  the  same  power  con- 
sumption. 


INTERESTING  FACTS  CONCERNING 
THE  HORN  GAP 

A.  W.  BURKE,  Consulting  Electrical  Engineer, 
National  Properties  Company,  New  York  and  Pittsburgh 

r-K  -^  HE  history  of  the  horn  gap  may  he  said  to  date  from  March 
I  4th,    1896,  when   the   ItaHan  govermnent  issued   to  Ernest 

"■•  Giistav  Paul  Oelschlager  and  Karl  Otto  Eranz  Schrottke, 
Patent  No.  40  698,  assigned  to  Siemens  &  Halske  Electric  Company, 
of  Germany.  On  August  18,  1896,  the  U.  S.  Patent  Office  issued 
to  these  same  inventors  Patent  No.  566  on,  which  was  assigned  to 
the  Siemens  &  Halske  Electric  Company  of  America.  The  con- 
'Struction  of  this  horn  gap.  Fig.  i.  and  its  use  as  a  lightning  arrester, 
are  generally  known.  The  theory  of  a  Siemens  horn  gap  lightning 
arrester  as  set  forth  in  the  patent  specifications  is  as  follows : 


Ground 


FIG.  I 


FIG.  2 


When  the  arc  is  established,  as  at  c'  f,  Fig.  2,  the  surrounding 
air  is  rapidly  heated,  causing  an  upward  current  of  air  at  that  point, 
•which  tends  to  carry  tr.e  arc  with  it.  In  addition  to  this  it  is  well 
known  tliat  conductors  under  the  influence  of  an  electric  current 
•tend  to  arrange  themselves  in  parallel  positions.  The  arc  c'  f  being 
practically  at  right  angles  with  the  uprights,  the  portion  c'  tends  to 
assume  the  position  cf  the  upright  c  and  coacts  with  the  up- 
ward current  of  air  in  lifting  the  arc,  as  indicated  in  Fig. 
2.  Similarly  the  portion  /'  tends  to  assume  the  position  of  upright 
/.  Thus  any  vrc  which  may  be  formed  between  the  uprights  is 
quickly  raised  to  the  divergent  portions  of  the  uprights  and  thereby 
becomes  self -cxtinguishmg,  the  thermo-dynamic  and  the  electro-dy- 
namic forces  ccacting  to  drive  the  arc  upward  and  extinguish  it. 

Ey  investigating  records  at  the  patent  office,  it  w^s  found  that 
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there  have  been  several  attempts  by  inventors  to  improve  the  horn 
gap,  and  that  patents  have  been  granted  on  improvements.  It  is 
a  curious  fact  that  the  American  manufacturers,  to  whom  these 
patents  have  been  assigned,  for  many  years  made  no  effort  to 
place  them  on  the  market.  When  they  found  it  necessary  to  use  a 
horn  gap  in  connection  with  the  electrolytic  lightning  arrester,  it 
•is  interesting  to  note  the  horn  gap  used  is  of  the  Siemens  type, 
and  not  of  an  improved  type,  which  indicates  that  the  improve- 
ments were  not  completed. 

It  is  interesting  to  note  the  different  methods  used  by  invent- 
ors to  increase  the  efficiency  of  the  horn  gap.  The  following  is  a 
brief  description  of  some  of  the  more  important  types : 


n 


PC 


FIG.  3 


FIG.  4 


Fig.  3  illustrates  an  improved  horn  gap  covered  by  U.  S.  Pat- 
ent 701  5/7,  dated  June  3d,  1902,  issued  to  F.  E.  Klein,  of  Dresden, 
German}.  In  the  specification,  the  inventor  points  out  that  in  a 
Siemens  hor.i  the  arc  is  slow  in  rising  on  the  horns  due  to  insuf- 
ficient magnetic  field,  and  tiiat  by  inserting  an  iron  sheath,  the 
magnetic  field  is  increased,  and  that  an  arc  formed  on  horns  pro- 
vided with  this  sheath  will  rise  on  the  horns  and  be  extinguished 
much  more  quickly. 

Fig.  4  illustrates  an  improved  horn  gap  invented  by  F.  Jordan, 
covered  by  U.  S.  Patent  807  27 j,  dated  December  12th,  1905. 
This  patent  was  assigned  to  th2  Elektrizitats-.Vktien-Gescllschaft 
vorm  W.  Lahmeycr  &  Company,  of  Frank fort-on-Main,  Ger- 
many. In  the  specifications,  the  inventor  aims  to  improve  the  horn 
gap  by  preventing  beads  of  fused  metal  from  f  rming,  thus  lessen- 
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►Ing  the  arcing  gap  and  changing  the  cahbration  of  the  arrester. 
•The  invention  is  illustrated  in  Fig.  4  at  F,  G  and  H.  F  relates  to 
a  born  gap  in  which  boib  electrodes  are  of  metal.  Beads  of  fused 
metal  are  formed  at  the  points  between  which  the  spark  jumps,  and 

the  space  between  the  electrodes 
is  reduced.  At  G  the  electrodes 
are  composed  of  carbon.  In 
this  case  the  distance  between 
electrodes  is  increased  by  the 
depression  formed  by  a  spark 
between  them.  At  H,  which  il- 
lustrates the  invention,  is  shown 
the  combination  of  an  electrode 
of  metal  with  an  electrode  of 
carbon.  To  the  formation  of 
molten  metal  on  the  metal  elec- 
trode corresponds  a  depression 
on  the  carbon  electrode,  so  that 
the  distance  of  air-gap  of  the 
electrodes  remains  the  same 
along  their  whole  length. 

In  Fig.  5  is  shown  an  im- 
proved horn  gap  scheme,  in- 
vented by  John  Pearson,  of 
Somerset,  Wis.,  U.  S.  Patent 
No.  887221,  dated  May  12, 
1908.  In  carrying  out  his  in- 
vention the  inventor  provided  a 
horn  lightning  arrester  with  a 
barrier  which  is  insulated,  the 
object  being  to  break  the  arc 
so  that  it  will  extinguish  quick- 
ly. The  inventor  shows  two 
ways,  A  and  B,  of  accomplish- 
ing this,  and  describes  them  as 
follows : 


FIGS.  5  AND  6 


The  barrier,  which  is  provided  in  accordance  with  the  inven- 
tion, is  preferable  in  the  form  of  a  thin  plate  6,  which,  as  illus- 
trated in  the  drawings,  may  be  assumed  to  be  a  sheet  of  mica,  hav- 
ing, as  shown,  near  its  lower  portion,  one  or  more  small  perfora- 
tions 7  in  line,  or  approximately  in  line,  with  the  most  closely  po- 
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•sitioned  portions  of  the  two  horns  of  said  arrester.  This  barrier 
(may  be.  held  in  the  position  stated,  by  a  slit  supported  i)in  8,  or  by 
'any  other  suitable  form  of  holder.  With  the  barrier  interposed 
'between  the  horns  of  the  arrester,  as  shown  at  A,  a  lightning  charge 
'from  the  line  being  of  enormously  high  voltage  and  of  very  small 
quantity  or  am])cragc  will  force  its  way  through  the  perforations  7 
of  the  barrier,  while  with  the  arrangement  shown  at  B,  the  light- 
ning charge  will  force  its  way  from  one  horn  to  the  other  under  the 
barrier.  Otherwise  stated,  the  barrier  offers  resistance  to  the  pass- 
age of  the  dynamic  current,  and  on  account  of  thermal  and  electro- 
dynamic  action  it  flashes  upward  or  around  the  barrier,  generating 
great  heat  and  causing  the  heated  gases  to  rush  upward  and  to 
carry  or  force  the  dynamic  arc  up  to  the  upper  ends  of  the  horns 
of  the  arrester,  where  the  resistance  through  the  air,  from  the  one 
horn  to  the  other,  becomes  so  great  that  the  arc  goes  out. 

Fig.  6  illustrates  an  improved  horn  gap  invented  by  R.  Apt, 
covered  by  U.  S.  Patent  855440,  dated  June  4,  1897,  and  assigned 
to  the  General  Electric  Company,  of  New  York.  The  operation 
is  described  as  follows : 

At  operating  potentials  up  to  about  3000  volts,  dilticulty  arises 
from  the  fact  that  the  spark  gaps  must  be  very  small  in  order  that 
they  may  act  with  suflicient  sensitiveness  at  a  potential  exceeding 
the  normal  potential  of  the  system.  Such  small  sparking  lengths, 
however,  entail  disturbances  of  various  kinds.  Small  impurities 
may  alter  the  proper  relative  distance  of  the  electrodes  to  a  consid- 
erable extent,  and  bridges  may  easily  form  across  the  gap  by  dirt, 
rain  drops  or  insects,  and  may  thereby  break  down  the  spark  gap 
and  cause  disturbances  in  f)peratii)n.  The  present  invention  utilize.s 
the  property  of  the  so-called  radio-active  substances  to  reduce  the 
sparking  potential  so  that  a  spark  gap  is  produced  which  possesses 
considerable  length,  even  at  small  potentials.  The  general  plan  for 
carrying  out  this  idea  is  shown  diagrammatically  in  the  drawing, 
forming  a  ])art  of  this  specification.  In  the  drawing,  I'ig.  6,  the 
line  conductor  /  to  be  protected,  is  connected  to  an  electrode  2  of  a 
spark  gap,  and  the  correspf)nding  electrode  5  is  connected  to  groun»l 
through  resi.stance  ./.  A  Innly  of  radio-active  material  jj  is  sup- 
ported in  a  small  receptacle  in  proximity  to  the  spark  gap  in  such 
position  that  radiations  therefrom  will  i)ass  into  the  space  l»etween 
the  sparking  electrodes  j  and  ,\  Radiations  from  this  source  act 
upon  the  spark  gap  or  sparking  members  by  ionization  in  such  man- 
ner that  a  potential  of  a  given  value  can  pass  through  a  consider- 
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ably  longer  air-gap  than  would  otherwise  be  the  case.  As  the  ef- 
fectiveness of  the  radio-active  substance  does  not  change  or  weaken 
within  a  reasonable  time,  this  source  of  radiation  requires  no  atten- 
tion and  may  be  regarded  as  practically  constant. 

There  are  several  other  patents,  all  of  which  aim  to  increase 
the  efficiency  of  the  horn  gap,  but  are  more  or  less  improvements 
on  one  of  the  above  mentioned.  A  review  of  the  above  facts  would 
indicate  that  there  are  two  principal  defects  with  the  horn  gap : 

I — When  the  gap  is  broken  down,  the  lightning  discharge  is 
followed  by  the  line  current,  which  continues  to  flow  across  the  gap 
to  ground  until  the  arc  is  lengthened  sufficiently  to  limit  and  ex- 
tinguish this  flow  of  current.  The  cause  of  this  is  traceable  to  the 
slowness  of  the  arc  in  rising  on  the  horns.    The  usual  method  of 


FIG.  8 

overcoming  this  defect  has  been  to  insert  resistance  in  the  ground 
lead,  thus  limiting  the  current  to  an  amount  which  would  not  cause 
a  disturbance  on  the  line.  Some  inventors  have  endeavored  to 
correct  this  by  increasing  the  magnetic  field  induced  by  the  arc, 
thus  causing  the  arc  to  rise  more  rapidly  on  the  horns,  and  it  is 
evident  that  if  this  could  be  successfully  accomplished,  there  would 
be  no  necessity  for  inserting  resistance  in  the  ground  lead,  as  the 
arc  would  insert  its  own  resistance  and  be  extinguished  before  it 
could  cause  any  serious  disturbance. 

2 — The  Siemens  horn  gap,  as  constructed,  requires  a  close  set- 
ting of  the  air-gap,  and  a  small  variation  makes  a  considerable  dif- 
ference in  its  effectiveness  as  an  arrester.  If  the  gap  be  widened 
too  much,  the  arrester  soon  becomes  ineffective.  This  point  has 
been  seriously  considered  ])y  inventors,  and  some  of  the  methods  of 
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overcoming  this  defect  have  been  set  forth  in  patents  as  described 
above. 

An  interesting  improved  horn  gap,  which  has  recently  been 
placed  on  the  market,  aims  to  overcome  all  of  the  above  defects  in 
a  very  simple  and  effective  manner.  This  is  illustrated  in  Figs. 
7,8,9,  10,  II,  12  and  13.  In  Fig.  7  is  illustrated  a  single  loop  sc- 
ries horn  gap.  In  this  case  there  has  been  a  radical  change  in  the 
method  of  using  the  horn  gap.  Whereas  previous  horn  gaps  have 
been  connected  in  shunt  with  the  line,  this  device  is  connected  /;; 
scries  with  the  line,  and  all  the  working  current  flowing  in  the  line 
also  flows  around  the  horn,  the  horn  also  acting  as  an  effective 
choke  coil.  This  device  is  so  constructed  that  a  sharp  bend  is  made 
in  the  line  at  the  arcing  point,  and  it  is  evident  that  current  flow- 
ing in  the  line  will  meet  its  first  obstruction  at  this  point,  and  the 
potential  stresses  will  be  built  up  at  this  point,  and  consequently 


FIG.  9 


FIG.  10 


have  a  maximum  tendency  to  jumj)  the  gap.  It  is  claimed  that 
with  this  construction  the  accurate  .setting  of  the  air-gap  is  no 
longer  of  ])rime  imi)ortance,  as  an  arrester  of  this  construction  can 
have  an  air-gap  50  percent  greater,  and  still  be  more  sensitive 
than  an  arrester  of  the  old  type,  thus  allowing  a  larger  air-gap  to 
be  used,  and  enabling  this  type  of  arrester  to  operate  successfully 
on  as  low  a  voltage  as  2  200  volts.  It  is  further  claimed  that  this 
arrester  is  very  effective  in  relieving  static  from  the  line.  It  is  also 
very  evident  that  with  this  construction,  the  magnetic  field  will  be 
increased  by  the  amount  of  working  current  which  is  flowing  around 
the  horn,  and  it  is  claimed  that  on  bnv  voltage  lines  carrying  25  am- 
peres and  above,  this  additional  increase  in  the  electro-dynamic 
field  is  sufficient  to  allow  the  arrester  to  operate  without  any  resi.st- 
ance  in  the  ground  lead,  the  arc  rising  and  lengthening  on  the  horns 
.•io  rapi<lly  that  sufficient  resistance  is  almost  instantly  interposed, 
and  the  current  limited  in  this  manner. 
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In  Fig.  8  is  shown  a  development  of  this  construction,  whereby 
a  series  of  five  turns  are  used,  thus  increasing  the  choke  coil  effect 
and  the  electro-dynamic  field  to  such  an  extent  that  it  is  claimed 
that  this  arrester  will  operate  successfully  with  very  little  current 
flowing  in  the  line  with  voltages  up  to  45  000  volts,  without  any 
limiting  resistance  connected  between  it  and  the  ground. 

In  Fig.  9  is  illustrated  a  still  further  development  of  these  same 
principles.  In  this  case  a  spiral  reactance  is  placed  in  the  ground 
lead.  This  at  first  appears  to  be  a  bad  arrangement,  as  it  is  gen- 
erally considered  bad  practice  to  place  a  choke  coil  in  a  ground  lead 
of  any  lightning  arrester ;  nevertheless,  to  ofifset  this,  it  is  claimed 
that,  where  a  very  efficient  horn  gap  is  desired,  this  arrangement  has 
pfoved  very  effective.  The  ohmic  resistance  of  this  reactance  being 
exceedingly  low,  there  will  'be  little  opposition  to  the  discharge  of 
static,  but  when  an  alternating  or  line  current  attempts  to  follow. 


FIG.    II 

Arrows   indicate   instantaneoui 


FIG.  12 
direction   of   current. 


the  reactance  element  becomes  effective  and  limits  the  amount  of 
current  which  can  flow,  and  also  greatly  increases  the  electro-dyna- 
mic field,  causing  the  arc  to  rise  on  the  horns  very  rapidly.  This 
type  of  arrester  is  recommended  for  protecting  lines  where  a  very 
effective  arrester  is  required  and  where  there  is  not  a  large  amount 
of  current  flowing  in  the  line,  or  where  the  transmission  line  or 
substation  is  out  of  service  part  of  the  time.  With  this  construc- 
tion, the  magnetic  blowout  effect  caused  by  the  lightning  discharg- 
ing through  the  grounded  reactance,  is  sufficient  to  make  the  ar- 
rester operate  without  causing  a  disturbance  on  the  line. 

In  Figs.  10  and  11  are  shown  still  another  development  of  this 
principle.  It  is  claimed  that  on  high  voltages,  such  as  66  000  and 
88  000  volts,  where  horn  gaps  are  used,  the  height  of  a  horn  is  so 
great  that  it  takes  considerable  time  for  the  arc  to  rise  and  lengthen 
sufficiently  to  break,  during  which  time  there  is  a  rush  of  current 
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lo  ground,  which  usually  causes  disturbances  on  the  line.  The  ob- 
ject of  this  construction  is  to  break  the  arc  into  two  parts,  so  as 
to  obtain  the  same  maximum  breaking  distance  in  less  time.  It  is 
claimed  that  with  this  construction,  the  time  required  to  break  an 
arc  is  only  30  percent  of  that  required  by  the  common  type  of 
horn-gap. 

In  Fig.  12  is  illustrated  the  final  development  of  this  type  of 
arrester.  This  differs  from  Fig.  11  in  that  a  third  gap  is  provided, 
which  is  shunted  around  the  grounded  reactance  and  acts  as  a  re- 
lief gap.  If  a  very  heavy  high  frequency  discharge  breaks  down 
the  gaps,  and  the  reactance  offers  too  much  opposition  to  the  dis- 
charge, the  third  gap  will  be  broken  down,  giving  a  direct  flow  to 
ground  until  the  current  is  reduced,  when  the  third  gap  will  break, 


FIG.   13 

leaving  the  discharge  to  pass  through  the  two  gaps  and  the  react- 
ance. The  operation  of  the  third  gaj)  is  very  similar  to  a  shunted 
ga|)  arrester.  In  I'i<^.  13  is  shown  diagrammatically  the  direction 
of  current   through   the  arrester. 

Horn  gap  arresters  built  on  the  above  principles  have  been  in 
successful  oi)eration  for  the  past  three  years  and  are  finding  favor 
throughout  the  countr)-.  They  operate  successfully  without  caus- 
mg  a  disturbance  on  the  line;  they  will  successfully  dissipate  an 
arc  before  the  circuit  breakers  at  the  power-house  can  open ;  they 
require  no  attention;  can  be  mounted  outdoors,  and  will  operate 
successfully  in  all  kinds  of  weather. 


THE  STREET  LIGHTING  AND   FIXTURES  OF 
THE  CITY  OF  NEW  YORK 

ITS  FLAN  OF  DEVELOPMENT  AND  PRESENT  CONDITION 

C.  F.  LACOMBE, 
Chief  Engineer,  Department  of  Water  Supply,  Gas  and  Electricity.  New  York  City 

THE  street  lighting  of  the  City  of  New  York,  to  the  average 
citizen,  is  one  of  those  simple,  obvious  matters  of  daily 
life  that  is  always  with  him,  and  is  taken  as  a  natural 
phenomenon  like  daylight.  It  is  only  when  it  is  very  inferior 
and  he  cannot  see  sufficiently  well,  that  he  notices  it,  and  then, 
of  course,  to  complain.  As  a  matter  of  fact,  however,  since  the 
birth  of  electricity,  street  lighting  has  grown  into  an  art,  as  well 
as  an  exact  science.  This  is  said  advisedly,  for  successful  light- 
ing is  a  combination  of  both.  Without  artistic  treatment,  it  is 
not  attractive,  and  without  scientific  study  it  is  not  economical. 
It  has  been  said  many  times  that  street  lighting  developed  first 
as  a  police  function,  and  that  this  function  is  its  most  important 
one.  Mr.  Roosevelt,  when  a  police  commissioner,  is  credited 
with  the  remark  that  "an  arc  light  is  equal  to  a  policeman."  That 
is  probably  so,  but  the  lighting  of  the  city  has  now  progressed 
far  beyond  the  police  requirements  of  his  day.  Street  lighting 
is  undoubtedly  a  great  aid  to  policing  the  city,  but  the  lighting 
that  has  served  for  that  purpose  is  no  longer  satisfactory.  In 
older  days,  even  in  this  city,  the  night  life  was  comparatively 
short ;  people  out  after  twelve  or  one  generally  gave  an  excuse 
for  it.  Today,  after  the  theatre  comes  the  supper,  the  cabaret 
show,  dances  until  breakfast,  etc.  The  night  workers  who  pro- 
duce all  the  things  demanded  by  the  present  prodigals,  are  thou- 
sands in  number,  and  the  streets  in  Manhattan  Island  are  now 
lighted  not  only  for  the  police,  but  for  the  general  use  of  the 
people  who  wish  to  be  amused,  and  the  people  who  have  to  work 
to  amuse  them. 

To  contrast  the  old  and  the  new  conditions,  it  may  be  noted 
that  the  amusement  center  of  today,  thirty  years  ago  was  known 
as  Longacre  Square,  rarely  seen,  lighted  by  open  flame  gas 
lamps  and  occupied  by  cheap  little  stores  and  grubby  boarding 
houses.  It  seems  that  the  present  congested  condition  in  Man- 
hattan justifies  the  statement  that  the  day  requiring  only  police 
lighting  is  ]>ast,  the  day  of  real  street  illumination  for  great  and 
general  use  through  the  night  has  arrived,  and  any  system  of 
street  lighting  that  does  not  fill  this  requirement  is  insufficient. 
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luirlhcr,  this  lias  been  due,  witliout  any  (jucstion,  to  the  impulse 
given  by  electric  lighting  and  the  scientihc  and  artistic  advance  of 
illumination  by  electricity.  Photographs  of  the  old,  the  present 
and  the  coming  street  lighting  are  shown  b\-  the  illustrations  ac- 
companying this  article. 

In  order  to  make  the   lighting  situaticjn   in   this   city  clear,   it 
is  necessary  to  describe  briefly  the  limitations  under  which  one 
has  to  work  in   the  city  government.       Like  all  artistic  or  utili- 
■j  tarian  things,  illumination  is  a  matter  of  money 

^^^  to   a   certain    degree.     Since    1905,   the   Legisla- 

^^  ture  has  limited  jiroperly  the  prices  to  be  paid 

*-'!  for  illuminating  units,   and   the   Board  of   Esti- 

j  )  mate  and  Apportionment,  in  the  budget,  has  lim- 

ited from  year  to  year  the  numl)er  of  units  of 
illumination  that  may  be  added  by  setting  the 
amounts  of  money  that  can  be  used  in  each  bor- 
ough. There  are  further  limitations  in  connec- 
tion with  opening  streets,  etc.,  which  restrict  the 
time  of  construction,  particularly  in  Manhattan 
and  Brooklyn,  so  that  only  a  certain  amount  of 
physical  work  can  be  done  each  year.     In  con- 

I  sequence,  progress  in  improving  lighting  is  slow 

and  con.servative,  to  avoid  fre([uent  changes,  and 
should  be  so,  particularly  in  the  older  sections  of 
the  city.  New  units  are  not  adopted  without 
careful  study  and  trial,  and  in  this  term  units, 
is  included  both  the  light  source,  its  reflectors 
and  diti'using  media.  From  this  you  can  see 
that  we  are  limited  to  the  use  of  standard  tried 
lighting  units,  as  the  illumination  purchased 
by  this  city  must  not  be  affected  to  its  detri- 
ment. 

The  city  contracts  with  jjublic  service  corporations  to  sup- 
ply it  with  certain  illumination  and  illumination  service  on  its 
streets.  This  means  that  the  illumination  is  to  be  given  by  cer- 
tain proved  lighting  appliances,  or  in  other  words,  proved  units, 
and  these  appliances  or  units  are  to  be  kept  in  a  condition  giving 
as  nearly  as  possible  perfect  operation.  The  term  "perfect  opera- 
tion'" is  the  definition  of  "good  service."  It  depends  on  many 
elements  and  great  attention  to  detail.  (lood  service  in  electric, 
and    largely     in    gas    lighting,     depends    on     the    operating    and 


KIG.      I — OLD     lASH- 

lONF.D   UGLY    CAST 

IRON    POST 

Used  with  open 
series  arc  lamp  in 
the  early  electric 
ligliting  (lays. 
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reserve  capacity  of  the  central  station  and  its  relays,  the  per- 
fection and  reliability  of  the  distribution  system,  the  detailed 
care  and  attention  given  to  the  most  reliable  lighting  appliances 
obtainable  for  the  system,  and  last,  but  not  least,  the  discipline, 
coordination  and  cooperation  enforced  between  the  ahove  ele- 
ments as  established  and  maintained  by  the  man  in  charge.  This 
man  and  his  loyal  assistants  may  really  be  called  the  slaves  of 
the  lamp,  and  those  of  us  who  have  been  such  slaves,  know  the 
strange  fascination  of  this  work  and  its  demand  for  the  sacrifice 


FIG.  2  FIG.  3 

FIG.  2 — BISHOP  CROOK  POST 

These  posts  have  no  lowering  device,  and  the  lamp  is  recarboned   from 
the  post  or  by  a  tower  wagon. 

FIG.  3 — REVERSE  SCROLL  BRACKET  POST 

Ornamental,  and   as   effective  in   iillumination   as   the  Bishop   Crook  post 
if  not  more  so,  on  account  of  the  addlitional  heighit  of  the  'lamp. 

of  all  else  to  it.  But  that  fascination  and  devotion  mean  good 
service,  and  you  can  never  get  successful  lighting  service  with- 
out it.  Nor  can  you  get  that  steady,  continuous  illumination 
without  which  any  attempt  towards  agreeable  or  artistic  light- 
ing is  futile.     Good  service  is  rare,  but  rare  is  cooperation  be- 
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tween  the  city  and  the  contracliiij^"  company.  This,  on  the  city's 
part,  means  strictly  fair,  semi-jiuHcial  engineering  supervision, 
without  any  political  bias.  The  city  must  watch  jealously  its 
own  interests  through  experienced  and  unbiased  engineers,  and 
insist  on  the  observance  of  simple  business  rules,  such  as  a 
steadily  decreasing  price  for  a  steadily  increasing  use  of  stand- 
ard units. 

On  the  company's  part,  this  cooperation  requires  a  marked 
civic  pride,  an  ambition  to  make  its  equipment  and  service  the 


I 
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ii<;.  4  FIG.  5 

lie.   4 — TWIN    L.\MI'    TOST 

This  post  has  heen  Iciifftlu-nod  lieyond  its  original  height,  and  is  equipped 
with  two  450  watt  enclosed  carbon  arc  lamps. 

Hr,.    3 — M.\ST    ARM    POST 

The  mnst  arms  jiet  the  lamp  away  from  tree  interference.     The  arm  is 
of  steel  and  the  ornamental  sleeves  are  slipped  over  the  steel  posts. 

best  possible  within  its  means,  and  a  broad  policy  of  develop- 
ment encouraging  increases  of  future  additional  business.  Exam- 
ples of  both  are  rare  indeed  in  this  country,  but  a  few  shining 
examples  do  exist.      Assuming  these  conditions  to  be  obtained, 
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then,  let  us  see  what  choice  is  given  us  as  to  the  lighting"  ap- 
pliances to  be  used,  li  is  apparent  on  a  moment's  thought,  that, 
as  stated,  such  appliances  must  be  well  tried  and  standard.  New 
appliances  cannot  be  used  on  regular  service.  They  must  be 
given  long  service  tests  in  by-ways  and  unimportant  sections, 
often  improved  and  retired  until  the}^  become  reliable  and  of 
real  value.  Of  such  available  appliances  today,  we  ha\'e  the  arc 
lamp  of  standard  design  for  both  types  of  current  supply,  and 

for  both  multiple  and  series 
systems  ;  the  incandescent  lamp, 
in  various  intensities,  of  the 
carbon,  metallized  and  metal 
filament  types,  for  similar  cur- 
rent supply  and  distril^ution 
systems ;  the  mantle  gas  lamp 
with  either  vertical  or  inverted 
mantles,  increasing  in  number 
of  mantles  for  increasing  illu- 
mination, and  further,  naphtha 
mantle  lamps,  g'^'ing  the  same 
illuminating  effect  as  vertical 
mantle  gas  lamps,  In  addition, 
but  not  available  in  all  parts  of 
the  city,  are  tlie  high  candle- 
])ower  arc  lamps  using  a  metal- 
lic electrode,  -with  which  much 
can  he  done.  In  Manhattan, 
where  the  greatest  congestion 
exists,  we  are  now  trying  long 
burning  white  flaming  arc 
lamps,  giving  srill  higher  illu- 
mination for  general  street 
lighting,  by  installing  a  limited 
number     on    Broadway,     above 


FIG.   6 LAMP  BRACKET 

Foir  use  on  ibuildings  in  narrow 
streets,  where  a  post  would  take  a 
material  width  of  'the  limited  side- 
walk. 


Forty-seventh  street,  and  on  Seventh  avenue,  above  Thirty-fourth 
street.  This  list  of  lamps,  then,  comprises  our  lighting  units,  and 
they  are  the  tools  with  which  we  must   work   at   present. 

This  city  differs  from  others  in  that  we  have  two  systems 
of  street  lighting,  one  low  tension,  direct  and  alternating-cur- 
rent multiple  in  the  Borough  of  Manhattan  and  part  of  Brook- 
lyn, whereas  in  all  the  other  boroughs,  and  in  by  far  the  larger 
part  of  Brookl3'n,  the  street  lighting  is  by  means  of  compara- 
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tively  liij^h  tension  direct  an.l  ahernatint;-series  systems,  with  a 
few  minor  exceptions.  Gas  supply  for  mantle  li<,duing  is  avail- 
able throughout  the  greater  city,  except  in  a  few  remote  sec- 
tions. Naphtha  mantle  lamps  arc  still  used  for  frontier  light- 
ing, where  neither  gas  nor  electricity  is  available.  It  was  for- 
merly used  in  parks,  but  is  now  being  abandoned  for  obvious 


1-k;.  7  Fir,.  8 

FK;.   7 — LVRK  TOl'   I'OST 

L'si-d  in  parks,  and  in  ccntt-r  parked  pleats  on  broad 
stret'ts. 

KK;.   8 — KXHERI.VIK.NT.AL   POST 

The  lamps  must  he  taken  into  the  streets  to  secure  the 
final  effect;  work  in  the  lalxtratories  is  not  enough.  The 
posts  ar:.-  adjustahle  as  to  position  and  hei.nht,  and  are 
equipped  with  f..ur  lamps,  oach  with  a  different  tvpe  of 
retlcctor. 

reasons,  in  favor  of  the  tungsten  incandescent  lamps.     Of  these 
various  units,  in  the  greater  city,  there  are  : 

19  i8o  arc  lamps. 

I7«>)i   incande.sccnt  lamps. 

7'^  llaminjr  lanjps.  permanent  and  on  trial. 
-I-I  (^\\  single  mantle  Ras  lamps. 

-•X  inverted  mantle  ji-is  lamps  on  trial. 
1816  napliiha  vapor  lamps— a  total  of  S3  746  lamps  of  all  types. 

I'.xprcsscd  empirically  and  approximately,  in  terms  oi  hori- 
zontal  illumination,   these  lamps    give    an    illumination  ecjuivalent 
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to  fifteen  million  candles,  and  are  furnished  by  twenty-eight 
lighting  companies.  For  the  purpose  of  street  illumination, 
these  lamps  are  used  in  the  following  manner: 

Arc  lamps,  reinforced  by  flaming  arc  lamps,  at  points  of 
great  congestion,  as  at  Times  Square,  Manhattan. 

Arc  lamps  on  main  avenues  and  business  streets,  practically 
over  their  whole  length  in  Manhattan,  and  as  far  as  necessary 
in  other  boroughs,  and  then  merged  into  tungsten  incandescent 
electric  or  gas  mantle  lamps. 

Gas  lamps  are  generally  used  in  the  residence  districts  and 
on  unimportant  streets,  little  used  at  night,  although  of  late,  for 
many  reasons,  the  tungsten  lamj)  has  made  great  inroads  on  this 
territorv. 


FIG.   9 — NIGHT  VIEW  OF    STREKT   LIGHTED   BY     LAMPS    ON    EXPERIMENTAL   POSTS 

Ten  years  ago  last  month,  when  the  supervision  of  the 
illumination  of  Manhattan  and  the  Bronx  was  put  in  the 
charge  of  an  engineer,  it  was  found  to  be  inadequate,  unsym- 
metrical  and  out  of  date,  the  arc  lamps  on  the  main  avenues 
were  insufficient  and  often  placed  irregularly,  too  far  apart  and 
not  in  symmetry  in  line  or  in  height,  except  where  standard  fix- 
tures were  employed.  Open  flame  gas  lamps  were  in  the  ma- 
jority, with  mantle  gas  and  arc  lamps  often  mixed  in  with  them. 
In  other  words,  there  was  little,  if  any,  system  of  lighting.  As 
soon  as  possible,  this  was  corrected ;  first,  prices  were  materially 
reduced  by  continuous  agitation,  and  second,  a  plan  of  lighting 
developed.  All  open  flame  gas  lamps  were  discontinued.  Arc 
lamps  were  practically  doubled  in  number  at  street  and  avenue 
intersections,  and  symmetrically  arranged  as  often  as  possible 
on  street  house  lines,  so  that  the  illumination  was  made  as  uni- 
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form  as  it  could  be  with  the  funds  available.  ^Mantle  gas  lamps 
were  put  on  existing  lamp  posts  on  all  residence  streets,  where 
arc  lighting  did  not  exist,  as  it  did  in  a  few  quarters.  This  sys- 
tem as  a  whole  has  proved  efficient  and  has  been  followed  with 
improvements  as  they  are  worked  out.  The  result  is  shown  in 
the  uniform  increased  system  of  distril^ution  of  light  sources  in 
long  straight  i)arallel  lines,  exemplified  best,  first  by  Seventh 
avenue,  above  Central  Park,  and  Fifth  avenue,  from  Washing- 
ton square  to  Si.xtieth  street,  and  now  by  almost  all  the  avenues 
in  ^Manhattan,  from  West  to  East,  running  Xorth  and  South,  as 
well  as  on  the  main  streets  running  East  and  West. 


^  y 


FIG.     lO  Flf:.     IT 

FIG.    10 — TVPF.  OF   POST   .\NI)   I.ANTKR.X    L"SKD  .\Ror\ii    li  \  \- 

SYI.VANMA    STATION 

This  is  a  hisih  post  and  is  used  with  heavy  dilliiiiiig 
glassware   for    Xernst   or   hij^di   power   tungsten   lamps. 

FIG.     II — TUNGSTEN    ILLUMINATION    AT    ISLF.    OF    SAFF.TY, 
TIMES    SQUARE 

Late  in  1905,  the  engineering  charge  of  the  illumination  of 
the  Greater  City  was  put  under  one  man  as  chief  engineer,  and 
early  in  1906  such  control  was  formally  assumed.  The  same 
general  system  as  used  in  Manhattan  and  the  r.ronx  was  put 
in  effect  in  the  other  boroughs,  and  the  bureau  organization  in 
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these  boroiiglis  made  to  conform  t(j  tlie  simple  system  of  devel- 
opment in  illumination  just  described  in  Manhattan.  It  was 
modified  in  some  ways,  for  in  the  outlying  sections  of  Brook- 
lyn and  in  Queens  and  Richmond  the  problem  was  quite  dif- 
ferent. In  these  boroughs  it  was  the  illumination  of  small  towns 
and  centers,  with  long  connecting  roads  through  truck  farm- 
ing districts  from  center  to  center. 


These  districts  are  lighted 
by  means  of  far  flung  alternating  and  direct-current  series  sys- 


FiG.  12  FIG.  13 

FIG.    12 — TYPE      OF   POSTS   USED   FOR   FL.\MING   ARC   LAMPS 

Surrounding  the  new  Municipal  Building.  This  building  is  expected  to 
be  the  center  of  great  congestion.     Hence,   a  powerful  lighting  is   desirable 

FIG.    13 — HIGH    TWIN   POSTS  AND   FLAME  ARC   LAMPS  IN    SQUARES  AND  OPEN   PLACES 

Supplementing  standard  and  inverted  arcs  and  tungsten  post  lighting. 
These  high  powered  lamps  are  located  on  prominent  squares  and  corners 
where  considerable  congestion  requires  exceptional  illumination.  The  'lamps 
are  located  about  40  feet  above  the  sidewalk  and  take  12  amperes  per  pair. 

tems  of  electrical   distribution   overhead  on  poles,   with   all  the 
limitations    of    such    suburban    systems    and    companies.         The 
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same  rule  was  worked  out  in  symmetrical,  continuous  and  uni- 
form illumination  with  arc  and  tun-Tsten  lamps,  and  there  are 
now  established  certain  lines  of  well  lighted  roads  from  the  City 


KK;.     14 — TIMES    SyUARE    ON     FXECTION     MCHT 

The  congested  nftsses  of  people  indicate  the  necessity  for  having  tiic^e 
squares  so  hrilliantly  li^lited.  No  direct  rays  are  seen  from  tlie  lamps,  be- 
cause they  were  Immled  to  keep  tlieni  from  shinini;  on  the  screens  on  which 

the  election   retnrns  wt-rc  sImwii. 

Hall   in   Manhattan,  north   to   Vonkers.  cast  to   Xassau  county, 
antl  Central  Lonij^  Island,  as  well  as  its  north  shore,  southeast  to 


548 


THE.  ELECTRIC  JOURNAL 


Rockaway,  south  to  Coney  Island,  and  (excepting  the  ferry)  to 
the  southermost  point  of  Staten  Island.  Cross  and  inter-con- 
necting roads  through  country  districts  are  also  carefully  il- 
luminated. Other  projects  on  this  line  are  now  building  or 
planned,  such  as  the  Boston  Road  and  Pelham  Parkway,  and 
Park  to  Pelham  and  the  South  Shore  of  Connecticut ;  another 
route  is  via  the  Eastern  Parkway,  Brooklyn,  to  the  Merrick 
Road  and  the  South  Shore  of  Long  Island. 

This  general  development  is  now  established  on  such  basic 
lines  that  it  can  develop  consistently  and  witJK^ut  duplication 
of  equipment  expense  with  the  use  of  the  present  units  of  illumi- 


I-'IG      15-liLKKlCK    WAGON    ERECTJXG    A    LAMP    POST 

nation,  so  that  until  congestion  spreads  from  Manhattan,  the 
lower  portion  of  the  Bronx  and  Brooklyn,  to  the  outlying"  sec- 
tions to  the  extent  that  a  considerable  change  from  overhead 
line  construction  to  underground  subways  becomes  necessary, 
the  development  need  only  be  to  units  of  greater  intensity  and 
not  a  change  in  system  or  equipment  to  any  considerable  extent. 
A  certain  handicap  will  exist  for  some  years  in  obtaining 
the  best  distribution  of  illumination  in  the  suburbs  on  account 
of  the  overhead  lighting  lines  and  lighting  being  kept  on  one 
side  of  the  street  to  avoid  duplication  of  pole  lines,  but  this,  in 
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time,  will  be  removed.  In  the  congested  area  of  Manhattan 
and  in  the  Bronx,  where  underground  distribution  exists,  the 
locations  of  the  lamps  on  the  main  avenues  are  secured,  and  to 
realize  the  full  perfection  of  the  present  plan,  only  more  power- 
ful sources  of  illumination  are  needed,  and  it  is  to  that  end  the 
experiments  with  flaming'  arc  lamps  on  Broadway  and  Seventh 
avenue  are  being  made. 

In  the  development  of  lighting  in  this  city,  we  have  been 
careful  to  avoid  freak  or  too  accentuated  lighting,  on  certain 
streets,  as  has  been  the  case  in  some  cities.  The  attempt  has  al- 
ways been  to  keep  to  uniform,  agreeable  lighting,  avoiding  light 

sources  of  high  intrinsic  brilli- 
ancy and  consequent  glare,  but 
where  used  they  are  carefully 
diffused  or  kept  out  of  the  range 
cjf   \ision. 

It  is  all  a  slow.  Init  so  far 
sure  progress  of  evolution,  de- 
velopment and  education.  The 
results  of  the  original  plan  of 
ten  years  ago  are  now  shown  in 
Manhattan,  the  Bronx  and  Rich- 
mond, and  are  beginning  to 
show  in  the  thoroughfares  of 
Brooklyn  and  Queens.  The 
mixture  of  lighting  units  has 
been  generally  removed  or  is  in 
progress  of  removal.  In  the 
last  ten  years,  the  illumination 
of  the  Greater  City,  as  specifi- 
cally defined,  has  increased 
under  this  system  from  seven  million  candles  to  fifteen  million 
candles,   or   an    increase   of    ii8  jjcrcent. 

A  peculiar  and  somewhat  odd  fact,  about  all  this  develop- 
ment is  that  except  in  a  few  isolated  instances,  no  one  in  this 
city  seems  to  realize  the  improvement  made  in  its  lighting  in 
later  years.  Few  newspapers  have  ever  mentioned  it,  and  then 
but  casually.  Xo  realization  that  a  logical  engineering  scheme 
of  development  is  taking  place  has  been  noticed,  although  it 
has  been  inherently  correct  enough  to  have  been  supported  by 
the  commissioners  of  four  political  administrations  of  the  city 


FIG.  l6 — LEAD  COVERED  CABLE  BETWEEN 
LAMPS  IN  THE  PARKS  IS  LAID  DI- 
RECTLY IN  THE  GROUND  WITHOUT 
CONDUIT 
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g-overnment.  It  is  only  fair  to  say  that  the  technical  journals 
and  societies  have  discussed  it  somewhat,  and  a  number  of  other 
cities  have  noticed  and  studied  the  lighting  and  fixtures  in  use 
here  with  a  view  to  their  use  in  their  own  cities ;  in  some  cases 
our  system  has  been  adopted  by  them. 

Even  in  this,  a  sort  of  peculiar  pride  is  taken,  for  this  city, 
rushing  on  in  its  career  to  the  goal  of  the  greatest  city  of  the 
world,  has  little  time  to  do  much  but  growl  at  real  or  fancied 
obstructions  to  its  progress.  In  consequence,  to  keep  up  to  the 
extensions  of  the  lighting  demanded,  the  lighting  officials  of 
the  City  Department  in  charge  of  lighting  have  had  little  time 
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FIG.    17 — COMPARISON    OF    ILLUMINATION    FKOM    TWIN    25O   AND    450    WATT 
ENCLOSED   CARBON    ARC   LAMPS 

Compare  by  areas  of  equal  iUnmination. 

to  do  anything  but  work,  its  efforts  being  devoted  to  making  up 
for  the  lack  of  development  in  the  past,  and  hurrying  forward 
to  meet  the  present  demands. 

In  a  negative  way,  the  work  has  been  noticed ;  for  example, 
since  the  illumination  of  the  avenues  has  been  doubled  .and 
tripled,  we  have  heard  cumpUiints  that  the  side  streets  in  Manhat- 
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tan  and  iIk-  linuix  are  dark,  and  such  conii)Iaints  are  always 
listened  to  attenli\ely,  because  they  help  tlie  enginccrin<^  scheme 
by  impressing-  the  jjolitical  and  linancial  powers  that  be.  The 
side  streets  are  comparatively  dark,  but  in  1904,  when  the  man- 
tle gas  lamps  replaced  the  open  flame  gas  lam])s,  these  streets 
received  more  than  three  tims  the  old  illumination,  so  you  can 
imagine  what  that  illumination  was. 

This  brings  up  the  experiments  made  last  summer  to  meet 
this  condition.  Tlie  installation  of  this  new  lighting  is  await- 
ing the  necessary  funds.  It  may  be  truthfully  said  that  were 
this  city  thrown  back  in  a  day  to  the  lighting  of  ten  years  ago, 
the  contrast  wDuId  ])e  so  extreme  that  there  would  prol)ably  be 
great   alarm.      In   the   elapsed   time   the   increase   has   been   slow 
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and.   in    ci  inse(|uenci'.    not    noticiMl    perceptibl\-    except    fr.»m    year 
to  year. 

The  amoimt  of  lighting  required  to  secure  satisfactory  re- 
sults is  determined  largely  by  the  use  of  the  streets,  but  speak- 
ing comparitively.  it  is  a  matter  of  education.  The  example  of 
a  street  like  b'ifth  a\enue  or  I'.roadway.  attractively  and  bril- 
liantly lighted,  by  advertising  signs,  as  well  as  city  lamps, 
shortly  becomes  the  standard,  and  rc(|uests  for  increased  lighting 
on  other  important  streets  usuallv  refer  to  it  as  the  type  desired. 
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A  poorly  lighted  city  having  only  poor  lighting  standards,  im- 
proves but  little,  the  inhabitants  being  apparently  satisfied.  But 
once  begin  to  improve  the  street  illumination  properly  and  the 
continuing  demand  for  additional  lighting  begins.  The  store- 
keeper quickly  learns  the  value  of  a  well-lighted  street,  and  the 
citizens  at  once  realize  the  comfort  of  it. 

Under  the  engineering  scheme  all  new  lighting  is  carefully 
worked  out  mathematically  and  geometrically,  on  lines  of  proper 
illumination  design.  A  temporary  equipment  is  then  erected, 
movable  if  desired,  and  the  final  effect  obtained  by  the  actual 
trial   and   observation   on   the   street.     All   suitable   kinds  of  re- 
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FIG.    19 — ILLUMINATION   CURVES  FROM   45O  WATT  ENCLOSED  CAR- 
BON   ARCS    ON    A    STREET    HAVING    A    CENTER    PARK-WAY 
FIG.    20 — ILLUMINATION     CURVES     FROM      I50     WATT     TUNGSTEN 

LAMPS 

fleeting  and  diffusing  devices  and  glassware  are  tried  until  the 
best  result  obtainable  is  reached.  This  example  is  then  meas- 
ured and  plotted  photometrically  and  checked  or  corrected,  as 
the  case  may  be.  Lighting  is  no  longer  installed  empirically  or 
by  guess  work. 
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The  newer  lamp  posts  used  for  the  improved  lij^htinj^  are 
also  designed  with  great  care.  Even  hefore  the  Municipal  Art 
Commission  took  up  lliis  matter  in  a  systematic  and  effective 
manner,  as  they  did  some  years  ago,  the  New  York  Edison 
Company  had  anticipated  the  demand  for  more  attractive  fix- 
tures, and  have  been,  and  still  are,  preeminent  in  this  regard.  It 
is  well  to  state  here,  as  one  of  our  working  conditions,  that  with 
few  exceptions  the  arc  lighting  posts  and  fixtures  belong  to 
the  comjjanies  throughout  the  greater  city.  The  gas  lamp  posts 
all  belong  to  the  city,  as  do  the  tungsten  posts  in  the  streets 
and  parks  on  underground  service.  The  lanterns  and  lamjis 
themselves  belong  to  the  lighting  companies.  They  were  first 
drawn,  llu-n  life  size  plaster  models  made  and  revised,  then  the 


KK;.    2\ — 11.MM1.\.\T1().\    l:V    TUNGSTKX    l.A.Ml'S    ALU.Nc;    TllK    MALI. 

l)attcrns  developed  and  corrected  until  a  satisfactory  and  har- 
monious result  was  attained.  They  combine  artistic  effect  with 
engineering  construction.  These  posts  are  submitted  to  the  .\rt 
Commission  in  every  case  and  their  criticisms  embodied  in  the 
final  result.  The  city's  jiosts  also  go  through  this  pr(»oe>s.  In 
one  case  the  .\rt  Commission  had  designs  drawn  and  paid  for. 
of  both  the  lanterns  and  posts  for  tungsten  lamps  for  Central 
Park.  This  design  has  been  used  extensively  throughout  the 
.city  since,  and  has  been  copied  by  other  cities.  The  new  po>t-i 
for  side  street  lighting  will  also  be  submitted  to  them,  when 
funds  arc  received,  and  it  is  hoped  that  all  the  ugly  posts  will 
-shortly  disappear  from   Manhattan. 

It  is  natural  that  the  attempt  to  make  the  lighting  an.i  n.\- 
turcs  artistic   should  begin,  like   the   improved  lighting  system, 
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in  the  boront>ii  of  g'reatest  cong'estion,  where  it  is  needed  most, 
and  where  the  Hghting  is  recjuired  to  l)e  not  only  useful,  but 
strong',  uniform  and  agreeable.  Manhattan  is  fortunate,  in  the 
engineering  sense,   in   being  supplied   with    its   lighting   service   by 
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FIG.    22 — BROAHWAY   LOOKING    NORTH    FROM    THE   ROOF   OF   THE   TIMES   BUILDING 

Showing  high  candle-power  iiame    arc   lighting,    also    electric    signs    and 
Other  private  lighting. 

a  low  tension  multiple  system,  which  is  flexible  and  very  adapt- 
able to  artistic  efifects  with  safety.  This  lighting  current  is  dis- 
tributed by  underground  lines  and,  with  energy  supplied  from 
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the  greatest  electric   generating  station,  gives  the   best  obtain- 
able service. 

In  addition  to  the  progress  made,  as  here  illustrated,  it  has 
also  been  attempted  to  show,  in  a  limited  way,  some  of  the  di- 
\-crsified  problems  of  tlie  engineer  in  the  lighting  of  this  great 
cil}-.  He  must  ])roporlion  the  lighting  to  the  needs  of  the  va- 
rious streets  or  sections,  and  lo  iheir  importance,  due  to  great- 
er or  less  use.  lie  nnist  lay  oul  a  system  capable  of  great  in- 
crease without  expensive  change  of  e(|uipment,  or  the  contract- 
ing com])anies  will  object;  lie  must  lay  it  out  on  economical 
and  eflficieni  lines  and  obtain  judiciall}-  fair  i)rices  within  lim- 
its, or  the  city  administration  will  object ;  he  must  try  to  elimi- 
nate glare,  or  the  illuminating  engineers  will  protest,  and  he 
must   make   it  agreeable  and  as  artistic  as  possible,  or  the   ^fu- 


FIC.   23 — eiTV   COLLEGE   BLILHI  \(;S    .\  T    .NUIMT 

TIlis  Iniildinu  is  liKlitcii  from  lamps  across  the  stroet.  In  otlicr  words, 
wlu-n  looking  at  the  Imilding  no  lights  glare  in  the  eyes  and  the  complete 
ircliitectural  effect  is  brought  out  almost  as  well  at  night  as  in  tlic  day  time. 
The  City  Puhlic  Library  is  also  lighted  by.  this  method.  The  illumination  on 
the  buildings  is  alwut  o.i   candle- foot. 

nicipal  Art  Society  and  C'ommission  will  criticise.  Agreeable 
and  successful  lighting  is  a  combination  of  the  etTorts  of  all  the 
different  interests  mentioned.  It  is  not  only  a  matter  of  artistic 
posts,  but  also  artistic  lighting,  if  that  term  may  be  used.  To 
pro(hice  the  best  results,  one  must  have  the  support  of  the  city 
ami  the  contracting  company,  'i'he  posts  and  the  lighting  must 
both  be  artistic  and  agreeable.  The  position,  height  and  design 
of  the  supporting  post  have  much  to  do  with  the  effect  of  the 
distribution  of  the  lighting,  as  well  as  its  <■'-'      Tn  the  couibina- 
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tion  of  these  elements  the  municipal  administration,  the  com- 
pany, the  artist  and  the  engineer  can  well  work  together.  The 
administration  should  provide  the  necessary  funds  for  steady 
progress  in  lighting,  both  in  extension  of  service  and  improve- 
ment in  illuminating-  units,  etc.  Within  limitations  the  artist 
nuist  not  demand  too  extremely,  artistic  design  in  lighting.  It 
is  too  costly,  except  in  certain  instances.  In  the  general  light- 
ing of  a  great  city,  the  useful  side  must  have  as  great  weight 
as  the  artistic.  The  engineer  also  should  not  cling  too  closely  to 
the  most  efficient  and  economical  devices,  which  detain  only  the 
greatest  illumination  at  the  lowest  cost,  for  the  lighting  must  be 
made  agreeable  to  the  eye. 

In  street  lighting,  unless  surrounding  buildings  are  to  be 
specially  illuminated,  the  useful  rays  are  those  that  can  be  di- 
rected towards  the  ground.  To  make  this  agreeable,  the  point 
source  of  an  arc  lamp,  for  instance,  must  be  made  into  a  ball  of 
softened  light  by  diffusing  gloibes  or  shades,  and  this,  so  far  as 
is  possible,  thrown  toward  the  ground  by  either  interior  or  ex- 
terior reflectors.  This  loses  efficiency  to  a  certain  amount  by 
the  absorption  of  the  light,  and  demands  either  closer  spacing 
or  more  powerful  sources  of  illumination  at  greater  heights  from 
the  ground.  It  is,  consequently,  more  expensive.  So  far,  it  has 
been  used  mainly  in  Manhattan,  and  there  principally  on  its  main 
avenues.  In  other  locations,  we  approach  nearer  to  the  naked 
source  of  the  light.  This,  in  turn,  means  glare  and  is  not  as 
agreea'ble,  although  very  useful  and  less  expensive.  Consider- 
able success  in  suburban  sections  of  the  city  has  also  been  at- 
tained by  abandoning  the  intense  arc  unit  and  using  three  to 
four  60-70  candle  power  tungsten  lamps,  and  so  obtaining  bet- 
ter distribution,  with  less  glare,  and  at  about  the  same  cost.  It 
is  to  the  work  of  aiding  in  the  extension  of  diffused  lighting  in 
sufficient  amount  that  the  efforts  of  all  should  be  devoted.  The 
administration,  the  company,  the  citizen,  the  artist  and  the  en- 
gineer should  all  work  to  this  end.  The  progress  of  this  lighting 
depends  on  the  aid  the  other  factors  in  this  work  give  the  en- 
gineers in  charge. 

There  is  nothing  new  in  this  plan  of  lighting.  The  ancient 
torch  bearer  always  held  his  torch  as  high  as  possible  to  avoid 
glare  and  to  throw  the  rays  over  as  great  an  area  as  possible. 
The  engineer  uses  his  new  facilities  for  lighting  in  the  same  way, 
puts  the  lamps  as  high  as  possible,  and  throws  the  light  over  the 
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greatest  area  he  can.  He  only  adds  lo  the  torch  bearer's  ef- 
forts, the  diffusing  globes  and  the  downward  reflectors. 

In  the  Borough  of  Manhattan,  the  locations  of  the  posts  for 
street  lighting  have  been  obtained  and  need  only  more  power- 
ful illuminating  units  in  order  to  bring  out  the  full  effect  of 
the  proposed  system.  During  the  past  year  more  powerful 
and  efficient  sources  of  illumination  have  arrived,  both  in  small 
and  large  units.  The  increased  efficiency  of  the  tungsten  lamp, 
which  is  the  smaller  unit,  gives  us  more  illumination  per  unit 
for  the  same  energy  than  formerly,  so  that  in  the  suburban  dis- 
tricts, we  can  increase  the  illumination  by  changing  lamp  for 
lamp  without  any  more  expense  for  energy  consumption.  With 
the  1 50- watt  unit  for  side  streets  in  Manhattan,  excellent  results 
will  be  obtained  on  these  streets. 

The  larger  unit,  the  fiaming  arc  lamp  of  the  long  burning 
type,  is  now  nearly  perfected,  its  illuminating  power  per  watt 
makes  it  very  desirable,  and  it  is  now^  being  used  and  will  l)c 
used  to  illuminate  streets  in  the  center  of  the  city  in  those 
areas  which  are  congested  at  night. 

The  further  development  of  both  the  tungsten  and  flaming 
arc  lamp  is  now  an  assured  fact,  and  it  is  with  these  two  main 
units  that  we  hope  to  work  out  the  further  illumination  of  the 
city.  In  addition  to  these,  luminous  lamps  can  be  used  in  dis- 
tricts where  series  arc  lighting  is  in  vogue.  The  flame  arc  lamp 
and  the  magnetite  lamp  are  both  types  which  could  be  used  in 
important  sections  or  streets.  By  far  the  greater  territory  in  the 
city  will  be  covered  for  a  long  time  to  come,  however,  with  our 
old  standby,  the  standard  enclosed  carbon  arc  lamp  and  the 
mantle  gas  lamp,  with  either  upright  or  inverted  mantles.  It 
is  believed  that  with  these  illuminating  units  and  the  use  of 
the  same  care  in  the  future,  the  lightning  of  the  city  can  go  for- 
ward as  rapidly  as  desired  within  the  physical  and  financial 
limitations,  and  in  due  time  will  become  not  only  an  attractively 
lighted  citv.  but  the  best  liyhtcd  citv  in  the  world. 


ECONOMIC  LIGHTING  OF  STREET  CARS 

S.  G.  HIBBEN  and  E.  M.  SMITH 

DISTINCTLY  economic  methods  of  lighting  street  cars  have, 
until  the  present  time,  been  developed  but  very  little.  The 
use  of  high  efficiency  tungsten  lamps  and  properly  designed 
reflectors  has  been  extended  to  practically  every  other  large  field 
where  continued  artificial  illumination  is  required,  even  to  the  light- 
ing of  steam  railway  coaches,  but  the  inefficient  method  inxolving 
bare  carbon  filament  lami)s  is  yet  in  vogue  with  the  majority  of 
city  and  surburban  electric  railway  companies.  Several  companies 
have  replaced  their  carbon  lamps  (usually  of  the  64  watt,  16  c-p 
size)  v^dth  23-25  watt  tungsten  lamps  in  the  same  sockets,  which 
is  admittedly  a  step  towards  economy,  but  which  fails  to  secure 
the  best  utilization  of  the  generated  light  flux  because  of  the  lack 
of  reflectors,  and  violates  the  first  principles  of  optical  hygiene. 
To  reduce  the  total  cost  of  wiring  and  fixtures,  to  utilize  a  higher 
percentage  of  the  light  flux  and  to  protect  the  eyes  of  passengers, 
are  problems  which  are  solved  ])y  the  use  of  a  smaller  number  of 
shielded  lamps. 

By  the  use  of  a  modern  system  similar  to  the  one  herein  out- 
lined, a  considerable  saving  of  current  will  result,  accompanied  by 
a  large  increase  in  the  amount  and  pleasing  qualities  of  the  result- 
ant ligh.t.  Current  at  the  car  is  expensive,  even  though  it  is  gen- 
erated cheaply.  Perhaps  the  reason  for  the  slow  growth  of  meth- 
ods of  strict  economy  in  street  car  lighting  is  that  the  lighting  ex- 
pense is  not  so  apparent  as  it  is  in  steam  railway  or  storage  battery 
service.  But  any  considerable  saving  of  current  may  mean  more 
power  for  traction ;  more  cars  in  service  with  the  same  power 
plant  equipment ;  less  copper  cost  for  distribution ;  extra  power 
for  heating,  for  moving  signs,  or  for  brakes ;  or  decreased  all- 
around  costs  of  operation  per  car-mile. 

Any  improvements  in  the  illumination  are  very  consciously  ap- 
parent and  pleasing  to  the  passengers,  since  in  these  cars  there  is 
a  great  amount  of  reading  of  fine  print  under  adverse  conditions 
of  jarring  and  of  voltage  fluctuations.  During  rush  hours,  and 
especially  when  cars  are  accelerating  or  climbing  grades,  the  old 
lighting  systems  are  more  than  unsatisfactory. 

THE    LT(;iTTrNG    EOUIPIMENT 

The  average  car  lighting  equipment  at  present  consists  of  17 
to  22  of  the  so-called  16  candle-])ower,  or  64  watt  carbon    filament 
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lamps  arranged  ,„,  the  center  deck  <.f  the  car.  and  fn.ni  S  t,,  13 
sinn'Iar  lamps  distributed  on  the  platforms  and  in  the  headli^dit 
and  signs.  Such  lamps  are  rated  at  110  volts,  burning  in  groups 
of  five  in  series  on  the  nominal  550  volt  power  circuit,  and  have 
no  shades  or  reflectors. 

The  most  modern  car  lighting  equipment  consists  of  five  ^s 
to  90  candle-power.  94-100  watt  Mazda  lamps,  arranged  four  in  the 
car  body  and  one  on  the  rear  platform,  supplemented  ( in  all  cars 
but  trailers)  In-  a  circuit  of  five  nominal  25  watt  :^Iaz(la  lamps, 
for  the  fron.t  vestibule,  headlight,  sign,  and  over  the  car  steps. 
iMg.   I   illustrates  an  interior  view  of  a  car  with  this  arrangement. 


I  It..    ]_.sTki:KT  t..\K    I.\T1;RI0R    KyriPPKI)   WITH    FOUR   QO  C.V.MILK-POWKK 
94-100   WATT    M.\ZI>.\    L.\MPS 

ihe  five  large  lamps  are  equipped  with  a  deep-bowl  type  of  .\lba 
glass  reflector  to  redirect  the  light  to  the  seat  level.  An  auxiliary 
lamp  is  wired  in  each  circuit,  and  ordinarily  shunted  through 
a  manual  .selector  switch.  This  au.xiliary  lamp  i.  u^ualK  located 
on  the  rear  platform. 

-\  plan  of  the  arrangement  of  the  main  lighting  units  is  shown 
in  I'lg.  J.  I'ig.  3  shows  the  wiring  diagram.  I  nit  Xumber  i 
^vlll  be  shunted  in  the  pl•e■^ent  i)osition  of  the  switch  con- 
tacts, since  the  switch  arm  bridges  two  contact  points.  My  moving 
this  arm  around,  successive  lamjjs  will  be  cut  out  and  any  burnt- 
out  lamp  can  in  this  way  be  quickly  detected,  and  cut  out  of  cir- 
cuit or  bridged  around,  so  that  continuous  lighting  service  is  se- 
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cured.  \Mien  the  car  reaches  the  end  of  the  line,  or  at  any  con- 
venient stop,  the  auxiHary  rear  platform  lamp  may  be  substituted 
for  the  burnt-out  lamp.  The  brass  fixtures  holding  the  reflectors 
arc  of  a  type  that  clamp  completely  around  the  necks  of  the  shades, 


'•^t  in^— CJin»-d3  in»7i3  in*— 33  in^-t<33  m.*;^33  in.»;-33  in.*^3  in.«^33  in  "^33  in -t<33  inT-lO  tnt- 
Slations  6  i  2  3  4  5  6  7  8  6  10  11         12      13  Stations 


W      Service  Lamp.  90-100  Vvatt  tungsten 
y^      Auxiliary  Lamp,  ordinarily  not  burnine 

FTG.    2 — UnilTTNG    ARRANGEMENT   PLAN    FOR    MAIN     lOO    WATT    UNITS 

SHOWN  IN   FIG.   I 


and  will  not  work  loose  by  jarring.     A  short  porcelain  receptacle 
for  the  lamp  base  may  be  set  into  holes  in  the  deck,  or  the  recep- 
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FIG.    3 — WIRING    DIAGRAM    OF    lOO    WATT    TUNGSTEN     SYSTEM     SHOWING 
METHOD    OF    SHORT-CIRCUITING    A    BURNT    OUT    LAMP 

tacle  may  extend  some  three  inches  below  the  deck  and  be  attached 
by  four  wood-screws. 

ILLUMINATION    COMPARISONS 

The  new  lio'hting  system  with  the  few  large  shaded  units  is 
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far  ahead  of  any  of  the  previous  methods  in  eBiciency  of  illumina- 
tion. Typical  comparison  tests  are  summarized  graphically  in 
Fig.  4.  These  curves  are  the  results  of  photometric  measurements 
taken  at  the  stations  shown  on  the  plan,   (Fig.  2)   at  the  intersec- 
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FIG.    4 — LICHT    DISTRIBUTION    CURVES    ALONG    TRANSVERSE    AND    LONGITUDINAL 

CAR   SECTIONS 

Shovvinj?  compari-son  between  old  l)are  carbon  lamp  methods  and  more 
modern  shaded  tungsten  system  shown  in  figs  i  and  2. 

tions  of  longitudinal  lines  .[  and  B  and  tiie  twelve  trans\ers(j 
lines  7  to  12.  Readings  of  foot-candles  were  made  in  the  car 
body  only,  at  the  passenger's  reading  height  of  };j  inches,  upon 
first  an  a\crage  unshaded  lain])  ecpiipment,  and  second,  the  new 
shaded  equipment.     The  results  are  recorded  in  Table  I.     A  c<>m- 

TAHLK  I — Li(;iriiN<;  ri;i?i<>u.\iANrK 


NuiiiIkt  of  I^amps    (Car   IJody)  .... 

'I'ni.il    Noininul    WattaRc 

Walts    |i(  r    Si|.    I'l.    i>(    KliM>r 

-VveriiKi'     I  Hum  illation — Foot-cuiiillcs 

Kffcctivc    l.iiiiii'iis    |>t'r    Watt 

Liirlitnu.'      i;i-,iilu-     I'.ri-.Ml 
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i 

l)arison  of  the  full-line  curves  of  1-ig.  4.  rei)resenting  illumination 
with  the  new  system,  with  the  dotted-line  curves  of  the  old  sys- 
tem, meanwhile  keeping  in  mind  the  ^)5  percent  reduction  in  cur- 
rent,   certainly    makes    apparent    the    supremacy    of    the    newer 
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method.  And  yet  the  curves  tell  only  a  part  of  the  story,  for  it 
is  impossible  to  present  in  print  the  neat,  decorative  features  of 
equipment  or  the  diffused  illumination  characteristics. 

It  has  been  stated  that  the  use  of  unshaded  small  Mazda 
lamps  was  l:)Ut  the  beginning  of  progress  towards  high  efficiency. 
With  the  former  ec[uipment  of  17  sixteen  candle-power  carbon 
lamps  the  total  generated  lumens  was  about  2  890,  while  the  four 
eighty-five  candle-power  Mazda  lamps  furnish  3  120  lumens.  This 
shows  an  increase  in  generated  light  (^when  using  Mazda  lamps) 
of  only  eight  percent,  but  due  to  the  reflection  of  the  light  to  a 
useful  plane  by  the  Alba  shades,  the  effective  or  usable  light  may 
be  increased  some  80  percent  (2.3  to  4.2  foot-candles).  Not  only 
is  the  illumination  with  the  new  system  of  a  higher  value,  l)ut  it 
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FIG.    5 — CURVES    SHOWING   COMPARISON   OF   EFFECTS    OF    VOLTAGE   VARIATION    ON 
CARBON    AND    TUNGSTEN    LAMPS    FOR    STREET    CAR    SERVICE 

is  also  more  uniform  under  the  unavoidal^le  conditions  of  voltage 
fluctuations.  Din-ing  the  periods  when  there  is  a  heavy  demand 
for  current,  the  resultant  low  pressure  has  caused  severe  reduc- 
tions in  candle-power  when  using  carbon  lamps,  and  the  original 
lighting  equipment  has  necessarily  been  made  large  enough  in  watt- 
age to  provide  light  during  these  most  adverse  periods.  This  is 
not  necessary  with  the  Mazda  lamps  since,  as  may  be  seen  from 
Fig.  5,  the  decrease  in  voltage  does  not  cause  nearly  so  large  a  de- 
crease in  candle-power  with  these  lamps  as  with  the  carbon  lamps. 
For  instance,  if  500  volts  be  the  average  pressure  at  the  lamps,  a 
reduction  to  460  volts  will  result  in  a  candle-power  decrease  to  56 
percent  of   the   initial    \alue   when   using  carl)on   lamps,   but    \vith 
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Mii/.da  lamps  this  will  he  a  decrease  to  hut  72  percent  of  the  initial. 
The  life  of  tun^^sten  filament  lami)s  has  heen  pro\en  to  he  \erv 
good  in  street  railway  service.  In  one  citw  an  installation  of  2t^ 
watt  tungstens  averaged   i  300  hours.     The   rated  life   (at  bottom 


Time  m  Hours 


FK;.    6 — KAILW.W    ()PI:R.\TING   characteristics    for    a    typical    rXITKI)    STATKS 

CITY    or    600000    Pr.OPLK 

\()ltage  )  of  the  loo-watt  lamps  is  approximately  i  700  hours,  and 
even  one  half  of  this  life  would  still  mean  a  large  margin  of  sa\- 
ing  in  operating  costs. 

COST    COM  I'ARl.SON 

It  is  interesting  to  note  some  representative  cost  figures  that 
are  based  on  the  cliaracteristics  of  a  street  railway  system  of  a 
city  of  medium  size.  .*~>uch  characteristics  are  shown  in  I*"ig.  6. 
giving  the  daily  number  of  cars  in  scr\  ice.  the  average  daily  jjcriod 

TABi.i:  II— i.KaniNt;  costs 
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Final   Total    Yearly   Cost »..-....> 

between  the  average  hours  of  turning  on  the  lights  and  of  exting- 
uishing them.  It  may  be  seen  that  there  are  nearly  4cxx)  car-hours 
of  artificial  lighting  each  day.  or  about  i  5CX)ooo  per  year.  Ba.sed 
on  these  figures,  a  cost  sunimarv  will  be  about  as  shown  in  Table  II, 
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in  that  a  conservative  life  of  800  hours  has  been  assigned  to  the 
large  Mazda  lamps.  The  yearly  expense  of  a  shade  equipment 
has  been  based  upon  interest  on  investment,  breakage  and  deprecia- 
tion, and  cleaning  costs.  The  combined  wiring  and  fixture  costs 
when  equipping  new  cars  with  either  the  new  or  the  old  systems, 
are  practically  equal. 

CONCLUSIONS 

Briefly,  it  is  apparent  from  an  analytical  study  that  the 
Mazda  lamp  Alba-shade  equipment  greatly  reduces  lighting  costs, 
which  reduction  in  a  railway  system  operating  i  000  cars  will  be 
at  least  $13000  a  year  and  probably  $15000  as  the  life  of  the 
lamps  exceeds  800  hours.  The  resultant  useful  illumination  can  be 
increased  80  percent,  while  at  the  same  time  securing  a  cost  re- 
duction of  about  40  percent.  With  Mazda  lamps,  voltage  varia- 
tions will  not  cause  such  large  candle-power  variations  as  occur 
with  carbon  lamps.  Continuous  lighting  service  may  be  secured 
by  means  of  a  selector  switch  or  an  equivalent  device.  Lamps 
placed  deep  in  intensive  reflecting  shades  are  optically  harmless, 
and  the  complete  unit  becomes  pleasing.  These  factors,  and  others 
of  minor  importance  that  might  l)e  mentioned,  will  serve  to  indi- 
cate the  possibilities,  and  a  careful  consideration  of  this  subject 
will  show  why  most  street  railway  companies  are  realizing  that  they 
can  no  longer  afiford  to  continue  the  old  inefficient  lighting  methods. 


LONG  BURNING  FLAME  CARBON  ARC  LAMPS 

G.  \V.  ROOSA 

TIIR  trend  of  improvement  in  arc  lamps  has  been  constantly 
toward  a  lamp  that  will  give  maximum  useful  light,  that 
will  operate  for  a  period  of  reasonable  length  between  trims, 
that  will  show  a  minimum  depreciation  in  candle-power  up  to  the 
end  of  the  trim,  that  will  be  positive  and  simple  in  operation,  and 
which  will  operate  with  the  lowest  maintenance  costs  for  a  given 
amount  of  light.  To  a  large  extent  these  problems  have  been  met 
by  the  flame  carbon  arc  lamp  using  high  efficiency  electrodes  com- 
posed of  homogeneous  mixtures  of  carbon  and  certain  mineral 
salts.  By  introducing  a  proper  proportion  of  cerium  salts,  a  car- 
bon giving  white  light  is  produced ;  one  containing  calcium  salts 
gives  a  yellow  light.  The  high  temperature  of  the  carbon  arc  is 
such  as  to  volatilize  these  salts  and  their  vapors  give  ofif  light  of 
great  intensity. 

TABLE  I — APPLICATION  OF  FLAME  CARBON  ARC  LAMPS 

Lamp  Apirlication  Light  Life 


ISoulivani    Mglitiiig  White  or  vellow  100    to    12.5    hrs. 

Alteniadng    Current    ,    stret-t    Ligliting  U  hito  or  "vellow  

— series  ,    -^ard  Lighting  Yellow 

Alternating    Current        Industrial    Lighting  ,.  ,, 

— Multiple  — Advertising  bellow  or  wnite 

,  Direct    Current —        Industrial     Lighting  ,.,,,. 

Multiple  —Advertising  j      bellow  or  white  

I  Direct    Current — 

j         Multiple-Series  Industrial     Lighting  Vellow   or  white  ' 

During  the  operation  of  flame  carbon  arc  lamps  of  the  earliest 
type,  the  vaporous  by-products  condensed  ui)on  the  globe  in  the 
form  of  a  white  opaque  powder,  the  accumulation  of  which  by  the 
end  of  the  trim,  usually  ten  to  fifteen  hours,  caused  an  undesirable 
depreciation  in  illumination.  Long  burning  carbons,  then,  mean  an 
excessive  depreciation  in  candle-power,  and  the  use  of  short-life 
carbons  means  frequent  renewals  with  attendant  high  costs.  V>y 
carefully  enclosing  the  arc  with  a  small  globe,  condensation  on  the 
globe  is  reduced  to  a  point  sufficient  to  allow  the  use  of  carl)<>ns 
giving  a  desirable  life.  If  this  enclosure  is  properly  made  the  life 
can  be  increased  to  that  of  the  well-known  enclosed  carbon  arc 
lamps.  To  accomjilish  this,  and  at  the  same  time  provide  a  means 
of  disi)osing  of  the  vapors  a  condensing  chamber  is  provided  above 
the  arc.  within  which  pieces  of  magnesia  or  other  substance  arc 
placed  to  absorb  the  gases. 
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Having  incorporated  these  essentials,  the  tiame  carbon  arc 
lamp  illustrated  in  Fig.  i  resulted.  For  indoor  use  a  single  globe 
may  be  used,  but  the  deposit  on  the  glass  is  less  with  two  glohes. 

The    latter    arrangement    is 

common   practice   for   street 

Such  a  lamp  may 


"*L 


msiy 


lighting, 
be  designed  for  alternating 
or  direct-current  circuits, 
and  may  be  operated  on 
multiple  or  series  circuits. 
The  varied  application  of 
tlie  lamp  may  be  seen  from 
Table  I,  which  includes  l^ie 
commercial    types    available. 

ALTERNATING-CURRENT 
LAMPS 

As  the  most  efhcient  cur- 


FIG.  I — ONE  lUJNPRED  HOUR  SERIES  ALTER- 
NATING-CURRENT FLAME  CARBON  ARC 
LAMP 


rent  rating  practical)le  for  flame  carljon  arc 
lamps  is  ten  amperes,  the  auto-transformer 
shown  in  Fig.  2  may  l)e  used  for  alternating- 
current  service,  where  a  few  lamps  are  to  be 
placed  upon  the  existing  street  lighting  circuit 
of  6.6  or  7.5  amperes,  thus  raising  the  current 
at  the  arc  to  10  amperes.  In  larger  new  in- 
stallations, old  regulators  can  be  readily  and 
cheaply  rewound  for  ten  amperes,  thus  saving  fig, 
the  cost  of   auto-transformers  or  new   regula 


2 — SERIES      AUTO- 
TRANSFORMER        FOR 


-&>-""  BURNING      TEN      AM- 

tors.     In  either  event  the  total  initial  and  main-       pkkk    lamps    on    a 

^  r      V     W  6.6     OR      7-5      AMPERE 

tenance    costs    for    a    given    amount    of    lignt       series  circuit 
would  be  less  than  when  a  6.6  or  7.5  ampere  arc 
is  used.     With  hardly  a  single  exception,  white  light  carbons  are 
being  used  for  street  lighting.     The  light  maintains  a  steady  pene- 
trating value  20  percent  below  that  of  the  yellow  light  carbons. 
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When  operated  on  25  cycles  this  new  lamp  is  a  decided  im- 
provement u])on  the  enclosed  carbon  lamp  designed  for  the  same 
frequency  from  the  standpoint  of  illumination.  Although  there  is 
perceptible  flicker,  if  the  lamp  is  mounted  high  and  the  field  illu- 
minated does  not  contain  rapidly  moving  objects,  it  cannot  be  de- 
tected by  the  average  person.  The  alternating-current  multiple 
lamp  for  220-volt,  25-cycle  circuits,  or  440-volt,  60-cycle  and  25- 
cycle  circuits  may  be  operated  with  external  auto-transformers. 
Those   for  the  more  common  circuits   are  self-contained;   that  is^ 

the  lamp  and  auto-transformer  are  complete 
in  one  casing.  The  function  of  the  auto- 
transformer  is  to  reduce  the  line  potential 
to  the  proper  arc  \oltage  and  supply  ten 
amperes  to  the  arc.  The  ballast  necessary 
for  multiple  arcs  is  obtained  by  designing 
the  auto-transformer  to  give  the  desired  re- 
act i\e  effect. 

DIKlvCT-CURKENT    LA.M  I'.S 

The  direct-current  multiple  lamp  is  de- 
signed to  operate  at  6.5  amperes  with  70 
\olts  at  the  arc.  To  consume  ten  amperes 
would  mean  a  lamj)  of  over  one  kilowatt 
capacity  and  excessive  waste  of  energv  in 
necessary  ballasting  resistance.  This  lamp 
is  sh(nvn  in  I'^ig.  3. 

The   direct-current    nuiltiijle-series   lamp, 

tor  reasons  as  obvious  as  those  pertaining  to 

Kic.   3_,>iKKCT  -  (  CRRK.N  r   ^^^^  dircct-curreiit  nuiltiple  lamp,  is  operated 

.via.TipLK    Ki.AMK   CAR-   at   f>.5   ami)eres;   two   of   these  lamps  being 

ARC  LAMP  comiuonly  used  in  series  on  220  volts.    Many 

steel  plants  and  industrial  companies  will  use  this  type  for  reasons 

t)f  high  intensity  and  low  cost  of  operation. 

I'i;ki-<ikm.\.\(  I-:  and  (  iiak.\(  tkkistk  s 

1  he  electric  performance  <»f  the  various  types  of  flame  carbon 
arc  lamps  is  given  in  Table  II. 

Distribution  and  illumination  curves  of  the  flame  carbon  arc 
lamp  are  shown  in  I-'igs.  4  and  3.  Ii  will  readily  be  seen  that  the  use 
<'t  fliflusing  glassware  reduces  the  maximum  points  and  increases 
the  mininuim  points  of  the  distribution  curve,  and  that,  in  general,  it 
lowers  the   illumination   somewhat.     The   actual   candle-power  ob- 
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tained  from  flame  carbons  can  be  increased  materially  so  as  to  give 
a  maximum  value  as  high  as  2  500  candle-power  with  450  watts. 
Good  practice  requires  a  carbon  giving  a  moderate  candle-power 
value,  as  the  other  conditions,  such  as  unsteadiness  and  slagging, 
increase  when  the  necessary  materials  are  introduced  to  give  the 
very  high  values. 

MECHANICAL  OPERATION 

To  understand  the  mechanism  fully  one  should  be  acquainted 
with  the  operation  required  of  it ;  and  to  grasp  the  necessity  for 


TABLE    II— ELECTRICAL 

CHARACTERISTICS 

OF   FLAME    CARBON   ARC    LAMPS 

Tjpe   cf   Lamp 

Terminal 

Watts 

Terminal 
Volts 

Arc 
Amperes 

Arc 
Volts 

Electrical 
Eff. — Percent. 

Power 
Factor 

A-C    Series 

A-0   Multiple 

D-C   Multiple 

D.C     Multiple — Series.      .      . 

450 
450 
715 
715 

55 
100  to  120 
jOO  to  120 
100  to  120 

10 

10 
6.5 
0.5 

47 
45 
70 
70 

ss.o 

81.0 
63.6 
63.0 

82 
61 

other  minor  but  essential  parts  of  the  lamp,  it  is  best  to  understand 
in  what  manner  the  flame  carbon  arc  is  different  from  other  arcs. 
It  has  been  universal  practice  to  locate  the  mechanism  above  the 

TABLi;   IlI^ILLUMINATIOX     CHARACTERISTICS    OF    LAMPS    EQUIPPED    WITH    CLEAU 

GLASSWARE 


Type   of   Lamp 

Anple    of    Max. 
Cp  Below 
Horizontal 

Ma.x.  Cp 

M.  L.  H. 
Cp  per  Watt 

Total  Downward 
Lun.ens 

Direct-Ciu-reiit      Series.      6.6 

ampere      enclosed      carbon 

40  to  5  0  degrees 
10  to  15  degrees 

620 
650 

.94 
1.82 

2825 
3250 

Direct- Current  4  ampere  me- 
tallic     flame      arc      lamp, 
272    watts    

350>     Cp      Tungsten      street 
series    lamp    with    22-iiich 
reflector,    350    watts 

10  to  40  degrees 

420 

0.952 

2375 

Alternating    -   Current     Series 
Flame    Carbon    lamj),    4  50 
watts,  white  light  carbon.s 

5  to  30  degrees 

1700 

3.02 

8725 

Alternating-  -  Current      Series 
Flame    Carbon    lamp,    4  50 

watts,  yellow  light  carbons 

5  to  30  degrees 

2000 

3.57 

9960 

arc,  thus  securing  as  much  useful  light  in  the  lower  hemisphere  as 
possible.  Two  relative  positions  of  the  carbons  have  been  in  vogue 
in  arc  lamp  practice,  one  known  as  "Inclined  Carbons"  and  the 
other  as  "Vertical  Carbons".  In  the  former  arrangement  two  con- 
verging carbons  are  so  placed  that  the  arc  is  between  their  lower 
tips.  The  maximum  light  from  such  an  arrangement  is  thrown 
vertically  downward  and  much  less  outward.     In  the  latter  arrange- 
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ment,  which  is  more  common,  two  carbons  are  placed  in  a  vertical 
position,  one  above  the  other.  This  is  a  more  logical  arrangement 
for  flame  carbon  arc  lamps,  where  the  larger  part  of  the  light  is 
emitted  from  the  arc  path.  The  distribution  curve  in  Fig.  4  shcnvs 
considerable  light  at  such  angles  as  to  make  the  lamp  useful  for 
street  lighting  as  well  as  for  large  interiors.  It  is  required,  then, 
that  the  mechanism  be  such  as  to  allow  the  vertical  arrangement. 

Early   experiments    on   the   electric   arc   between   carbons   im- 
pregnated with  mineral  salts  indicated  that  a  higher  luminous  effi- 
ciency is  obtained  when  the  arc  is  burning  in  a  pocket  of  heated 
gases.     It  was  also  found  that  by  placing  an  inverted  cup-shaped 
piece  above  the  arc,  through  which  the  upper  carbon  passed,  climb- 
ing of  the  arc  upward  on  the  upper  carbon  was  prevented.     Com- 
mercially    these     points 
are  taken  care  of  by  the 
economizer,    Fig.    7.     It 
provides  a  suitable  pock- 
et for  the  heated  gases, 
prevents     the    free    en- 
trance  of   air   from   the 
rest   of    the    lamp,   pro- 
vides, after  a  few  hours 
of   condensation  of   the 
white  powder,  a  fair  re- 
flection    and     diffusion, 
and     steadies     the     arc, 
thus  improving  the  qual- 
ity of  the  illumination. 
If  this  lamp  were  made  with  a  mechanism  similar  to  that  of 
the  enclosed  carbon  lamp,  which  regulates  only  the  upper  carbon,  a 
few  hours  of  burning  would  burn  off  the  lower  carbon  to  a  posi- 
tion where  the  arc  would  be  operating  too  far  below  the  economizer 
to  obtain   the   above  advantages.     Thus   it  becomes   necessary   to 
provide  a  focusing  mechanism,  which  feeds  both  carbons  at  such  a 
rate  that  the  arc  is  kept  approximately  a  constant  distance  below 
the  economizer.     This  is  accomi)lished  by  connecting  the  upper  and 
lower  carbons  mechanically  by  means  of  chains  run  over  the  double 
pulleys   EF,   so  that   a   movement  of   one   means   a   movement   of 
the  other.     The  upper  carbon  is  usually  hotter  as  it  is  in  a  pocket 
of  heated  gases  held  bv  the  economizer.     In  the  case  of  the  direct- 


FIG.   4 — DISTRIBUTION'   CURVES 

Candle-power  at  various  angles  in  a  vertical 
plane  with  A  clear  inner  and  outer  globes,  B 
clear  inner  and  Alarbo  outer  globe. 
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current  lamp,  where  the  upper  is  the  positive  carbon,  greater  heat 
is  produced  here  than  at  the  lower.  As  the  result  of  research  and 
experience  it  has  been  determined  that  the  upjDer  carbon  is  con- 
sumed about  1.65  times  as  fast  as  the  lower  and  should  therefore 
be  fed  faster  in  order  to  maintain  the  desired  constant  position  of 
the  arc.  Referring  to  Fig.  6,  it  may  be  seen  that  the  chain  U  from 
the  upper  carbon  is  fastened  and  passes  up  over  the  larger  part  of 
the  double  pulley  F  and  that  the  chain  L  from  the  lower  carbon 
holder  is  affixed  in  a  similar  manner  to  the  smaller  part  E.  A 
rotation  of  the  pulley  will  cause  the  upi)er  carbon  to  move  about 
1.65  times  as  fast  as  the  lower  carbon,  thus  compensating  for  the 
diif"erence  in  carbon  consumption. 

The  mechanism   is   so  arranged   that  on   starting  the   arc  the 
carbons  are  together  and.  in  case  of  failure  of  the  arc.  the  carbons 
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FIG.    5 — ILLUMINATION    CURV.ES 

C — Derived    from   Curve  //,   Fig.  4. 
D — Derived   from  Curve  B,  Fig.  4. 


will  come  in  contact.  The  upper  carl)(>n  holder  (V  is  lieavy,  causing 
the  carbons  to  fall  together  with  suflicient  force  to  eradicate  the 
slag  troubles  found  in  the  early  development  of  flame  carbons. 

The  mechanism  provides  for  starting,  regulating,  feeding  and 
stopping  when  the  trim  is  completed.  To  illustrate  these  opera- 
tions consider  the  alternating-current  series  lamp.  Here  the  arc  is 
started  by  the  usual  difl:erential  arrangement  of  shunt  and  series 
coils.  The  series  coil  draws  the  rocker  arm  down,  thus  lifting  the 
upper  carbn  slightly,  and  lowering  the  lower  carbon  so  that 
the  voltage  across  the  arc,  which  is  the  voltage  across  the  shunt 
coil,  energizes  the  shunt  coil  enabling  it  to  equcali^e  the  pull  of  the 
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series  coil  on  the  rocker  arm  .Y.  Tt  is  unnecessary  to  go  into  a  de- 
tailed explanation  of  the  method  of  gripping  the  upper  carhon,  as 
the  well-known  sneak  feed  clutch  is  employed.  It  holds  a  ring 
of  tool  steel  whose  interior  diameter  is  slightly  greater  than  that  of 
the  carbon.  The  manufacture  of  flame  carbons  has  been  perfected 
so  that  carbons  vary  but  little  in  diameter.  Those  intended  for  use 
in  the  flame  carl)on  arc  Iam])s  described,  are  guaranteed  to  be  within 
such  a  limit  of  variation  that  will  assure  little  effect  upon  arc 
length  and  the  lam])  operation. 

Regulation  of  the  arc  is  obtained  through  the  application  of 
the  usual  rocker  arm  ])rinciple.  changes  in  voltage  and  current 
actuating  the  rocker  arm  aljout  the  fulcrum  ./   in  Fig.  6.     It  is  of 

decided  importance  that  minimum  fric- 
tion dm-ing  regulation  should  exist.  By 
referring  to  the  diagram  of  the  series 
lamp  it  will  be  seen  that  the  regulation 
means  a  constant  motion  of  the  carbons, 
brought  about  through  a  "see-saw"  ac- 
tion of  the  rocker  arm.  As  the  U])per 
carbon  holder  G  is  guided  by  the  two 
clutch  rods  (one  is  shown  in  the  dia- 
gram as  }' )  there  is  no  relative  motion 
between  them.  Thus  friction  is  elimi- 
nated at  this  point.  From  the  location 
of  the  double  pulley  E-F,  of  which 
there  are  two  (one  is  shown  in  the  dia- 
gram), it  will  be  seen  that  as  the  point 
on  the  edge  of  the  pulley  /:.  at  which 
ric.   6 — .M.TKRx.vTixr.-crRRENT  the  cliain    L  leaves  the  pulley,  moves  up- 

FLAMK      C.\KROX      .\RC      I. AMI'  ,  ,        i  i  M        tl,  ,      ^r^A-.^r 

MKHANi.sM  ward    and    downward    with    tlie    rotkcr 

arm,  the  regulating  motion  recjuires  no 
rotation  of  the  pulley  on  its  axis,  thus  eliminating  friction  at  this 
point  also.  If  their  centers  were  at  the  fulcrum  they  would  have  to 
be  much  larger  in  diameter  to  give  ]iroi)er  se]>aration  "t  the 
carbons. 

Feeding  of  the  carlxin^  occurs  when  the  pull  of  the  shunt  coil 
has  increa.^ed  enoueh.  tlir. lut/h  the  jrradual  increase  in  arc  length 
and  thus  arc  voltage,  due  to  the  carbon  consumption,  to  allow  the 
clutch  rod  )'  and  clutch  to  be  lowered  to  the  releasing  point. 
During  the  feeding  operation  the  pulleys,  chains,  and  the  carboiT 
holders  move  relative  to  the  rocker  arm.  The  life  of  one  trim  is 


Scries  Coil 
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ended  by  a  mechanical  stop  which  prevents  the  arc  from  burning 
down  to  the  lower  carbon  holder.  The  stub  of  the  lower  carbon  is 
thrown  away.  The  stub  of  the  upper  carbon  is  inserted  in  the 
lower  position,  after  a  new  14-inch  carbon  has  been  placed  in  the 
upper  holder. 

A  discussion  of  this  new  lamp  would  not  be  complete  without 
reference  to  enclosure  and  weathering  conditions.  The  construction 

and  design  make  all  parts  ac- 
cessible for  repairs  through  two 
doors  in  the  casing.  They  are 
over-lapped  to  prevent  the  en- 
trance of  rain,  snow  and  insects. 
As  pointed  out  above,  the  arc 
chamber  consists  of  two  parts, 
namely,  the  inner  globe  and  the 
condenser.  The  arc  lamp  trim- 
mer should  appreciate  that  suc- 
cess in  attaining  even  longer 
life  than  100  hours  lies  within 
his  power.  Nicked  or  cracked 
globes  should  not  l)e  used.  Suitable  pressure  is  provided  by  a 
spring  l)ail,  which  holds  the  globe  against  the  condenser  open- 
ing. The  globe  seat.  Fig.  7,  and  globe  opening  are  carefully  ground 
to  insure  a  tight  fit.  The  condenser,  for  which  there  is  no  occasion 
for  removal  unless  for  such  repairs  as  would  be  attended  to  in  the 
repair  shop,  is  fastened  very  tightly  by  six  machine  screws  against 
the  base  plate  of  the  lamp. 


FIG. 


-DIAGRAM    OF   GLOBE,   ARC    CHAM- 
KER   AND   CONDENSER 


THE  PROBLEM  OF  LIFE  TESTING  ELECTRIC 
INCANDESCENT   LAMPS 

H.  S.  DUNNING 

THE  aim  of  up-to-date  manufacturing  companies  is  to  sell  ser- 
vice. The  time  has  passed  when  most  manufactured  articles 
can  be  sold  by  the  glibness  of  the  salesman  or  the  appear- 
ance of  the  goods.  The  present  day  customer  demands  service 
from  the  article  which  he  buys.  The  manufacturers  have  appre- 
ciated this  and  are  making  every  efifort  to  improve  the  quality  of 
the  service  given  by  their  goods.  Perhaps  in  no  other  line  has 
there  been  so  much  advancement  in  so  short  a  time  as  in  the  field 
of  illumination.  Since  so  many  installations  for  illumination  are 
made  up  of  electric  incandescent  lamps,  the  manufacturer  of  these 
lamps  has  been  most  energetic  in  analyzing  and  improving  the 
quality  of  his  service. 

Investigation  of  the  service  given  by  the  electric  incandescent 
lamp  i^^  a  complex  problem.  The  customer  who  buys  incandescent 
lamps  is  really  buying  a  converter  to  change  electrical  energy  into 
light.  In  buying  such  apparatus  he  is  looking  for  a  source  of 
sufficient  intensity  for  his  needs  and  at  the  same  time  an  apparatus 
which  will  be  the  most  efficient  as  far  as  cost  of  energy  and  main- 
tenance are  concerned.  There  is  no  doubt  that  to  many  a  life  test 
means  only  the  placing  of  a  lamp  in  a  receptacle  and  noting  the 
number  of  hours  which  it  burns.  Perhaps  from  the  point  of  view 
of  the  ordinary  user,  this  idea  ma  ypartially  be  justified ;  from  the 
viewpoint  of  the  manufacturer,  however,  such  procedure  is  prac- 
tically worthless.  The  manufacturer  must  take  into  account  not 
only  the  life  to  burn  out  of  the  lamp  l)ut  he  must  also'  trace  the 
change  in  candle-power  throughout  its  life.  He  must  study  the 
effect  on  the  lamp  of  burning  it  at  various  voltages  and  under 
varying  conditions  of  voltage  regulatic^n.  He  must  determine  the 
most  economical  efticiency  at  which  eacli  of  his  various  types  of 
lamps  should  burn.  In  addition  to  this  information,  the  manu- 
facturer is  vitally  interested  in  data  which  is  of  no  interest  at  all 
to  the  lamp  user.  This  data  which  the  manufacturer  is  searching 
for  is  that  which  will  tell  him  what  causes  the  failure  of  such 
lami)s  as  may  fail  on  test.  In  order  to  obtain  this  information,  all 
of  the  larger  manufacturers  of  incandescent  lamps  have  installed 
well  equipped  testing  departments.  They  are  spending  every  year 
thousands  of  dollars  in  research  and  factorv  control  work. 
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The  testing  work  being  done  by  the  lamp  manufacturers  may 
roughly  be  divided  into  two  parts,  which  can  be  called  control  work 
and  de\elopment  work.  By  control  work  is  meant  the  work  which 
every  manufacturer  must  do  in  order  to  maintain  uniform  quality. 
The  incandescent  lamp  is  an  apparatus  which  is  extremely  sensi- 
tive to  small  changes  or  dilTerences  in  its  construction.  It  is  a 
highly  scientific  piece  of  apparatus  manufactured  in  very  large 
quantities  and  sold  at  a  comparatively  low  cost.  These  conditions 
mean  that  the  greatest  care  must  be  taken  to  prevent  in  any  par- 
ticular run  of  lamps  what  is  commonly  known  as  a  "slump"  in 
qualitv.  To  fully  determine  just  what  results  will  be  obtained 
from  an  incandescent  lamp,  it  is  necessary  to  burn  the  lamp  for  a 
length  of  time  which  destroys  its  usefulness.  It  is,  therefore,  nec- 
essary for  the  manufacturer  to  rsort  to  sample  testing.  One  of 
the  lirst  problems  in  life  testing  from  the  manufacturer's  stand- 
point is  the  proper  selection  of  samples.  One  test  a  month  for 
instance  may  not  represent  adequately  the  condition  of  quality  for 
the  entire  month.  It  is  thought  better  practice  to  take  a  test  of 
each  of  the  more  important  types  of  lamps  every  week  and  aver- 
age the  results  obtained  for  a  monthly  figure.  The  types  of  less 
importance  are  represented  by  the  average  results  of  two  tests 
taken  during  the  month.  It  is  absolutely  essential  that  these  tests 
be  taken  at  random  and  that  when  lamps  are  once  chosen  for  life 
test,  they  must  not  be  exchanged  for  other  lamps.  Further,  it 
seems  advisable  that  whenever  a  test  gives  poor  results,  more  lamps 
should  be  taken  immediately  and  an  investigation  started  to  de- 
termine the  cause  of  the  trouble.  In  cases  where  a  serious  drop 
in  quality  is  found,  thousands  of  lamps  are  sometimes  held  up 
awaiting  the  determination  of  their  quality  to  see  if  it  is  sah'sfac- 
tory,  before  the  lamps  are  shipped.  The  most  careful  sample  test- 
ing which  the  manufacturer  can  make  leaves  much  to  be  desired, 
even  though  hundreds  of  lamps  are  destroyed  each  month  in  test- 
ing. There  is  a  great  necessity  for  some  test  which  can  be  ap- 
plied to  a  lamp  without  injuring  it,  so  that  greater  quantities  of 
lamps  may  be  tested  and  a  more  representative  figure  obtained. 
There  is  also  a  great  need  for  a  quick  test  to  determine  the  cause 
of  trouble. 

There  is  a  growing  tendency  among  laboratories  which  make 
life  tests  to  test  lamps  at  very  high  efficiencies  and  to  attempt  to 
interpret  the  results  so  obtained  into  terms  of  life  at  normal  effi- 
ciency.    The  lamp  manufacturer  places  no  confidence  in  these  tests, 
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although  he  is  in  perfect  sympathy  with  the  desire  fur  quick  re- 
suhs.  If  such  a  test  can  be  found  which  is  satisfactory,  the  manu- 
facturer will  unhesitatingly  indorse  it,  since  he  is  tremendously 
handicapped  in  his  development  and  control  work  by  the  lack  of 
a  satisfactory  test  of  this  nature.  .\  vast  amount  of  work  is  being 
done  by  the  lamj)  manufacturer  to  determine  the  characteristcs  of 
his  lamps  before  ])urning,  while  Ijurning  and  after  burning.  This 
study  is  being  made  in  an  effort  to  find  some  characteristic  or  com- 
bination of  characteristics  which  ha\c  a  direct  bearing  on  the  value 
of  the  lamp  and  which  will  show  at  an  early  stage  of  the  test  what 
the  ultimate  service  of  the  lamp  will  be. 

To  make  even  the  most  preliminary  sort  of  life  tests,  the  fol- 
lowing things  are  absolutely  necessary : — 

I — A  well  drilled  and  efficient  corps  of  operators  and  engineers. 

2 — Properl}'   constructed    and    well   equipped   photometric    ap- 
pliances. 

3 — An    equipment    for   burning   lamps    so    arranged    that    the 
lamps  may  be  burned  at  any  desired  voltage. 

4 — An  extremely  accurate  voltage  regulation  for  the  burning 
racks. 

These  factors  are  practically  of  equal  importance  and  the  ab- 
sence of  any  one  of  them  will  tremendously  reduce  the  value  of 
the  test  results.  The  importance  of  life  testing  is  constantly  in- 
creasing. It  is  probable  that  advanced  manufacturing  methods 
will  do  away  with  the  conmiercial  photometry  of  Mazda  lamps, 
thereby  throwing  an  increased  amount  of  control  work  on  the 
photometric  and  burning  equipment  of  the  laboratory.  The  intro- 
duction of  means  for  preventing  blackening  and  a  further  study 
of  this  means  has  greatly  increased  the  amount  of  testing  work. 
In  addition  to  this,  the  ever  increasing  demands  of  users  f(jr  a 
higher  efficiency  and  the  constant  search  oi  the  manufacturer  for 
imi)rovements  and  for  new  lamp  materials  have  kept  the  testing 
departments  working  at  the  point  of  ma.ximum  effort. 

Tt  is  almost  impossible  to  present  adequately  in  a  short  article 
all  of  the  problems  faced  l)y  the  manufacturer  in  his  attempt  to 
render  service  by  an  analysis  of  his  product.  Roughly  expressed, 
his  greatest  needs  at  the  present  time  are  a  ipiick  means  of  ob- 
taining accurate  information  as  to  the  performance  of  his  lamps 
and  new  kinds  of  apparatus  with  which  he  can  accurately  measure 
lamp  characteristics. 


POWER  ANALYSIS  OF  A  VENEER  PLANT 

C.  W.  DRAKE 

VENEER  suggests  to  most  people  a  method  of  making  a  small 
amount  of  valuable  wood  cover  a  large  surface.  As  a  mat- 
ter of  fact  a  large  amount  of  veneered  stock  is  made,  the 
actual  cost  of  which  is  practically  equal  to  that  of  the  solid  stock. 
The  reason  for  its  use  is  that  panels  can  often  be  made  up  of  three- 
ply  veneer  and  tiller,  which  is  thinner  and  stronger  and  less  likely 
to  check  than  when  made  of  one  piece.  In  small  boxes,  chair  seats, 
etc.,  lightness  of  weight  and  great  strength  can  be  secured  by  the 
use   of   built-up   stock.      In   the   manufacture   of    pyrographic   and 


FIG.    I — FRONT   VIEW    OF   VENEER   LATHE,    WITH    ROUGH    LOG    ABOUT   TO   BE 

SWUNG   IN   PLACE 

other  art  work,  there  is  a  large  demand  for  blocks  and  panels  of 
thin,  clear  grained  bass  and  maple  wood  of  various  sizes  and,  to 
obtain  the  best  results,  made-up  stock  is  generally  used.  Small 
fruit  and  berry  baskets  are  made  directly  from  a  single  thickness 
of  veneered  stock. 

In  the  manufacture  of  this  stock,  electricity  plays  a  part 
similar  to  that  in  any  wood-working  plant,  but  there  are  a  few  ap- 
plications entirely  special  to  this  industry.     Principal  among  these 
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is  the  veneer  lathe  itself.  These  are  built  in  a  large  number  of 
sizes,  but  probably  the  greater  number  in  use  take  logs  from  four 
feet  to  six  feet  long.  It  is  seldom  possible  to  operate  a  lathe  con- 
tinuously, due  to  the  time  required  to  change  bolts  and  cut  the 
veneer,  and  since  the  lathe  with  its  veneer  clipper  is  usually  remote 
from  other  machines,  electric  motor  drive  has  proven  very  eco- 
nomical. The  lathe  is  generally  placed  in  close  proximity  to  the 
soaking  pits,  where  the  blocks  are  soaked  in  hot  water,  although,  in 
summer  and  witli  the  softer  woods,  this  process  is  often  omitted. 
Due  to  the  fact  that  a  countershaft  is  usually  required  for  the 
lathe,  and  also  that  the  clipper  is  nearby  and  requires  little  power, 
it  is  usual  practice  to  drive  both  from  one  motor  belted  to  the 
countershaft. 


Fir..    Z — KHAR    Vli;W    OK    LATHK    SHOWN     1  .\     KK..     I     WITH    VK.NKKR    DKAWN 

Ol'T    RKADY    FI'.R    SI.KINC. 


Considering  for  a  moment  the  operation  of  turning  veneer 
from  a  log  15  inches  in  diameter,  it  will  be  seen  that  since  the 
diameter  of  the  log  is  constantly  decreasing  as  the  operation  con- 
tinues, if  the  speed  at  first  is  satisfactory,  then  as  the  diameter 
decreases,  the  speed  and  output  decrease  in  direct  proportion. 
Most  lathes  are  driven  by  constant  speed  motors,  and  where  group 
drive  is  used  this  is  necessary.  S(|uirrel  cage  motors  arc  entirely 
satisfact'»rv.  as  thcv  arc  not  required  to  start  under  load..  W  here 
individual  ilrive.  with  speed  adjustable  over  a  considerable  range, 
is  possible,  such  as  can  be  secured  by  the  use  of  a  commutating 
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pole  direct-current  motor,  a  considerable  sa\ing-  in  time  nia\-  be 
effected.  Thus,  if  the  cutting  speed  at  the  start  is  200  feet  per  min- 
ute, then  when  the  bolt  is  turned  down  to  7.5  inches  diameter,  the 
speed  is  only  100  feet  per  minute.  The  average  speed  is  then  150 
feet  per  minute,  whereas  if  the  cutting  speed  could  be  maintained 
at  200  feet  per  minute,  by  increasing  the  motor  speed  as  the  size 
of  the  bolt  decreases,  the  cutting  time  would  be  reduced  about  one- 
third.  The  production  would  not  be  increased  that  amount,  due 
to  the  time  taken  to  change  logs,  but  an  increase  of  at  least  twenty 
percent  might  be  expected.  By  using  an  individual  motor  for  the 
lathe  it  is  possible  to  so  adjust  the  control  that  an  approximately 
constant  speed  will  l)e  maintained  as  the  diameter  of  the  bolt  is 
decreased. 
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FlC.  3 — LOAD  DIAGRAM  SHOWING  PERFORMANCE  OF  3O 
HORSE-POWER,  I  120  R.P.M.  SQUIRREL  CAGE  MOTOR 
DRIVING   52-INCH    VENEER   LATHE   AND  VENEER   CLIPPER 

A  typical  veneer  plant  using  electric  motor  drive  is  that  of 
Gorham  Bros,  at  Mt.  Pleasant,  Mich.  A'arious  kinds  of  veneer  are 
made  at  this  plant,  Init  the  greater  portion  is  made  up  for  pyro- 
graphic  work,  desk  and  furniture  panels,  etc.  Electric  motor  drive 
is  used  throughout  and  has  been  found  to  be  much  more  economical 
and  satisfactory  than  the  line  shaft  drive  formerly  used.  A  veneer 
lathe  at  this  plant,  with  a  rough  log  about  to  be  put  in  place,  is 
shown  in  Fig.  i,  while  a  rear  view  of  the  same  lathe  is  shown  in 
Fig.  2,  with  veneer  drawn  out  on  the  bench  ready  to  be  sliced  on 
the  clipper.     The  refuse  at  the  side  of  the  machine  is  used  for  fuel. 
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W'licii  machines  arc  already  driven  by  electric  motors,  their 
exact  ujjerating  conditions  can  best  be  shown  from  an  analysis  of 
grai)hic  meter  records.  The  diagram  in  V\^.  3  shows  the  perform- 
ance of  the  30  hj).  I  ijo  r.p.m.  induction  motor,  driving  a  Coe  52- 
inch  veneer  hitiie  and  the  veneer  chpper.  It  will  be  seen  that  the 
friction  load  of  the  shafting  and  machine  averages  about  eight  kilo- 
watts, and  that  when  turning  one-tenth  inc'n  veneer  from  the  3.S- 
inch  green  basswood  logs  the  maximum  power  did  not  exceed  16 
kilowatts.  The  lathe  made  45  r.p.m..  so  that  tlic  actual  cutting 
speed  depends  on  the  size  of  the  log.  The  variation  in  shape  and 
magnitude  of  the  peaks  is  due  to  difference  in  diameter  and  condi- 
tion of  the  logs,  although  all  those  cut  were  green  and  unsoakcd. 
The  maximum  peaks  are  caused  by  logs  15  inches  to  18  inches  in 
diameter. 
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Fir..    4 — GR.MHIC    .MlTKk    I-dAIp-KKCORI)    FDR    50    HOKSI-POWKR,     1    IJO    IM'.M. 
I.NDICTIOX     .MOT(»R    liRIVK.V    VKXKI  RING    KQL  ll'M  INT 

Fig.  4  shows  the  load  of  a  50  hp.  1  uo  r.p.m.  inducli. m  mi>ti'r 
driving  a  group  of  machines  consisting  of  a  Coe  64-inch  \eneer 
lathe;  two  Coe  (»4-inch  clippers;  one  Sturtevant  /O-inch  blower.  330 
r.p.m. .and  one  drag  saw.  The  effect  of  the  blower  is  simply  to  raise 
the  friction  load  on  the  curve;  the  clipper  load  is  almost  negligible 
so  that  the  load  of  the  lathe  and  drag  saw  are  easily  separated. 
This  lathe  ran  at  50  r.p.m.  Maple  logs  were  being  turned,  niak'ng 
three-sixteenths  inch  veneer  from  36-inch  logs.  a«;  shown  at  the 
right,  and  one-sixteenth  inch  veneer  from  Ji-inch  logs  at  the  left 
of  the  curve.  With  the  heavy  veneer  the  iM)wer  taken  in  the  cut  is 
about  24  kilowatts,  while  on  the  light  cut  it  is  about  eight  kilowatts. 
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With  the  thicker  veneer,  only  a  short  time  is  taken  to  cut  a  log  and 
the  relative  time  of  the  two  cuts  is  readily  seen.  The  drag  saw  re- 
quires between  two  and  three  kilowatts  and  its  load  on  20-inch  bass 
logs  is  also  shown.. 

In  a  plant  of  this  kind  there  is  a  large  amount  of  wood  refuse 
which  is  useful  for  fuel,  and  to  reduce  this  to  the  proper  size  a  Mitts 
&  Merrill  No.  2  hog  blower  is  installed.  This  is  driven  by  a  40  hp, 
I  120  r.p.m.  induction  motor  with  double  extended  shaft,  one  belt 
driving  the  hog  and  one  the  blower,  which  conveys  the  chips  to  the 
boiler  house.  A  test  on  this  motor  showed  a  load  of  16  kilowatts 
running  light  (including  blower),  an  average  working  load  of  22 
kilowatts  and  a  maximum  of  31  kilowatts. 

A  list  of  the  motors  installed  and  a  brief  description  of   the 

TABLE  I— LIST  OF  MOTORS  AND  DRIVEN  MACHINES. 


Motor 

Machines  Driven 

H-P 

R.P.M. 

50 
50 
50 
50 
40 
40 
40 
30 
30 
30 
25 
IS 

;-s 

7-5 
3 

I  120 
I  120 
I  120 
I  120 
I  120 
1  120 
850 
I  120 
I  120 
I  120 
r  700 
I  120 
1  120 
I  120 
I  700 

Bolt  saw,  swing  saw,  planer,  etc. 

Planing-  mill,   p'Taners  and  matchers,   moulders,  etc. 

64-inch  veneer  lathe,  clipper  and  blower. 

Three  52-inch  drum  sanders  and  one  belt  sander. 

Hog  and  blower. 

Ailing-ton  &  Curtis  No.   16  double  blower. 

6.i-inch  veneer  lathe  and  clipper. 

Five  ec[ualizing  saws. 

52-inch  veneer  'laithe  and  clipper. 

Group  in  center-s'tock  room,  saws,  surfacers,  etc. 

Sturtevant  33-inch  blower. 

Glue  room,  presses,  spreaders,  elevator,  etc. 

Machine  shmp. 

American  blower,  70-inch  steel  plate  fan. 

Coupled  to  Brooks  No.  i  centrifugal  pump. 

468              Total  Horsepower  Installed. 

machines  driven  is  given  in  Table  L  Tests  made  on  these  motors 
show  that  all  are  of  the  correct  size  for  the  machines  driven,  al- 
though the  15  horse-power  motor  in  the  glue  room  is  large  enough 
for  the  addition  of  more  machinery. 


SAFEGUARDING  MOTOR-DRIVEN  APPARATUS 

D.  C.  PULTNEY 

Tliis  article  deals  especially  with  methods  of  safeguarding  ma- 
chinery which  is  direct  driven  l;y  electric  motors.  In  the  majority 
of  instances  the  safeguarding  has  been  applied  to  the  electrical  parts 
as  well  as  to  the  ])oints  of  mechanical  danger.  All  the  safeguarded 
devices  illustrated  herein  have  been  constructed  at  the  factory  in 
which  they  are  installed,  and  are  comparatively  inexpensive  and  of 
simple  construction.  The  article  may  be  considered  as  a  continua- 
tion of  the  author's  article  on  the  same  general  subject  in  the  Jour- 
nal for  July,  1912.    (Ed.) 

IT  11. AS  UEEN  the  repeated  observation  of  those  having  charge 
of  workmen  that  it  is  frequently  impossible  to  get  the  average 
man  to  take  the  most  obvious  precautions  to  prevent  accident 
to  himself  or  to  his  fellow  employees.  Tn  fact,  it  is  almost  always 
easier  to  get  a  man  to  assume  risks  in  furthering  his  work  than  it  is 
to  get  him  to  use  a  safety  device.    This  seems  to  be  especially  true 


FIG.     1 — S.\Kt(,l  .AKDKIi    J-LAT I  h.\  1N(.    KliLL>     1  .N     A    l.AK(ili    I'lNCH     .sHdl' 

of  electrical  apparatus,  which  on  account  of  its  (juict  and  steady 
oi)eration  is  frc(|ucntly  treated  with  the  grossest  carelessness. 
Hence  in  order  to  prevent  accidents  from  contact  with  live  electric 
conductors,  moving  gears,  belts,  etc.,  it  is  necessary  to  screen  all 
such  i)arts  carefully  so  that  accidental  contact  is  practically  im- 
possible. 

To  design  and  install  safeguarding  devices  properly,  requires 
a  thorough  knowledge  of  the  operation  of  the  tool  or  apparatus, 
both  in  its  normal  operation  and  under  abnormal  conditions.  Thus, 
there  is  always  the  possibility  of  accident  from  a  piece  of  scrap 
metal  being  caught  in  the  spokes  of  a  revolving  judley.  and  such 
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possibilities  should  be  as  carefully  guarded  against  as  actual  con- 
tact on  the  part  of  the  workman  with  the  pulley  or  gear  wheel. 
Even  with  the  most  careful  safeguarding,  conditions  arise  which 
cannot  be  foreseen,  and  these  must  be  considered  as  hazards  of 
manufacture.  There  is,  however,  a  growing  tendency  among  manu- 
facturers to  use  every  possible  precaution  to  minimize  such  hazards. 

In  a  ])re\i()us  article,  the 
writer  described  a  number  of 
safety  devices  which  have  been 
installed  in  the  works  with 
which  he  is  connected.  The 
l)hotographs  which  are  here  re- 
])roduced  illustrate  various  ad- 
ditional de\ices,  of  a  type  which 
should  be  applicable  in  any 
large   factory. 

In  Fig  I  is  shown  a  pair 
of  flattening  rolls  through  which 
thin  sheet  steel  punchings,  such 
as  armature  cores  and  trans- 
former iron,  are  run  in  order 
to  remove  the  burr  at  the  edges 
and  make  them  stack  evenly. 
The  oi)erator  sits  in  front  of 
the  machine  and  feeds  the  ma- 
terial into  the  rolls  through  a 
narrow  slit,  the  piece  being 
caught  by  the  revolving  rolls 
underneath  the  circular  guard 
FIG.  2 — SMALL  KICK  PRESS  EQUIPPED  aiul  cjcctcd  outo  thc  table  on 
WITH    PNEUMATIC    BLOWER    FOR  ^hc   othcr   sidc   of   the  machine. 

REMOVING    PUNCHINGS 

The  guard  positively  prevents 
any  danger  of  the  operator's  lingers  being  caught  in  the  rolls. 
There  is  also  a  double  cap  on  the  end  of  the  rolls.  The  belt  is 
protected  by  a  gas  pipe  fence,  and  the  switch  on  the  adjoining 
column,  controlling  the  motor,  which  is  mounted  on  the  ceiling,  is 
covered  completely,  only  the  switch  handle  projecting  far  enough 
to  allow  the  operation  of  the  switch. 

In  feeding  siuall  parts  into  a  press,  and  especially  in  removing 
them  again,  there  is  great  danger  of  crushing  the  fingers.  In  Fig. 
2  is  shown  a  method  of  eliminating  this  possibility.     This  type  of 
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press  is  known  as  a  ''kick  press",  operated  by  the  pressure  of  the 
foot  on  a  treadle.  A  shallow  pan  at  the  left  holds  a  numi)er  of 
small  punchings  which  are  fed  to  the  die  one  at  a  time,  the  operator 
using  a  small  stick  or  picker  to  place  the  punching  in  position.  In 
front  of  the  press  is  a  compressed  air  pipe  with  nozzle  attached. 

The  ojjerator  feeds  ^n 
a  punching,  i)resses  on 
llic  treadle  and  the  die 
descends,  flattening  the 
punching.  ( )ii  the  re- 
turn of  the  die.  a  valve 
is  opened  automatically 
and  the  air  blows  the 
punching  into  the  hop- 
per at  the  rear,  whence 
it  falls  into  a  pan  under 
the  bencli.  There  is 
ihus    no     occasion     for 

the    operator      to     have 

i  -^^B^^^^^^KSSS^^^^^     '^'"^   lingers   near  the  die 

-V    larger    punch  j^ress 
is   shown    in    b'ig.   3.    In 
this  case  the  guard  com- 
pletely  covers    I)oth    the 
large     and     small     gear, 
while     the     switch     con- 
trolling  the    motor,    and 
located   imiuediately  un- 
vler  it.  is  com])letely  en- 
closed   in   a   compressed 
handle   projects.     'J'liis 
is  one  of  a  number  of  ])resses  which  are  thus  completely  guarded. 
The  material  is  fed  into  these  presses  by  means  of  a  small  pneu- 
matic linger  which  prevents  the  possibility  of  the  hand  being  caught 
under  the  die.* 

.\  row  of  automatic  notching  presses  for  ciuting  armature 
punchings  is  shown  com])letely  safeguarded  in  I'ig.  4.  each  of  the 
presses  being  driven  by  an  individual  motor.     There  is  really  small 


Fii; 


,^-   ( OMI'I.KTKl.V      (,r.\K|.i:ii      ITNlII       I'KKSS 


libre    in.sulaling   box    from    which   onlv   the 


*Sce  article  on  "S.ifcsnardcd   Factory   I")cviccs  and   Equipment"  by  the 
aiitlior  in  tlie  Joi'rn.\l  for  July.  1012,  page  603. 
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danger  of  accident  near  one  of  these  presses  because  the  workman 
sits  in  front  of  the  press  and  should  have  no  occasion  for  coming 


FIG.    4 KOW    UF    AUTOMATIC    NOTCHING    PRHSSES,    WITH     DRIVING    BELTS 

AND    FLYWHEELS    COVERED 

into  contact  with  either  the  dies  or  the  beU,  but  it  was  considered 
advisable  to  eliminate  any  possible  chance  of  injury. 

In  Fig.  5  is  shown  an  example  of  three  very  dangerous  wind- 
ing machines  most  completely  safeguarded.  In  the  machine  in  the 
foreground  can  be  noticed  the  spring  hinged  doors,  all  open  to 
admit  ready  access  to  gears  and  clutches  for  oiling  or  inspection, 


FIG.    5 — GROUP    OF    SPECIAL    WINDING    LATHES    WITH    REDUCTION    GEARS    AND 
CLUTCHES   COMPLETELY    SAFEGUARDED 

the  doors  on  the  machines  in  the  rear  being  shown  in  the  closed 
position.     One  point  to  be  watched  in  the  mechanical  method  of 
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FIC.     6 — VVIXUIXG    LATHES     FOR     SMALL     FIELD     AXU     ARMATURE    COILS 

Gears  and  belts  safeguarded. 


KIi;.     7 — Row     OK     IMUVIDIALLY     MOTOR-OPERATED    TURRET     HEAD 

SCREW    MACHINES 

Motor,  control  and  transmission  completely  safeguarded.  The 
sprocket  cliain  shown  in  the  foreground  runs  from  the  motor  con- 
troller to  the  control  handle.  It  is  consequently  liand  operated  and 
runs  at  very  slow  speed,  and  very  intermittently.  Hence  there  is  no 
necessity  for  covering  it. 
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safeguarding  machinery  is  to  prevent,  if  possible,  the  removing  of 
a  guard  for  any  purpose  whatever.  In  many  instances,  serious  ac- 
cidents have  happened  through  the  neglect  to  replace  guards  which 
were  removed  for  inspection  or  some  other  legitimate  purpose. 
The  s])ring  hinge  doors  cannot  possibly  be  left  open,  unless  they 
are  deliberately  tied  or  propped  open,  as  was  done  when  taking  the 
photograph.  These  guards  are  of  heavy  sheet  steel,  riveted  to  a 
frame  work  of  angle-iron,  and  held  in  place  by  machine  screws. 

Small  winding  lathes  have  been  in  the  past  a  prolitic  source  of 
trivial  accidents.     Four  rows  of  such  lathes  are  shown  in   Fig.   6, 

completely  safeguarded 
both  with  respect  to  the 
belts  and  the  gears,  so 
that  at  the  present  time 
it  is  only  l)y  some  very 
unusual  comliinations  of 
circumstnces  that  acci- 
dents happen  on  these 
lathes.  The  unguarded 
spoke  wheel  on  each 
lathe  operates  at  a  com- 
paratively slow  speed, 
and  is  used  for  turning 
the  lathe  by  band  when 
desired.  As  it  is  per- 
fectly smooth,  there  is 
no  danger  of  a  garment 
l)eing   caught. 

A      row      of      motor- 
FiG.  8 — SMALL  SLOTTING  MACHINE  WITH  BELT  AND   operated  scrcw  macliiues 

SWITCH     SAFEGUARnED  •  i  •  t^-  „        • 

IS  shown  m  big.  7,  m 
which  the  motor  and  transmission  are  completely  enclosed  by  a 
screen  of  woven  wire  on  an  angle-iron  frame  work.  A  lid  on  each 
side  of  the  machine  permits  ready  access  to  the  bearings  and 
brushes  for  oiling  or  inspection.  All  the  wiring  is  enclosed  in  con- 
duit and  the  switch  blades  are  covered  with  a  compressed  fibre  box 
from  which  the  switch  handle  is  seen  projecting.  An  adjustable 
speed  motor  is  provided,  thus  doing  away  with  the  necessity  for 
changing  gears,  although  back  gears  are  provided  for  wide  varia- 
tions in  speed,  and  are  completely  covered. 

A  very  neat  and  efficient  belt  guard,  covering  a  belt  which  was 
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at  the  side  of  a  main  aisle  near  whicli  workmen  were  eontinually 
passing,  is  shown  in  V\g.  S.  'J'his  guard  was  put  in  ])lace  to  protect 
passersh}-.  rallier  ilian  tlie  operator  of  tlie  machine.  A  switch 
guard  is  shown  on  the  controller  in  the  rear.  A  similar  type  of 
guard  for  a  belt  (lri\ing  a  line  shafting  is  shown  in  h'ig.  9,  this  belt 
being  also  located  adjacent  to  an  aisle  where  workmen  were  con- 
tinually passing.  'J'he  niolcjr  antl  switch  box,  immediately  behind 
the  belt,  are  also  completely  enclosed.  The  belt  guard  is  built  of 
heavy  angle  and  sheet  steel,  the  sides  being  tilled  in  with  exj)anded 
metal.      This  combination  of  sheet  steel  and  expanded  metal  makes 

a  \erv  stnjng  and  neat  looking 
safeguard  and  takes  U])  \ery  little 
room.  Another  example  of  this 
t\pe  of  guard  protecting  the  main 
(!ri\ing  belt  of  a  ])laner  is  shown 
in  Fig.  10.  This  is  a  guard  of 
unusually  large  size,  and  is  very 
strong  and  eflicient.  It  is  strength- 
ened across  the  expanded  metal 
by  two  strap  braces  which  lend 
■.()  make  it  \ery  rigid.  .\nv  of 
these  guards  can  be  removed 
in  a  short  time  when  neces- 
sary to  make  anv  repairs  or  ad- 
justments. 

( )rdinarily  onlv  power  dri\en 
apparatus  needs  to  be  safe- 
guarded. .\  portable  hand  crane, 
however,  forms  an  exception, 
as  a  heavy  casting  may  cause  the 
gears  to  rotate  contrary  to  the 
operator's  will.  In  big.  1  1  is  shown  a  crane  of  this  type  used  for 
conxeying  >mall  castings  where  an  o\erhead  crane  catuiot  be  used, 
and  it  has  seemed  advisable  in  this  case  to  eo\cr  the  gears  to  pre- 
vent any  p()ssil)ility  of  a  man's  linger  or  hand  being  caught. 

.\  number  of  schemes  of  enclosing  switches  to  prevent  acci- 
dental contact  with  the  live  i)arls  have  been  devised.  .V  very  sat- 
isfactory form  is  located  at  the  left  of  b'ig.  i.  These  guards  arc 
made  of  expanded  metal  or  heavy  wire  screen  with  angle  iron 
frame  work.  Still  another  type  is  .shown  in  l"ig.  i-'.  In  both  of 
these  types  the  guard  is  a  fixture  and  is  not  removed  except   for 


li;      (I— r.iAKi)     j-oR     HKLT     .\L0NC,SU)1" 
.MAIN    AISLK 
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repairs.     Ready  access  to  the  switch  handle  is  allowed,  without  any 

possibility  of  accidental 
contact  with  live  parts. 
The  handles  on  the  double- 
throw  switches  shown  in 
Fig  12  are  removable,  thus 
preventing  any  operation  of 
the  switches  by  unauthor- 
ized persons.  Still  another 
method  of  accomplishing 
the  same  purpose  is  shown 
in  Fig.  13,  in  which  the 
door  on  the  front  must  be 
unlocked  and  opened  before 
the  switch  can  be  operated, 
keys  being  held  only  by  the 
foreman  and  certain  auth- 
orized workmen.  At  the 
rear  of  the  switch  can  be 
seen  a  board  of  heavy  in- 
sulating material  which  is 
carried  around  the  back  of 

FIG.    10 SAFEGUARDED   PLANER    BELT 

all  of  these  guards  so  as  to  com- 
pletely close  in  all  the  openings 
between  the  box  and  the  column, 
thus  preventing  any  possibility  of 
a  workman  receiving  a  shock  in 
case  of  any  contact  with  live 
parts,  as  would  be  possible  if 
this  covering  were  of  iron,  by 
making  metallic  contact  with  an 
iron  column. 

Accidents  by  machinery  com- 
prise by  no  means  all  of  the  pos- 
sibilities for  acidents  around  a 
large  manufacturing  concern.  A 
heavy  glass  reflector  used  in  con- 
nection with  modern  tungsten  illu- 
mination systems  can  cause  severe 
injury    if   broken    and   pieces    al- 


FIG.  II — SAFEGUARDED  PORTABLE  FLOOR 
CRANE 


SAFEGUARD  MOTOR-DRIVEN  APPARATUS 


5^9 


lowed  to  fall  on  the  workmen,  hence  all  reflectors  above  a  certain 
size  are  covered  with  a  mesh  of  copper  wire  as  shown  in  Fig.  14 
as  soon  as  received  at  the  lamp  department.  This  mesh  is  placed 
both  inside  and.  outside  of  the  reflector  and  is  fastened  to  the  hold- 
er as  shown.  The  reflector  shown  at  the  left  was  shattered  by  an 
explosion  of  an  air  tank,  but  as  can  ])e  seen  the  wire  safeguard  re- 
tained the  I)r()kcn  glass.  The  one  at  the  right  was  suspended  (jver 
an  aisle  where  workmen  were  passing  constantly,  and  was  found  t" 
be  in  this  cracked  condition  by  a  lamp  inspector  in  going  his  rounds. 
This  is  a  very  cheap  and  efhcient  method  of  safeguarding  ceiling 

lamjjs     and    should    be    a])plied 
wherever  possible  as  a  reflect(jr 


FIG.    12 — SWITCH    BO.\    COVERING    TWO 

DOUBLE     THROW,      FOUR      POLE 

SWITCHES 


Ku;.   13 — SWITCH   nox   kok  co.mim.ktklv 

ENCLOSING  \  SWITCH  .\N1)  I'KKVENT- 
ING  T.AMPERING  BV  UNAUTHORIZED 
PERSONS 


Would  need  to  be  shattered  into  very  small  pieces  before  it  would 
tlrop  to  tiie  floor. 

A  type  of  safety  gasoline  and  oil-can  which  is  (|uite  extensively 
u.sed  is  shown  in  I*'ig.  15.  The  principle  of  the  device  is  that  of  tiie 
'"Davy  Mine  Safety  Lamp",  and  the  fine  mesh  of  the  screen  shown 
at  the  left  prevents  any  ]K)ssibility  of  explosion  due  to  the  ignition 
of  escaping  vapors.  This  safety  device  is  a  part  of  the  can  as  pur- 
chased, but  the  wooden  lagging  is  i)laced  around  the  J-an  at  the 
factory  as  an  additional  i)recaution  to  prevent  damage. 

The  foregoing  are  a  few  examples  of  what  is  being  done 
tiiroughout  one  large  factory  along  the  line  of  safeguarding  danger- 
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oas    pieces    of    mechanism.      Securing    safety    for    employes    is    a 
gigantic  problem  and  one  difficult  to  handle,  but  one  encouraging 

feature  is  the  gradually 
diminishing  opposition  on 
the  part  of  the  workmen. 
As  they  come  to  see  that 
the  great  object  is  their 
safety  and  the  betterment 
of  their  working  condi- 
tions, and  that  their  pro- 
duction and  wages  are 
not  decreased,  they  are 
beginning  to  assist  in 
the  work.  In  fact,  the 
workmen's  part  in  the  prevention  of  accident  is  one  of  the  greatest 
importance.  He  must  get  rid  of  the  hal^its  of  carelessness 
and  acquire  the  habit  of  looking  out  not  only  for  his  own  safety, 
but  for  that  of  his  fellow  workmen.,  before  any  real  advance  can 
be  accomplished.  The  expression  is  often  held  that  everything 
should  be  made  "fool  proof",  but  it  is  not  the  fool  that  gets  hurt 
every  time;  the  wise  man  sometimes  meets  with  injurv  at  a  time 
when  his  mind  has  become  occupied  on  some  other  subject.     "It 


FIG.      14 — WIRE     MESH      FOR     PROTECTING     BROKEN 
GLASS    REFLECTORS    FOR    TUNGSTEN    LAMPS 


FIG.    15 — SAFETY  GASOLINE  CANS 

is  better  to  be  careful  than  to  be  a  cripple ;  rather  cause  a  delay 
than  cause  an  accident".  The  manufacturer  has  an  opportunity 
to  recover  his  financial  loss,  but  the  workman  can  never  secure  a 
new  finger  or  a  new  hand.  The  slogan  "Safety  First"  is  a  good 
one  and  should  be  impressed  on  every  workman's  mind. 


METHODS  OF  DETERMINING  SHOP  COSTS='= 

H.  F.  MacLANE 
Cost  Departmenf,  Westinghouse  Electric  &  Mfg.  Company 

DL'l\l.\'(i  the  last  few  years  the  increased  search  for  cost 
knowledi^^e  and  the  increased  interest  taken  in  the  subject 
1)\-  manufacturers  and  by  all  kinds  of  business  men  have 
greatly  exceeded  that  in  any  other  pliase  of  management.  Pro- 
ductiiin  output,  supervision  of  \v()rl\men  and  operation  of  ma- 
chinery have  always  received  the  manager's  attention  and,  generally 
speaking,  he  formerly  considered  costs  as  a  subject  of  little  inter- 
est to  him  and  rather  a  matter  that  should  be  attended  to  by  the  ac- 
counting department.  I>ut  today  there  is  no  manager  worthy  of  the 
title  who  is  not  as  anxiously  interested  in  his  costs  as  in  any  other 
part  of  his  work,  anrl  in  measuring  the  elements  of  his  management 
(the  production  (,utpul,  labor  etticiency.  machinery  operation)  the 
basis  is  calculated  on  the  cost  of  the  output,  on  the  cost  of  the 
labor,  etc.  ( )f  course,  all  managers  can  not  be  cost  experts,  but 
they  can  and  do  appreciate  the  importance  of  this  part  of  their 
management  and  employ  accounting  ex])erts  to  handle  the  work, 
they  themselves  understanding  what  re.-ults  are  re(|uire(l  and  be- 
ing sufficientlv  conversant  with  the  matter  to  know  when  they  arc 
getting  what   they  re(|uire. 

It  IS  not  the  manager  only  who  must  ap])reciate  the  importance 
of  costs.  For  exam])le.  the  best  salesmen  can  explain  intelligently 
why  the  goods  made  by  his  ci  iicern  should  cost  more  than  a  com- 
petitor's; that  his  company  uses  material  of  such  a  grade  at  such 
a  cost  compared  with  the  chea])er  material  used  by  the  comi)etitor : 
that  the  labor  cost  is  higher  on  account  of  the  skilled  workmen 
employed  wh  >  turn  out  onK  the  best  and  most  reliable  class  of 
work;  that  the  higher  o\erhea<l  or  indirect  cost  is  due  to  many 
superior  features  that  are  of  benefit  to  both  the  manufacturer  and 
the  customer,  such  as  rigid  inspection  to  insure  against  defects, 
special  care  in  shipping  to  insure  safe  and  jiroinpt  receipt,  etc. 

COST   Fir.URlNC 

The  following  exi)lanation  will  (W-a\  principally  with  cost  fig- 
uring, which  is  interpreting  that  piwt  of  cost  keeping  which  deals 
simply  with  compiling  the  cost  of  apparatus  mainifacturcd.  In 
Fig.  I  are  shown  the  definite  steps  in  figuring  costs  of  apparatus 
manufactured.  The  dark  spaces  represent  the  definite  elements 
that  have  to  be  considered,  and  the  blank  or  white  spaces  show  the 


*TIii-;  is  tin-  tliird  of  a  si-rics  of  articles  on  Works  NfanaRcmont. 
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results  secured  by  the  addition  of  each  of  these  items,  that  is,  the 
different  stages  in  arriving  at  the  complete  cost  and  selling  price. 
By  adding  together  the  direct  material  and  the  direct  labor  the 
prime  or  direct  cost  is  obtained.  By  adding  to  this  prime  cost  the 
expense  of  operating  the  plant,  the  factory  cost  or  the  cost  of  man- 
ufacturing complete  and  storing  or  shipping  is  secured.  By  add- 
ing the  selling  and  administration  cost  to  the  factory  cost  the  total 
or  commercial  cost  results.  The  selling  price  is  determined  by 
adding  to  the  commercial  cost  the  desired  percentage  of  profit  this 
being  shown  as  the  fifth  and  last  item. 

The  manager  of  a  concern  is  vitally  interested  in  each  of  the 
cost  elements ;  but  in  plants  where  there  is  a  separate  manager  or 
superintendent  in  charge  of  manufacture,  he  is,  of  course,   more 
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FIG.     I — TYPICAL    DISTRIBUTION    OF    COSTS    IN    A    LARGE    FACTORY 

particularly  concerned  about  factory  costs.  This  cost  is  made  up 
of  three  parts :  the  direct  material,  the  direct  labor  and  the  indirect 
expense.  In  some  concerns  the  factory  cost  is  divided  into  four 
parts,  the  indirect  material  and  indirect  labor  being  kept  separate 
the  same  as  are  the  direct  material  and  direct  labor.  Other  com- 
panies make  various  other  divisions  of  the  cost  figures,  depending 
upon  the  decision  of  the  management  and  sometimes  also  upon  the 
nature  of  the  apparatus  manufactured. 

MATERIAL   COST 

Referring  to  the  first  shaded  space.  Fig.  i,  the  manner  of  ar- 
riving at  the  material  cost  is  comparatively  simple.  The  material 
used  in  making  a  piece  of  apparatus  is  included  in  the  cost 
of  the  part  at  the  same  value  at  which  it  is  bought  from  the  out- 
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former  they  are  included  in  the  material  cost  of  the  transformer 
side.  For  example,  if  porcelain  insulators  are  used  on  a  trans- 
at  the  same  price  at  which  they  are  purchased  from  the  pottery. 
Cost  material  is  thus  considered  as  the  price  paid  for  material 
bought  outside  wliclhcr  ilic  material  is  raw  or  finished;  that  is,  the 
material  may  ha\c  had  labor  performed  on  it. 

Under  a  departmental  accounting  system  labor  may  be  consid- 
ered as  material  cost  under  certain  conditions.  This  is  when  one 
department  makes  a  part  which  is  later  assembled  in  another  sec- 
tion to  which  it  is  sold  the  same  as  if  from  the  outside.  Aside 
from  rhe  fact  that  it  would  not  be  correct  to  include  the  original 
labor  a  second  time  in  the  labor  cost,  there  is  another  and  very  im- 
portant reason  why  this  first  labor  is  considered  material  when 
compiling  the  cost  at  the  time  the  part  is  used  in  assembling  it 
later  on,  and  that  is,  because  in  determining  the  amount  of  indirect 
expense  to  be  included  in  the  cost  of  a  piece  of  apparatus  a  cer- 
tain percentage  of  the  direct  labor  is  added,  and  it  will  be  readily 
seen  that  if  labor  on  which  this  expense  had  once  before  been 
added  were  to  be  again  included  as  labor  it  would  result  in  too 
large  an  amount  l)eing  included  in  the  factory  cost  for  indirect  ex- 
pense. For  example,  if  a  punch  shop  section  makes  some  punch- 
ings  and  sells  them  to  a  railway  section  at  a  cost  which  includes 
the  amount  paid  for  the  material,  the  labor  in  making  the  punchings 
and  a  certain  percentage  of  this  labor,  which  is  considered  suffi- 
cient to  cover  the  indirect  expense  in  the  punchings  section  it  would 
be  just  the  same  as  if  they  had  been  bought  from  some  outside 
concern,  and  the  amount  charged  for  the  i)unchings  would  be  con- 
sidered material  value,  and  the  lalx:)r  on  which  a  percentage  would 
be  added  to  cover  the  indirect  expense  in  the  railway  section  would 
be  only  the  labor  in  the  latter  section  in  l)uilding  the  motor. 

However,  when  an  analysis  is  to  l)e  made  of  the  cost  of  the 
complete  motor,  the  total  actual  material  cost  and  total  actual  la- 
bor cost  should  be  shown  for  each  section,  together  with  the  total 
amount  included  for  indirect  expense;  that  is,  so  much  material, 
labor  and  expense  in  the  railway  section.  So  that  in  the  final 
analysis  the  exact  total  cost  of  labor  and  material  can  be  set  out 
separately. 

Another  feature  U)  be  considered  when  machining  raw  mater- 
ial, for  instance,  is  whether  the  value  of  the  scrap  is  worth  c>)n- 
sidering.  Take  a  brass  or  bronze  end  plate  which,  finished,  weighs 
50    lbs.,    but    which    before    machining    weighed    90    lbs.     Then, 
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either  from  the  outside  or  from  a  l)rass  foundry  section  90  lbs. 
of  raw  brass  was  purchased  at  18c  a  pound;  therefore, 
were  the  scrap  not  to  be  considered,  the  material  cost  of  the  end 
plate  would  be  $16.20.  But,  in  addition  to  the  finished  50-pound 
end  plate,  40  pounds  of  scraj)  l)rass  remain,  and  this  scrap  brass 
can  be  sold  for  10c  a  pound  or  $4.00.  Therefore,  the  material 
value  is  not  $16.20  but  $12.20.  So  where  any  value  is  attached  to 
the  scrap  made  in  machining  material,  the  value  of  machined  ma- 
terial is  the  original  cost  less  the  value  of  this  scrap. 

LABOR   COST 

Like  the  material  cost,  the  labor  cost  of  an  article  can  be  de- 
termined definitely  under  most  wage  plans.     However,  the  direct 
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labor  cost  is  not  so  easily  determined  as  the  direct  material  cost ; 
and  the  degree  of  difficulty  encountered  depends  very  largely  upon 
the  particular  wage  system  in  use.  The  correct  labor  cost  is  ob- 
tained by  having  each  workman  rei)ort  on  a  separate  time  slip,  as 
shown  in  Fig.  2,  the  actual  time  ])ut  in  on  each  job.  Each  slip  is 
figured  and  posted  to  a  labor  record.  Fig.  3,  divided  as  to  order 
numbers.  When  the  order  is  finished,  either  the  time  slips,  or  dui)li- 
cates  of  them  or  the  labor  record  to  which  the  time  slips  were 
posted,  are  checked  with  the  record  showing  the  operations  re- 
quired, to  see  that  there  is  a  record  of  labor  on  all  these  opera- 
tion? for  each  piece  on  the  ord^r.    The  total  thus  obtained  is  tciken 
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as  the  actual  labor  cost  of  the  order  or  of  the  ai)paratus.  lii  order 
to  make  sure  that  the  correct  lal)or  cost  is  secured  on  each  order 
a  check  is  made  to  see  that  the  total  amount  of  the  payroll  of  all 
check  employees  in  each  department  agrees  with  the  total  of  the 
direct  labor  record  on  orders  in  that  department,  as  determined  by 
the  plan  described  above,  plus  the  total  labor  charged  to  indirect 
expense. 

It  is  especially  important  that  the  correct  direct  labor  cost  be 
obtained  in  every  case,  as  the  indirect  cost  of  manufacturing  an 
article,  under  some  plans,  is  arbitrarily  determined  by  adding  a 
percentage  of  the  direct  labor  cost,  so  that  each  mistake  in  the 
direct  labor   figures   is  multiplied  in  arriving  at  the  total  cost. 

r^or  exam])le.  the  direct  labor  cost  of  a  generator  is  found  to 
be  $200.  and  for  each  dollar  spent  for  labor  in  that  section  two 
dollars  are  spent  for  expense,  in  other  words,  expense  is  running 
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200  percent  of  direct  labor.  Therefore,  the  indirect  co.st  of  the 
generator  is  $400.  Now,  assume  that  the  material  cost  is  $200, 
and  a  total  or  factory  cost  of  $«Soo  results.  lUit  suppose  by  mis- 
take $50  has  been  omitted  in  totaling  the  direct  labor  from  the 
labor  records;  this  means  that  the  indirect  expense  is  out  twice 
this  amount  or  $100,  the  total  amount  out  in  the  factory  cost  thus 
being  $150.  To  show  that  the  seriousness  does  not  stop  here  as- 
sume that  the  sales  dei)artnient  adds  15  percent  to  the  fact»)ry  cost 
to  deternu'nc  the  commercial  cost,  and  that  to  the  commercial  cost 
10  percent  is  added  for  jirofit  in  arriving  at  the  selling  price.  As 
the  factory  cost  was  $150  low.  15  percent  (»f  $150.  or  $22.50  is 
lost  in  determining  the  commercial  cost,  so  that  at  this  stage  the 
figures  are  incorrect  to  the  extent  of  $172.50.  In  the  same  way 
10  percent  profit  on  $172.50  or  $1725  is  lost,  and  this  means  that 
the  selling  price  is  $189.75  ''^^^' — '^'1  because  the  direct  labor  was 
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out  $50  in  the  first  place.  Moreover  a  cost  once  worked  up  will 
often  be  used  for  all  machines  of  this  particular  type  delivered  for 
six  months  or  a  year,  so  that  correct  labor  costs  are  extremely 
important. 

INDIRECT    FACTORY   EXPENSE 

The  third  block  in  Fig.  i,  and  the  last  step  in  arriving  at  the 
factory  cost,  is  the  indirect  expense.  This  is  also  known  as  over- 
head, burden,  etc.  Indirect  expense  includes  every  expense  after 
those  for  the  direct  labor  and  material,  required  to  produce  an  art- 
icle, such  as  the  pay  of  foremen,  clerks,  inspectors  and  others, 
taxes,  rent,  heat,  light,  handling  material,  cleaning  factory,  cost  of' 
buildings,  repairs  to  buildings,  depreciation  in  the  value  of  build- 
ings, and,  in  the  same  way,  the  cost,  repairs  and  depreciation  of 
tools  and  machinery,  power  for  operating  machines,  defective  de- 
sign, labor  and  material,  loss  on  surplus  material  scrapped,  etc. 
Some  concerns  charge  into  this  indirect  expense  the  interest  on 
the  amount  invested  in  equipment,  product,  etc. 

The  direct  labor  cost  plan  of  distributing  indirect  expenses  is 
about  the  simplest  method  but  it  is  considered  somewhat  less  ac- 
curate than  some  of  the  other  plans.  Some  of  the  other  methods 
of  distributing  indirect  expense  are : — direct  labor  hours,  direct  labor 
and  material,  old  machine  rate,  new  machine  rate,  fixed  machine 
rate  and  new  pay  rate. 

There  is  one  method  of  distributing  indirect  expenses  that,  for 
a  better  name,  is  sometimes  referred  to  as  the  "blanket"  plan, 
which  some  small  manufacturers  use,  but  writers  on  costkeeping 
do  not  often  include  this  in  naming  methods  for  distributing  ex- 
pense. Under  this  plan  the  manufacturer  will  total  all  his  ex- 
penses during  the  year,  except  his  labor  and  material,  and  divide 
this  figure  by  his  total  sales  during  the  year  to  find  the  ratio  of  the 
total  expense  to  the  total  sales.  This  ratio  is  used  throughout  the 
next  year  on  all  articles  sold,  regardless  of  the  actual  conditions 
or  variations. 

The  direct  labor  cost  plan  provides  for  adding  a  certain  per- 
centage to  the  direct  labor  cost  of  an  article  to  ascertain  the  indi- 
rect expense  of  making  the  article ;  this  percentage  being  arrived 
at  by  finding  the  relation  of  the  total  factory  expense  to  the  total 
direct  labor.  An  improvement  on  the  blanket  plan  is  to  determine 
as  closely  as  possible  the  relation  of  the  expense  to  direct  labor  by 
sections  and  to  check  up  these  figures  monthly.  In  one  large 
plant,    the    relation    of    the    expense    to    the    direct    labor    is    de- 
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tcrmincd  by  works  sections,  and,  in  some  cases,  !))■  sub-depart- 
ments; and  these  figures  are  checked  up  monthly.  In  order  to  de- 
termine as  nearly  as  possible  the  expense  chargeable  to  each  sec- 
tion, these  ex])enses  are  di\i(lcd  into  three  classes:  Class  "A," 
those  tliat  can  bo  fairly,  accurately  allocated  to  individual  sub- 
departments  of  a  section ;  Class  "B,"  those  that  can  1)0  assigned 
to  certain  sections ;  and  Class  "C,"  those  expenses  that  come  under 
the  head  of  general  and  which  apply  to  the  factory  as  a  whole 
(taxes,  storekeeping,  etc.)  These  last  are  distributed  to  the  dif- 
ferent sctions  as  equitably  as  possible,  the  conditions  and  circum- 
stances in  conection  with  each  kind  of  expense  being  taken  into 
consideration  in  making  the  distribution. 

Perhaps  this  can  be  made  a  little  plainer  by  an  example.  As- 
sume that  the  direct  labor  in  department  "Z"  during  a  certain 
month  is  $4000  as  obtained  from  the  semi-monthly  payroll  of 
check  men  by  deducting  the  amount  ])ai(l  check  men  for  expense 
labor.  During  this  same  month  the  expense  chargeable  to  the 
department  "Z"  amounts  to  $6,000;  this  amount  includes  such 
Class  "A"  and  Class  "1>"  expenses  as  the  pay  of  men  handling 
material,  the  pay  of  clerks,  foremen  and  others  working  in  the 
section,  the  loss  due  to  defective  workmanship  and  defective  ma- 
terial, the  cost  of  now  small  tools,  the  repairs  to  tools  already  in 
the  section  and  other  such  direct  expenses  charged  to  or  incurred 
by  the  section  during  the  month:  and  also  includes  the  section's 
share  of  Class  "C"  expenses  that  are  gcnral  expenses  and  that  have 
to  be  (ii\  idod  among  the  dififerent  sections  as  correctly  as  possible, 
such  as  the  cost  of  watchmen,  expense  of  llro  brigade,  operation 
and  maintenance  of  industrial  railways,  salaries  of  paymaster, 
storekeeping  expense,  expense  of  the  shii)ping  department,  and 
other  general  charges.  Tn  this  way  it  is  found  that  the  expense 
of  the  section  during  the  month  was  $6000  compared  to  $4tKxi 
productive  labor,  or,  in  other  words,  the  total  indirect  expense  dur- 
ing the  month  equalled  150  percent  of  the  total  direct  labor. 
Therefore,  for  each  dollar  paid  for  direct  lalK)r  in  the  section  there 
is  $1.50  expense;  and  under  the  plan  of  including  indirect  expense 
in  the  cost  it  is  assumed  that  this  expense  is  distributed  tmifornily. 
that  o.uh  dollar  of  direct  labor  carries  along  the  same  amount  oi 
expense  as  every  other  dollar;  so.  after  the  direct  labor  on  a  piece 
of  apparatus  is  determined  in  the  manner  already  cxplainc<l.  this 
amount  is  multiplied  by  1.5  to  detonnine  the  indirect  cost  of  the 
apparatus;  this  indirect  cost  being  added  to  the  direct  matcriil  ntul 
direct  labor  and  the  total  considered  the  nitn.Tl  factory  cost. 
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ADMIXJSTKATION    AND    SELLING    EXPENSE 

After  ascertaining  the  factory  cost  of  an  article  it  is  necessary 
to  know  the  total  or  commercial  cost  before  the  selling  price  can 
be  intelligently  set,  and  this  is  determined  by  practically  the  same 
method  that  is  followed  in  arriving  at  the  indirect  expense.  The 
total  cost  of  administration  and  of  selling  in  a  given  period,  in- 
cluding the  advertising  necessary,  is  compared  with  the  total  fac- 
tory cost  of  the  apparatus  sold  during  the  same  time,  and  the  re- 
lation of  the  total  administration  and  selling  expense  to  the  total 
factory  cost  is  taken  as  the  percentage  to  be  added  to  the  factory 
cost  of  each  article  to  get  the  total  or  commercial  cost,  just  as  a 
percentage  of  the  direct  labor  is  added  to  the  prime  cost  to  ascer- 
tain the  factory  cost.  This  is  something  on  the  "blanket"  method 
of  arriving  at  the  cost  of  output,  but  it  is  sufficiently  reliable  to 
answer  the  purpose,  considering  the  expense  that  would  I)e  in- 
volved in  getting  it  any  other  Avay. 

Until  recently  the  method  has  been  considered  generally  satis- 
factory. A  more  up-to-date  method  of  absorbing  these  expenses 
is  to  allocate  to  divisions  of  the  sales  department  organization  all 
expenses  which  can  be  identified  as  belonging  to  individual  divisions 
(or  in  the  case  of  smaller  concerns,  where  no  sub-division  of  the 
sales  organization  is  made,  to  classes  of  apparatus)  and  pro-rating 
the  remaining  portion  of  the  total  of  these  expenses  over  all  di- 
visions, thereby  securing  difl:"erential  rates  of  commercial  overhead 
percentages  to  apply  to  the  various  lines  of  product  handled  by  the 
dififerent  sales  divisions. 

PROFIT 

After  the  total  cost  of  an  article  is  known,  the  next  thing,  of 
course,  is  to  set  the  selling  price.  If  a  concern  is  manufacturing 
an  article  on  which  it  has  a  patent,  it  need  consider  only 
the  demand  for  the  apparatus.  But  when  a  number  of  concerns 
are  manufacturing  practically  the  same  line  of  apparatus  and  the 
consumer  can  meet  his  requirements  more  or  less  satisfactorily  by 
the  use  of  almost  any  one  of  perhaps  a  dozen  different  makes, 
competition  not  only  makes  it  imperative  that  the  cost  of  making 
and  selling  an  article  be  accurately  known,  l)ut  in  deciding  upon 
the  percentage  of  profit  to  be  added,  the  consumer's  ability  to  buy 
elsewhere  must  receive  careful  consideration. 

GENERAL 

Up  to  this  point  the  subject  has  been  limited  to  cost  figuring 
which,  as  explained  in  the  l)cginning,  is  only  one  of  the  many  fea- 
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tures  embraced  in  the  general  subject  of  cost  keeping;  but  this  is 
such  an  iniportani  part  of  the  scheme — the  vahie  of  the  whole  sys- 
tem depending  to  such  a  great  extent  upon  the  accuracy  of  the 
actual  cost  figures — that  when  mentioned  at  all  it  requires  and  de- 
serves considerable  attention.  There  are  a  number  of  other  inter- 
esting phases  of  the  sul)ject;  sucli  as  departmentalization  of  the 
plant,  individual  sui)crintcndents  being  in  charge  of  and  respon- 
sible for  the  proper  management  of  the  different  departments  ;  each 
superintendent  being  charged  with  tlic  amount  invested  in  his  de- 
partment and  credited  with  the  cost  of  his  tHiti)Ut,  this  amount  be- 
ing watched  by  the  management  and  the  sui)erintendent  called 
upon  for  an  explanation  at  the  end  of  any  month  when  the  amount 
shown  charged  against  him  does  not  seem  justified  by  the  work 
on  hand  ;  how  this  amount  invested  in  each  department  is  meas- 
ured upon  the  l)asis  of  $1.00  of  net  outi)ut,  and  how  this  measur- 
ing ratio  is  arrived  at  and  its  upward  or  downward  tendency  over 
a  predetermined  period  carefully  watched  ])y  the  management  and 
explanations  demanded.  It  also  wcjuld  ha\e  been  of  interest  to 
describe  how  the  total  investment  in  materials,  labor  and  expense 
is  controlled.  Different  concerns  split  the  total  up  in  various 
ways ;  in  one  case  it  is  divided  into  three  parts :  raw  material  and 
supplies,  finished  parts  and  machines,  and  w<^rk  in  progress.  This 
segregation  is  made  to  facilitate  comi)arison  from  month  to  month  ; 
and  each  of  these  main  (li\  isions  is  again  sub-divided  into  numer- 
ous items  so  that  an  abnormal  condition  at  the  end  of  any  one 
month  will  not  only  be  inimediatel\-  seen  but  the  point  where  the 
increase  occurred  can  be  located  at  once,  thus  making  it  possible 
to  get  at  the  actual  cause  without  tedious   investigation. 

Another  im])()rlant  part  t)f  cost  keeping  is  the  manner  in  which 
the  ditTerent  expenses  going  to  make  U|)  the  total  indirect  expense, 
are  controlled.  'IMiis  total  is  (li\ided  into  main  divisions  and  these 
main  divisions  di\ide(l  and  sul)-di\  ided  down  to  the  point  where 
it  is  possii)le  to  pick  out  the  individual  who  is  responsible  for  the 
total  of,  say  janitor  service,  being  high  in  a  ])articular  month. 

'I'he  scope  <>f  this  article  does  not  permit  of  further  treatment 
•  >f  methods  of  applying  the  results  of  co>ts  ;inaly>is.  tiie  intent  being 
for  the  most  p.irt  to  investigate  the  elements  of  cost  itself;  but  the 
importance  of  such  .analysis  cann<)t  be  too  strongly  urged  for  the 
niodern  progressive  m.inufacturer.  as  a  thorough  knowledge  of  cost 
is  essential  to  the  certainty  of  succes><ful  production. 
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DIRECT-CURRENT   GENERATORS— ADDITIONAL  AND  SPECIAL  TESTS 
Three-Wire  Direct-Current  Generators 

THE  three-wire  generator  has  the  same  general  structure  as  the 
ordinary  two-wire  generator,  the  differences  feeing  the  addi- 
tion of  four  collector  rings  connected  to  the  armature  wind- 
ing at  points  90  electrical  degrees  apart,  as  on  a  two-phase  intercon- 
nected armature,  and  the  division  of  the  series  field  and  commu- 
tating  field  into  two  halves,  one-half  being  connected  on  each  side 
of  the  line.  The  collector  rings  are  connected  to  two  coils  of  low 
resistance  but  high  inductance,  called  "balance  coils,"  the  connec- 
tions being  made  in  such  a  way  that  the  two  ends  of  each  coil  are 
180  electrical  degrees  apart.  The  middle  points  of  the  two  balance 
coils  are  joined,  and  connected  to  the  "neutral  wire"  of  the  three- 
wire  system.* 

The  following  electrical   tests   are  made  on  machines  of   this 

type  in  addition  to  those  on  the  standard  direct-current  generator: 

I — Resistances  of  both  halves  of  the  series  and  commutating 

fields. 
2 — Ratio  of  voltages  between  the  different  rings. 
3 — Unbalanced  regulation. 

RATIO    OF    alternating-current   VOLTAGES 

Readings  of  voltage  between  rings  are  taken  in  all  cases.  These 
correspond  to  the  values  inherent  in  the  standard  two-phase,  inter- 
connected winding,  the  voltage  between  rings  /  and  j  and  ^  and  4 
being  71  percent  of  the  direct-current  voltage;  that  between  adja- 
cent rings,  and  between  the  two  outside  rings,  50  percent,  ring  i 
being  nearest  to  the  armature  winding.  Corresponding  readings 
must  be  alike,  otherwise  there  is  probably  some  error  in  the  location 
of  the  taps  to  the  armature  winding. 

regulation 

Since  the  series  field  is  split  in  halves,  it  is  necessary  to  adjust 
similar  German  silver  shunts  to  each  half,  when  taking  the  stand- 
ard regulation.  With  this  exception  the  test  is  made  as  previously 
outlined. 

Unbalanced  Regulation — In  addition  to  the  standard  regulation, 
the  variation  in  voltage  under  conditions  of  unbalanced  load  is  de- 
termined when  so  desired.  The  percent  unbalance  is  limited  by  the 
capacity  of  the  balance  coils  used,  these  being  usually  built  to  take 


*See  article  on  "Three-Wire  Generators,"  in  the  Journal  for  May,  1906, 
p.  290. 
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care  of  25  i)ercc'nl  unl)al;mcc,  i.  c,  2'^  i)ercent  of  the  normal  cur- 
rent flowing  through  tlio  neutral  wire.  The  variation  in  voltage  due 
to  excess  load  on  tlie  one  side  is  independent  of  the  halanced  jx^r- 
tion  of  the  load  on  each  side.  Tiiis  heing  the  case,  the  test  to  check 
the  variation  may  be  made  at  any  convenient  values ;  it  is  usually 
most  convenient,  however,  to  have  no  load  on  one  side  of  the  line, 
and  the  excess  amount  on  the  other. 

The  connections  should  be  made  as  in  Fig.  i.  If  two  volt- 
meters are  not  available  for  reading  the  voltage  between  the  neutral 
and  both  outside  wires,  a  double-throw  switch  may  be  used  and 
both  readings  taken  with  the  same  instrument.  The  machine  is 
started  uj)  and  the  brushes  set  in  the  same  position  as  used  on  the 
standard  regulation  test.    W'itli   normal  voltage  across  the  outside 

leads,  a  load  of  approx- 
imately one-fourth  the 
full  unbalanced  load  is 
applied  between  the  neu- 
tral and  outside  leads, 
and  readings  of  termi- 
nal \olts  and  amperes, 
sjutnt  amperes  and  volt- 
age from  neutral  to 
each  outside  wire  are  taken,  'i'he  load  is  then  increased  by  suit- 
able increments  up  to  one  and  one-fourth  load  on  the  balance  coils, 
complete  readings  being  taken  on  each  point.  At  normal  load  on 
the  balance  coils  the  unbalanced  load  should  be  switched  from  one 
side  of  the  line  to  the  other ;  the  drop  in  voltage  should  be  the  same 
in  each  case,  lloth  voltage  curves  should  be  plotted  with  the  line 
amperes  load  on  the  neutral  wire  as  abscissae  and  volts  as  ordinates. 

Si:kii:s  (Iknkkatoks 
I'oltiKjc  Regulation — The  terminal  voltage  of  a  scries  gencrattir 
varies  with  the  load,  and  the  adjustment  of  the  shunt  on  the  series 
field  should  be  made  so  as  to  give  the  rated  voltage  at  the  rated  load 
and  speed  as  called  for  on  the  name  plate.  I'.efore  starting  the  test, 
all  wiring  shculd  be  carefully  examined,  to  see  that  the  machine 
and  all  instruments  arc  propcry  connected,  and  that  the  circuit- 
breaker  is  in  good  working  order.  .\  small  load  is  first  placed  on  the 
machine  to  see  if  it  will  pick  up;  it  trouble  be  experienced  in  this 
re.si)ect,  the  brushes  should  be  momentarily  short-circuited,  wliich 
process  is  known  as  •'fiashing  the  field."'  If  the  machine  still  refuses 
to  pick  uji.  it  will  be  necessary  to  excite  the  fields  separately      The 
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machine  should  be  run  long  enough  to  reach  normal  operating  tem- 
perature before  adjusting  the  shunt  on  the  series  field,  if  one  is 
required. 

This  test  should  be  made  in  the  same  manner  as  a  saturation 
curve,  starting  with  a  low  current  and  gradually  increasing  it  until 
50  percent  overload  is  reached.  Complete  readings  of  terminal  volts, 
amperes  and  speed  should  be  taken  at  each  point,  and  the  com- 
mutation noted.  The  full-load  current  and  drop  in  the  series  and 
commutating  field  shunts,  if  any  are  required,  should  also  be 
measured.  The  curve  should  be  plotted  with  line  amperes  as 
abscissae  and  volts  as  ordinates. 

Other  tests  on  this  type  of  generator  are  run  the  same  as  on 
shunt  or  compound  wound  machines. 

Special  Tests  for  Direct-Current  Generators 
In  addition  to  the  tests  previously  described,  which  comprise 
the  tests  ordinarily  made  on  a  factory  test  floor,  or  by  a  central  sta- 
tion, there  are  a  variety  of  special  tests  which  are  usually  made  only 
on  new  lines  of  apparatus  or  where  special  investigations  of  per- 
formance are  required  to  secure  engineering  data,  or  in  special  labo- 
ratories. Since  they  are  special  tests,  the  method  of  operation  de- 
pends on  the  type  of  data  desired,  and  only  a  few  of  the  more  com- 
mon ones  will  be  described. 

FIELD  form 

This  test  is  taken  to  determine  the  correctness  of  the  design  of 
the  field  poles,  and  the  proper  location  of  the  brushes  with  refer- 
ence to  the  commutating  position.  It  is  usually  made  at  no  load,  full 
load,  and  at  such  other  loads  as  may  be  desired.  The  most  accurate 
method  of  making  this  test  is  with  the  oscillograph,  but  on  account 
of  the  special  connections  required,  the  following  method  is  often 
used: 

A  template  is  made  from  a  narrow  strip  of  fibre  about  one- 
sixteenth  inch  thick  and  long  enough  to  reach  a  little  on 
either  side  of  two  adjacent  brush  arms  of  similar  po- 
larity; this  strip  should  be  perforated  with  a  line  of  small 
holes  spaced  the  distance  of  one  commutator  bar  apart,  so 
that  the  voltage  from  bar  to  bar  may  be  measured.  These  holes 
should  be  just  large  enough  to  admit  the  point  of  a  hard  lead  pen- 
cil. A  pair  of  voltmeter  points  are  made  from  two  such  pencils,  and 
connected  to  a  low-reading  voltmeter.  The  fibre  template  is  placed  on 
the  commutator  and  fastened  in  position.     It  is  usually  best  to  cut 
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out  the  fibre  to  fit  around  the  brushes,  as  this  gives  it  better  sup- 
port. The  brushes  are  set  on  the  full-load  neutral,  and  terminal 
volts,  amperes  and  speed  held  constant ;  then,  beginning  at  one  end, 
successive  readings  of  the  voltage  between  each  pair  of  holes  across 
the  template  are  taken,  the  points  being  always  moved  in  the  direc- 
tion of  rotation.  If  possible,  all  the  readings  should  be  taken  on  the 
same  scale.  The  commutator  should  be  quite  smooth  where  the  pencil 
points  touch,  to  secure  the  best  results.  These  readings  should  be 
noted,  with  the  number  of  perforations  between  which  each  is  taken ; 
this  will  give  the  exact  location  of  the  brushes  with  respect  to  the 
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holes  in  the  template.  The  curve  is  plotted  with  position  of  points 
as  abscissae  and  volts  as  ordinates,  noting  also  the  location  of  the 
brushes,  as  in  Fig.  2. 

SATUK.\TI()N    OF   Tllli   COM MUT.\TING- POLE 

The  saturation  of  the  commutating  poles  is  obtained  by  run- 
ning the  machine  under  load  with  the  comnuitating  poles  either 
separately  e.xcited,  or  connected  in  series  with  the  armature  of  a 
booster,  or  by  connecting  a  separate  circuit  in  parallel.  The  strength 
of  the  commutating  fields  can  easily  be  ctmtrolled  by  any  of  these 
methods,  i-'ig.  3  shows  the  connections  for  the  first  method,  and 
I-'ig.  4  for  the  second. 

All  connections  should  be  checked  with  the  corresponding  dia- 
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FIG.  3 — CONNKCTIONS  FOR  RUNNING  SATU- 
RATION TliST  ON  COMMUTATING  FIELD, 
WITH    SEPARATE   EXCITATION 


gram,  and  suitable  meters  connected  in  their  proper  circuits,  noting 
carefully  that  the  meter  intended  to  read  the  current  in  the  commu- 
tating  winding  will  read  the  total  current  in  that  circuit  and  not  a 
part  only.    The  machine  is  started  in  the  same  manner  as  for  load 

test  and  loaded  to  approx- 
imately one-half  load. 
The  excitation  of  the 
commutating  poles  is  then 
increased  until  the  ma- 
chine just  begins  to  spark 
and  a  complete  reading 
of  terminal  volts  and 
amperes,  shunt  lield  am- 
peres, commutating  field 
amperes,  speed  and  brush  drop*  are  taken.  A  second  reading  at 
the  same  load  is  taken  with  comnuitating  excitation  decreased  as 
much  as  possible,  while  still  retaining  good  commutation.  These 
readings  are  taken  also  at  normal  load,  150  percent  and  200  per- 
cent load. 

Plotting  these  excitations  as  ordinates  against  line  amperes  as 
abscissae,  Fig.  5,  gives  two  saturation  curves,  the  space  between  them 
being  the  region  of  good  commutation.  With  any  given  excitation 
then,  it  is  evident  that  the  commutation  characteristic  of  the  ma- 
chine at  any  load  can  easily  be  determined.  The  brush  curves  taken 
are  evidence  of  the  amount  of 
over  or  under-compensation,  as 
well  as  the  actual  voltage  being 
commutated.  The  data  in  Table  I 
gives  the  results  taken  on  the  2000 
kilowatt  generator  under  consid- 
eration and  the  form  in  which  it 
should  be  recorded,  except  that 
the  meter  data  has  been  omitted. 

FLICKER    TEST 

This    is    commonly    made    on   fig.    4 — connections    for    running 

mprhl'nPQ      nf      u      nPw      rlp>;i"o-n  Tt  SATURATION    TEST    ON    COMMUTATING 

maclimes    ot    a    new    design,     it       ^^^_^^^  ^^^^  ^^^^^  ^^^^^^^  shunted 
consists  in  throwing  the  load  off       by  a  booster  circuit 
and  on  and  noting  its  effect  on  a  sensitive  lamp  connected  across 
the  terminals  of  the  machine.     The  lamp  or  lamps  used  in  this  test 
should  be  so  arranged  that  the  filament  is  not  directly  visible,  but 


*See  the  Journal  for  April,  1913,  p.  376. 
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the   liglu   as   rcHcctcd   011   some   white   surface   may   be   readily  ob- 
served and  its  variation  noted. 

Co.M M i:kci AL  Tests 

Tn  the  case  of  machines  of  standard  design,  only  such  routine 
tests  are  made  regularly  as  are  necessary  to  determine  if  mechani- 
cal defects  exist  and  to  ])rove  the  similarity  of  the  machine  under 
test  to  the  standard  machine  of  the  same  design. 

Operations  Common  to  .III  Generators  —  The  commutator 
should  be  seasoned,  if  necessary,  and  all  the  brushes  ground  in  care- 
fullv  and  set  in  approximately  the  no-load  neutral  position.     The 

1     lumber,      size,     make     and 

^rade  of  the  carbons  should 
be  noted  when  starting  the 
^  temperature  or  observation 
run.  The  machine  should 
bo  belted  to  a  motor  of  suf- 
ficient capacity  to  carry, 
momentarily,  a])proximately 
dnuble  load  on  the  genera- 
tor, and  a  careful  mechani- 
cal   inspection    made. 

The  location  of  the  neu- 
tral should  be  determined 
as  previously  directed,  and 
with  brushes  set  in  that  i)o- 
siiion,  a  c<n"responding  mark 
made  on  the  rocker  arm 
and  frame.  In  the  case  of 
commutating-pole  machines 
the  rocker  arm  should  be  (li>\\cllcd  in  this  i)osition.  In  other 
machines  an  identification  mark  should  be  made  with  a  chisel  or 
other  means,  so  as  to  be  located  readil\  at  any  time.  (  h\  machines 
with  commutating  poles  the  compensation  should  next  be  checked  by 
taking  the  voltage  drop  under  the  brushes,  and  a  shunt  adjusted 
to  the  coiumutating  field  if   found  necessary. 

Load  tests  vary  according  to  the  type  of  machine.  Xo  machine, 
however,  should  be  approved  on  which  the  comnnUalion  is  not 
sparkless  at  the  end  of  the  normal  load  test.  The  commutator 
nuist  show  a  tendency  to  i)olish  and  not  to  blacken  or  burn.  The 
conditi(Mi  of  the  commutator  should  be  noted  on  the  record  sheet 
both  before  and   after  each   test. 
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After  all  other  tests  have  been  completed,  an  insulation  or 
ground  test  is  made.  The  voltage  used  is  generally  i  500  volts  on 
machines  rated  at  400  volts  or  under,  and  2  cxdo  volts  on  500  and 
750-volt  machines.* 

Belted  Generators  Up  to  50  Kilowatts — On  machines  of  this 
class  having  commutating  poles,  the  neutral  is  checked  by  taking 
three-point  regulation  in  both  directions  of  rotation.  This  also  com- 
prises the  commercial  test ;  the  no-load  reading  giving  a  point  on  the 
saturation  curve  to  compare  with  the  test  on  the  standard  machine. 
Commutation  and  general  operation  should  be  noted  at  each  point 
and  readings  taken  of  line  amperes  and  volts,  field  current,  field 
volts,  and  speed.  At  normal  load,  readings  of  current  shunted  from 
series  or  commutating  windings,  if  any,  and  the  drop  across  each, 
should  also  be  noted.  As  these  machines  have  their  own  bearings, 
they  should  be  run  as  motors  for  a  few  minutes,  so  that  the  end 
play  may  be  properly  adjusted  and  the  mechanical  inspection  made. 

TABLE  I— COMMUTATING-POLE  SATURATION 


■>  Generator  ! 

Data 

Brush 

Drops 

Per  Cent 

Line 

Aux. 

+  Brush 

— 

Brush 

Load 

Amps. 

Amps. 

1 

2 

3 

4 

1 

2 

3 

4 

50 

1750 

1750  1 

.0 

7 

6 

4 

Q 

.66 

.33 

—  .1 

1750 

1100 

26 

3 

66 

.8 

.3 

.35 

.69 

.91 

1750 

2240 

.80 

6 

—  .1 

—  1.66 

1  I 

.8 

.10 

—  .66 

100 

3480 

3480 

.7 

.77 

.67 

.4 

.9 

.87 

.87 

.7 

3480 

2870 

.5 

7 

1.33 

1.5 

57 

.63 

90 

1.1 

3480 

3980 

.57 

4 

.0 

— .  1 

.8 

.7 

0 

—  1.66 

150 

5200 

5200 

.66 

.9 

.66 

.37 

.9 

.5 

.47 

.4 

5200 

4730 

.8 

1.06 

1.33 

1.66 

.66 

.7 

1.1 

1.65 

5200 

5770 

.67 

.6 

.27 

—  .09 

.73 

.9 

.2 

—  .1 

200 

7000 

7000 

.47 

1.08 

1.2 

1.7 

.5 

1.1 

1.31 

1.75 

7000 

7100 

57 

.61 

.68 

72 

.6 

63 

.69 

.73 

7000 

8100 

72 

64 

53 

31 

,73 

65 

54 

.32 

Engine-type  and  Large  Belted  Commntating-Pole  Generators 
— In  addition  to  those  specified  above,  the  following  tests  are 
also  made  on  these  machines.  As  a  check  on  the  no-load  satura- 
tion, three  points,  75,  100,  and  125  percent  voltage,  are  taken.  In 
some  cases,  load  saturation  is  taken  in  addition  to  the  standard  regu- 
lation test,  so  that  the  current  in  the  series  field  for  any  regulation 
may  be  computed.  An  observation  test  is  run  at  125  percent  load 
for  two  hours.  During  this  test  the  general  operation  of  the  ma- 
chine is  observed  carefully,  the  commutation  in  particular  being 
noted. 

N on-commutating  Pole  Generators — On  non-commutating  pole 
generators  of  all  types  the  commercial  te.st  is  the  same  as  that  for 


*See  section  on  "Insulation  Testing"  in  the  Journal  for  March,   1913. 
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commutating-pole  generators  given  above,  except  that  the  brushes 

are  shifted  to  the  running  position. 

Methods  of  Loading  Direct-Current  Generators 

There  are  two  general  methods  by  which  a  direct-current  ma- 
ciiine  may  be  loaded : 

I — By  driving  the  machine  as  a  generator,  either  electrically  or 
mechanically,  and  loading  it  on  a  resistance  or  water  rheostat. 
2 — By  "loading  back"  on  one  or  more  similar  machines. 
Resistance  Method — In  this  method  the  generator  is  belted  or 
coupled  to  a  direct-current  motor  or  other  source  of  power  capable 
of  driving  the  generator  at  50  percent  overload  continuously 
and  100  percent  overload  momentarily.  The  shunt  field  of  the  driv- 
ing motor  is  adjusted  to  give  the  generator  its  rated  speed;  the  gen- 
erator field  circuit  is  closed,  and  the  voltage  brought  up  to  normal, 
after  which  the  line  switch  is  closed  to  connect  it  to  a  resistor  of 

suitable  capacity,  and  its  re- 

I        /"    ~X       r-G-i  sistance  adjusted  to  give  the 

desired   load. 

This  method  is  expen- 
sive and  wasteful,  since  all 
the  power  is  absorbed  in 
the  resistor,  and  therefore 
it  is  used  only  when  other 
means  are  not  available. 
Waste  of  power  can  be 
avoided  by  the  "loading  back"  method,  which  is  commonly  used, 
especially  in  the  case  of  large  machines  and  motor-generator  sets. 
The  principle  of  this  method  is  to  run  two  or  more  machines  on 
test  under  load,  one  machine  acting  as  load  for  the  other,  only  the 
power  necessary  to  make  ui)  the  electrical  and  mechanical  losses 
being  supplied  from  another  source.  This  may  be  done  in  three 
d  iff  credit  ways. : 

Mechanical  Loss  Siif^f^ly  Method— In  this  method  two  machines 
of  the  same  size  and  voltage  are  coupled  or  belted  together  and 
driven  by  a  third  machine  large  enough  to  .^ujiply  the  losses  of  both. 
The  machines  are  connected  as  in  Fig.  6.  If  the  machines  have  se- 
ries fields,  they  should  be  connected  so  as  to  boost  one  another.  The 
series  field  of  the  generatt)r  which  is  to  run  as  a  motor  must  be  re- 
versed before  starting  the  test;  otherwi-sc  it  will  work  against  the 


FIG.    6 — LOADING    R.\CK    BY    MFXH.\NICAL   I-OSS 
SUPPLY    METHOD 
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shunt  field  instead  of  strengthening  it.  The  driving  motor  must  be 
large  enough  to  supply  all  the  losses  of  the  set  up  to  lOO  percent 
overload.  The  field  of  the  driving  motor  should  have  a  rheostat  in 
series  with  it  in  order  to  control  the  speed  of  the  set. 

In  starting  up,  the  switch  between  the  motor  and  generator 
should  be  left  open.  The  field  circuit  of  the  generator  is  closed, 
and  the  machine  brought  up  to  normal  voltage ;  then  the  same  is 
done  for  the  motor,  except  that  it  should  be  brought  up  to  a  voltage 
slightly  below  that  of  the  generator ;  these  voltages  should  be 
checked  several  times  before  closing  the  switch.  On  closing  the 
switch  the  load  ammeter  should  show  a  small  deflection,  since  the 
motor  has  the  lower  voltage.  If  the  ammeter  reads  in  the  wrong 
direction,  the  leads  should  be  reversed.  When  the  line  switch  is 
closed,  the  load  must  be  watched  closely,  for  if  the  machines  are 
not  similar  or  adjusted  similarly,  the  load  is  likely  to  increase  very 

rapidly.  If  it  is  impos- 
sible to  control  the  load 
by  the  shunt  field  of 
the  motor,  it  will  be 
necessary  to  adjust  a 
shunt  on  the  series  field 
of  either  or  both  ma- 
chines until  their  char- 
acteristics are  such  that 
when  the  line  switch  is 
closed,  the  load  can  easily  be  controlled.  After  the  operation  is 
satisfactory,  the  regulation  and  temperature  runs  should  be  taken. 
The  brushes  must  be  set  so  that  they  are  approximately  in  their 
running  position  before  |)aralleling  the  machines,  and  the  load  should 
be  watched  carefully  when  shifting  the  brushes  after  paralleling,  for 
any  change  in  brush  position  will  change  the  load.  Under  no  cir- 
cumstances should  the  field  circuit  of  either  machine  be  opened 
while  the  line  switch  is  closed,  as  this  will  cause  the  machines  to 
take  an  excessive  load,  which  would  probably  damage  them  seriously. 
If  the  generator  is  the  one  being  tested,  its  shunt  field  resistance 
should  be  held  constani  and  the  load  controlled  by  the  shunt  field 
of  the  motor. 

Electrical  Loss  Supply — This  method  consists  in  connecting  two 
similar  machines,  either  directly  or  by  belt,  and  supplying  the  losses 
directly  from  the  line  t"  the  machine  running  as  a  motor.  It  gives 
very  satisfactory  results  when  two  similar  machines  are  used,  but 
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if  the  motor  and  generator  are  of  ditTerent  types,  the  load  is  likely 
to  be  rather  unsteady  und  will  need  constant  attention.  The  same 
l)recautions  as  to  the  load  noted  in  the  preceding  method  must  be 
taken  in  this  case.  Especial  care  should  be  taken  that  the  circuit 
breaker  is  in  good  working  order,  and  it  should  be  trijjped  tw(j  or 
three  times  as  a  test.  Connections  are  as  in  Fig.  7.  The  machine 
which  is  to  run  as  a  motor  should  be  started  from  the  line,  and  the 
rheostats  in  the  shunt  field  adjusted  to  obtain  normal  speed,  keeping 
the  line  voltage  several  volts  lielow  the  required  generator  voltage. 
The  field  on  the  generator  is  then  closed,  and  its  shunt  field  adjusted 
to  normal  \oltage.  The  motor  voltage  and  \oltage  of  the  generator 
should   l)e   checked   se\eral   times   as  before,   to   see   that   thev   are 


FIG.    8 — LOADINC.    HACK     A     MOTOR-GKXF.RATOR     SKT    HV 
THK    KI.KlTKICAL    U)SS    SlPri,V     MKTIIOI) 

set  correctly,  a  tier  which  the  line  swilcli  may  be  closed.  The 
load  ammeter  nui^t  be  watched  closely  to  see  that  it  docs  not  read 
in  the  wrong  direction,  if  the  generator  takes  its  load  loo  (juickly, 
the  circuit  breaker  should  be  tripped  Ijefore  damage  is  done  to  either 
machine;  ihen  the  necessary  shunts  should  be  adjusted  on  the  series 
fields,  and  ihc  machines  paralleled  again.  After  obtaining  satisfac- 
tory operation,  the  re(|uired  tests  may  be  made. 

If  this  method  is  used  with  compound  wound  generaior>.  the 
voltage  on  the  loss  supply  circuit  will  have  to  be  increased  as  the 
load  increases  to  take  care  of  the  increased  voltage  due  to  the  com- 
pounding effect  of  the  generator.    The  voltage  of  the  loss  supply 
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circuit  should  be  set  for  the  no-load  voltage  of  the  generator  under 
test;  then,  after  the  machines  are  paralleled,  the  shunt  field  of  the 
motor  is  reduced  to  obtain  the  desired  load,  while  the  line  voltage 
of  the  loss  supply  circuit  is  increased  until  the  desired  speed  is 
obtained. 

Motor  Generator  Sets — In  this  method  both  machines  are  di- 
rect connected  to  either  direct  or  alternating-current  motors.  The 
machines  should  be  connected  up  as  in  Fig.  8.  When  the  sets  have 
induction  motors,  it  is  necessary  to  have  a  part  or  all  of  the  losses 
supplied  on  the  alternating-current  side.  If  means  for  starting  the 
motors  are  not  available,  the  sets  may  be  started  from  the  direct- 
current  side,  in  which  case  it  will  be  necessary  to  phase  out  the  in- 
duction motors  before  paralleling  the  sets.  After  starting  one  set, 
any  one  of  the  leads  from  the  induction  motor  of  that  set,  which, 
of  course,  will  be  running  as  a  generator,  should  be  connected  to  a 
terminal  of  the  line,  and  the  voltage  between  the  remaining  phases 
measured.  If  it  is  greater  than  normal  the  connections  should  be 
changed.  The  line  switch  may  now  be  closed,  at  the  same  time  open- 
ing the  circuit-breaker  on  the  direct-current  side.  The  second  set 
should  then  be  started  in  the  same  way,  after  which  the  two  sets 
can  be  paralleled  on  the  direct-current  side.  When  the  generators 
are  direct-connected  to  synchronous  motors,  the  losses  can  be  sup- 
plied either  to  the  direct-current  or  the  alternating-current  machine 
or  both. 

When  the  generators  are  direct-connected  to  synchronous  mo- 
tors, in  starting  from  the  direct-current  end,  the  synchronous  ma- 
chines must  be  both  phased  out  and  synchronized  before  paralleling 
the  sets.  If  it  is  possible  to  start  from  the  alternating  end,  with 
either  synchronous  or  induction  motors,  both  machines  may  be 
started  at  once  and  the  process  is  greatly  simplified.  The  brushes 
of  the  direct-current  machines  must  be  set  so  that  they  are  approxi- 
mately in  their  running  position  before  paralleling  the  machines,  and 
the  load  should  be  watched  carefully  when  shifting  brushes  after 
paralleling. 

After  having  both  outfits  running,  the  direct-current  machines 
may  be  paralleled  as  described  above ;  then  the  shunt  field  current 
of  the  direct-current  machine  running  as  a  motor  should  be  re- 
duced. This  will  cause  it  to  take  the  load,  driving  the  alternating- 
current  machine  as  a  generator  loading  back  into  the  line. 
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911 — Operation     of     Rotary     Con- 
verter— \\  ould      a      rotary      con- 
verter connected  in  on  both  direct 
and    alternating-current    sides    run 
away  if  the  shunt  field  should  hap- 
pen to  break  down?  f.  j.  b.  (x.y. 
No.     A  rotary  converter  can  only 
run   away  under   the    following   con- 
ditions:— Disconnection    or    loss    of 
voltage     on     the     alternating-current 
side    and   operating    in   parallel    with 
an  independent  source  of  direct  cur- 
rent, so  that  the  direct  current  will 
be  maintained  when  the  alternating- 
current   circuit    supplying   the    rotary 
converter    fails    and,    further,    when 
the    excitation    conditions    are    such 
that  a  weak  field  results.        f.  n.  x. 
912 — Selection  of  Hoisting  Motors 
— Is  it  good  practice  to  use  wound 
secondary     induction     motors     on 
single     drum     mine     hoisting     en- 
gines?     In    the    small    shafts    and 
new   developments   near   here   they 
use     wound     secondary     induction 
motors     with     external     resistance 
which   is  cut  out   step   by   step  on 
starting.    Would  not  direct-current 
series    motors    be    better    for    this 
work  ?     The  motors  now  used  are 
100  hp,  tiircc-phase,  60  cycles,  220 
volts    and    the    depth    of    shafts    is 
from  300  to  600   feet,   a  level    for 
each  100  feet,  stops  fretiuent.     The 
maintenance  cost  of  direct-current 
motors  would  probably  be  consid- 
erably higher,  but  it  seems  to  me 
that  the  time  saved   by  the  higher 
starting   torque    of    the    direct-cur- 
rent motor  would  more  than  offset 
any  difference  in  cost  maintenance 
and    that    a    direct-current    tnotor 
would  operate  with  less  peaks,  less 
copper  in  feeders  and  less  line  loss. 
The  hoists  are  double-geared,  and 
from  what  I  can  learn  the  first  one 
was  installed  before  the  commutat- 


ing  pole   direct-current  motor  had 
made  its  reputation. 

G.  S.  W.   (ARIZ.) 

The  increasing  use  of  central  sta- 
tion power  by  the  coal  and  metal 
mines  is  responsible  for  the  increas- 
ing use  of  the  wound  rotor  induc- 
tion motor  for  small  and  medium 
sized  hoists.  No  difficulty  is  experi- 
enced in  obtaining  ample  starting 
torque  from  an  induction  motor  de- 
signed for  hoist  service,  and  this 
motor  has  the  added  advantage  of 
being  able  to  utilize  any  voltage,  two 
or  three  phase,  up  to  and  including 
2200  volts.  The  induction  motor 
can  be  used  to  return  energy  to  the 
line  when  lowering  a  loaded  or 
empty  cage.  A  direct-current  motor 
requires  a  supply  of  direct-current 
power  which  in  most  cases  must  be 
obtained  from  rotary  converters  or 
motor-generator  sets.  For  hoist  serv- 
ice the  direct-current  motor  is  gen- 
erally series  or  compound.  The  peak 
loads  will  be  essentially  the  same 
with  either  direct  or  alternating-cur- 
rent motor.  The  efficiency  is  prac- 
tically the  same  with  either  system 
since  one-half  of  the  accelerating 
power  is  lost  in  the  rheostat.  For 
hoists  of  medium  and  large  size, 
liquid  rheostats  can  be  used  for  the 
alternating-current  motor,  which  of- 
fer a  much  simpler  control  than  can 
be  obtained  for  a  direct-current 
motor.  c.  B. 

913 — Operation  of  Exciters  in  Par- 
allcl^liu-  K^'iK-ral  method  ..i 
supplying  field  current  to  alterna- 
tors working  in  parallel  appears  to 
consist  in  connecting  the  fields  to 
two-pole,  double-throw  switches 
which  enables  the  station  attendant 
to  connect  each  of  the  fields  t<->  the 
corresponding  exciter  on  an  exten- 
sion of  the  armature  shaft,  or  to 
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a  separate  source,  for  instance  a 
battery.  Some  large  central  sta- 
tions have  adopted  a  different  sys- 
tem, viz.,  to  run  all  the  exciters  in 
parallel  and  branch  the  fields  from 
the  exciter  bus  bars.  It  is  be- 
lieved that  by  so  doing  there_  is 
less  chance  of  a  machine  falling 
out  of  step  than  when  the  exciters 
are  electrically  independent.  Please 
give  relative  merits  of  these  meth- 
ods. P-  B.  (HOLLAND) 

General  practice  in  the  United 
States  for  excitation  of  alternating- 
current  generators  is  to  operate  all 
exciters  in  parallel  when  there_  is 
more  than  one  exciter.  The  field 
currents  for  the  alternators  are  then 
taken  from  a  common  set  of  bus- 
bars. It  is  further  customary,  when 
a  considerable  number  of  alternators 
are  used,  to  employ  an  exciter  of 
sufficient  capacity  to  excite  several 
of  the  alternators.  The  practice  of 
having  a  separate  exciter  for  each 
alternator  is  not  usually  employed. 
No  particular  difficulty  has  developed 
with  this  method  of  operation  and  it 
has  a  considerable  number  of  points 
of  advantage  over  the  first  method 
mentioned.  p.  M-  l. 

914 — Reducing  Speed  of  Shunt 
Motor — I  have  a  three  hp,  direct- 
current  shunt  motor,  550  volts, 
I  950  r.p.m.,  two  poles.  The  field 
is  wound  with  No.  25  wire  and  has 
4  640  ampere-turns.  The  armature 
has  36  coils,  20  turns  to  a  coil.  Will 
you  please  advise  how  to  reduce 
the  speed  to  about  1250  r.p.m.  I 
rewound  the  coil  with  No.  23  wire, 
giving  about  9000  ampere-turns, 
but  this  only  reduced  the  speed 
about  200  revolutions. 

R.  L.  M.   (PENNA.  ) 

Ordinarily  it  is  not  possible  to  ef- 
fect as  great  a  change  in  speed  as 
you  desire  by  strengthening  the  field 
of  the  motor  as,  if  the  magnetic  cir- 
cuit is  at  all  saturated,  increasing  the 
number  of  ampere-turns  does  not 
produce  anything  like  a  proportionate 
increase  in  field  strength.  Probably 
the  only  thing  to  do  would  be  to  re- 
wind the  armature,  increasing  the 
number  of  turns  approximately  in 
proportion  to  the  desired  speed  re- 
duction. As  smaller  wire  will  have 
to  be  used,  the  IR  drop  will  be  in- 
creased perhaps  30  percent.     Assum- 


ing that  the  IR  drop  is  now  100  volts 

and    is    increased    to    130,    then    the 

number  of  turns  per   coil    would  be 

^  1  ^  1750''  420  , 

approximately  20  x -^-'- v ^*=--  ^26. 
1250 '^  450 

J.  M.  H. 

915 — Connection    of    220   Volt    Di- 
rect-Current Motor  for  no  Volts 

— A  220  volt,  four-pole  armature 
with  series  or  two  circuit  wind- 
ing, having  three  coils  per  sloi, 
37  slots,  in;  commutator  bars  as 
indicated  schematically,  and  with 
fewer  bars  and  turns  in  Fig. 
915  (a),  is  to  be  re-connected  for 
no  volts,  if  possible,  without  re- 
winding. Could  a  double  series 
winding  be  used,  cutting  out  one 
coil  and  one  commutator  bar,  mak- 
ing a  no  coil  machine,  as  shown 
(simplified)  in  Fig.  915  (b).  Upon 
testing  such  an  armature  with  dry 
cells,  buzzer  and  telephone  receiver 
I  found  that  it  was  possible 
when  testing,  to  hold  the  termi- 
nals of  the  test  circuit  on  the 
bars  of  one  winding  and  the  other 
terminal  on  the  second  winding 
and  still  get  no  evidence  of  a  con- 
tinuous circuit  between  the  two 
windings.  This  happens  only 
when  both  windings  are  all  con- 
nected up.     Please  explain  this. 

F.B. 

It  is  possible  to  re-connect  the 
armature  as  suggested  but  it  will  be 
much  better  to  inter-connect  the 
two  windings  by  inter-connecting 
every  two  commutator  bars.  In  ef- 
fect this  will  give  a  55  bar  armature 
with  each  bar  of  twice  the  present 
width.  It  will  also  be  necessary  to 
use  wider  brushes,  as  the  current 
will  be  doubled  at  no  volts  for  the 
same  output.  If  there  are  an  even 
number  of  turns  per  coil  (say  two 
turns),  it  would  be  much  better  to 
open  the  coils  and  spread  them  as 
shown  in  Figs.  915  (c)  and  (d),  so 
as  to  connect  them  in  parallel.  It 
will  be  evident  that  this  can  be 
done  without  cutting  out  a  coil,  but 
will  require  a  wider  brush  as  be- 
fore. It  is  very  questionable  if  the 
coil  ends  would  be  of  sufficient 
length  to  carry  out  this  idea,  but  if 
it  is  possible  to  do  it  the  operation 
of  the  machine  as  re-wound  will  be 
much  better  than  with  the  make- 
shift arrangement  proposed.    In  re- 
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gard  to  the  testinf,'  results  <)l)tained 
with  telephone  receiver  and  buz- 
zer, it  is  probable  that  the  two  par- 
allel  coils   of   the   armature   circuit 


M<.s.  1)15   (a),   (b).   (c)   AMI  (d) 

were  in  each  case  connected  to  sep- 
arate commutator  bars,  the  same  as 
in  arranf;ement  suK^'t'Sted  above. 
In    this   case    it    will   be    seen   that, 


while  the  two  circuits  operate  in 
parallel  when  the  machine  is  run- 
ning, they  are  in  reality  insulated 
from  one  another  throughout. 

c.o.s. 
916 — S  w  i  t  chboard  Connections — 
(a)  What  kind  of  a  receptacle  is 
.shown  on  p.  165  of  the  Februarv 
issue  and  how  are  the  plug  and  re- 
ceptacle wired?  (b)  On  the  ground 
receptacle  in  lower  right  hand  cor- 
ner there  are  the  letters  G.  T.  L. 
What  do  they  mean  and,  if  this  is 
a  receptacle,  how  is  the  plug  wired? 
(c)  In  the  upper  right  hand  corner 
of  panel  /  there  are  two  potential 
transformers.  Why  are  they 
connected  up  different  from  the 
other  two  on  pane!  //? 

C.J.  B.   (ILL.) 

(a)  This  is  a  three-point  plug  recep- 
tacle wired  as  shown  in  Fig.  916  (a). 
The  plug  connects  either  L  and  T. 
or  T  and  G,  depending  on  the  dis- 
tance the  plug  is  pushed  in.  (b) 
G.  T.  L.  means  ground,  transformer, 
line,      (c)    One  of  each  pair  is  con- 


nected to  the  same  phase  of  the  two 
generators  for  synchronizing  and 
voltage  readings,  the  other  two  con- 
nect to  the  bus-bars  for  synchroniz- 
ing voltage  and  potential  coils  of 
wattmeters. 

917— Bell  Load  for  Telephone  Gen- 
erator—With  rclerence  t..  tpies- 
tion  Xo.  }<S5.  would  tlie  character 
of  the  load  have  anything  to  do 
with  such  a  case? 

M.  U.  A.  (PKNN.\."> 
It  would.  The  t(U()honc  Ik'IIs  fur- 
nish an  inductive  !'>ad  which  would 
cau^e  the  current  to  lag  ci)nsitleraJ»Iy, 
tending  to  demagnetize  the  fields. 
Therefore  when  the  alternating-cur- 
rent load  c<imes  on,  the  field  is  weak- 
ened   or    demagnetized    considerably. 
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which  in  turn  lowers  the  direct  cur- 
rent voltage.  Lowering  the  direct- 
current  voltage,  together  with  the 
field  demagnetization  due  to  the  al- 
ternating current  load,  weakens  the 
field  still  more.  This  action  is  cumu- 
lative so  that  the  voltage  may  fall 
off  entirely,  especially  if  the  machine 
operates  fairly  low  on  the  saturation 
curve,  where  it  is  sensitive  to  small 
changes  in  field  excitation.  The  most 
practicable  method  of  curing  the 
trouble  is  to  excite  the  generator 
separately,  say  from  the  storage  bat- 
tery. How  much  the  speed  drops 
when  the  load  comes  on,  depends  on 
the  characteristics  of  the  driving 
motor.  c.  G.  L. 

918 — O  p  e  r  a  tion     of    Compound- 
Wound  Motor  on  Variable  Vol- 
tage— Why    does    a    compound- 
wound  motor  maintain  more  con- 
stant speed  than  a  shunt  motor  on 
variable    voltage    when    driving    a 
centrifugal  pump,  as  stated  in  the 
March    Journal,    p.    235?      Ordi- 
narily it  does  not,  but  I  believe  the 
clue  here  is  in  the  load-speed  curve 
of  the  pump.       c.  w.  d.  (penna.) 
The  questioner   is   correct   in   that 
the  tendency  of  the  motor  to  main- 
tain constant  speed  with  varying  volt- 
age IS  due  to  the  load  speed  charac- 
teristics of  shunt  and  compound  mo- 
tors.   The  compound  motor  for  any 
impressed    voltage    has    a    drooping 
speed     characteristic,     the     drooping 
character  of  the  speed  curve  being  ac- 
centuated with  decreasing  impressed 
volts,  whereas  the  speed  load  curve 
of  a  shunt  motor  is  more  nearly  flat 
and  varies  less  in  slope  with  the  im- 
pressed voltage.    With   either  motor, 
as  the  line  voltage  becomes  lower,  the 
speed    becomes    less.      However,    the 
power   necessary   to    drive    a   centri- 
fugal   pump    decreases    much    more 
rapidly  than    does   the   speed.     Thus 
the  torque  of  the   motor  and  hence 
the   current   input   is   materially   les- 
sened.    This   in   a   compound   motor 
weakens  the  series  field  and  hence  the 
field   flux,    with   the    result    that    the 
motor    speed    does    not    decrease    as 
greatly  as  in  the  case  of  the   shunt 
motor.     The  net  result  of  this  com- 
bined action  is  to  cause  a  smaller  va- 
riation in  speed  with  fluctuating  volt- 
age   with    a    compound    motor    than 
with  a  shunt  motor.    This  statement 
applies    in    more    marked    degree    to 


that  type  of  load  in  which  the  power 
required  drops  off  more  rapidly  than 
the   speed.  e.  c.  w.  &  a.  c.  l. 

919 — "Frequency  of  Alternator" — • 
In  answering  question  865  as  to 
whether  ten  poles  can  be  removed 
from  a  twelve-pole  alternator 
without  affecting  the  frequency, 
the  speed  remaining  the  same,  it 
is  stated  that  the  frequency  re- 
mains the  same.  Now  the  fre- 
quency of  an  alternator  depends 
on  the  formula,  n^(p-^2)Xs, 
when  n  =  the  frequency,  p  ^  the 
number  of  poles,  s  =  the  speed  in 
revolutions  per  second.  If  the  al- 
ternator has  a  speed  of  600  r.p.m. 
the  frequency  is  60  cycles  and  12 
poles,  removing  10  poles,  leaves  2. 
Applying  the  formula,  s  =  600  -=- 
60=:  10  revolutions  per  second. 
Thus  n  =  (2  -^  2)  X  10  :=  ID  cycles 
per  second.  The  frequency  would 
therefore  be  reduced  to  10  cycles, 
the  speed  remaining  the  same.  Am 
I  right?  M.  J.  K.  (wis.) 

Possibly  our  previous  answer  was 
too  brief.  The  formula  as  stated 
above  is  correct,  when  applied  in  the 
way  intended.  However,  the  polar- 
ity of  an  alternating-current  gener- 
ator extends  to  the  armature  wind- 
ing as  well  as  the  fields,  and  remov- 
ing ten  of  twelve  poles,  and  leaving 
the  remaining  two  in  their  original 
position,  does  not  of  course  affect  in 
any  way  the  armature  winding  nor 
its  polarity.  It  simply  means  that 
ten-twelfths  of  the  total  winding  is 
not  having  any  voltage  generated  in 
it  at  any  given  instant.  The  e.m.f. 
generated  in  the  remaining  two- 
twelfths  of  the  winding  is  at  its  nor- 
mal frequency,  since  the  speed  of  the 
poles  relative  to  the  winding  is  ex- 
actly normal.  This  means  that  in 
any  given  coil  in  a  6o-cycle  genera- 
tor, a  6o-cycle  e.m.f.  is  generated 
every  sixth  complete  cycle,  and  the 
coil  is  dead  during  the  intervening 
five  cycles.  Since  all  the  coils  in  the 
generator  are  usually  connected  in 
series,  there  is  no  time  at  which  all 
the  coils  are  dead,  and  hence  a  nor- 
mal 60-cycle  e.m.f.  is  generated  at 
one-sixth  the  normal  voltage,  c.  r.  r. 
920 — Pressing  Rotor  on  Shaft — 
Usually  when  large  alternators  are 
received  at  the  point  of  installation, 
the  rotor  has  been  removed  from 
the  shaft  by  means  of  a  hydraulic 
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press,    especially    designed    for   the 
purpose.    When  installing,  how  are 
we   to  get  the   rotor  on   the   shaft 
again?    Are  screw  jacks  used  or  is 
there    a    special    temporary    device 
for  the  purpose  which  is  easily  ap- 
plicable. J.  G.  K.  (CANADA) 
The  usual  method  is  to  use  a  hy- 
draulic press  to  force  the  shaft  into 
the  hub  of  the  rotor.     If  the  shaft  is 
not  above  about  10  inches  in  diameter 
and  press  is  not  available,  the  shaft 
can   usually   be   forced   into   place   by 
using  bolts  fastened  through  the  hub 
of  the  rotor  and  to  a  cross-bar  over 
the  end  of  the  shaft.    This   method 
has  been  used  successfully  on  several 
ten   and   one-half   inch    shafts.     The 
precaution     should     be     observed     to 
keep  the  shaft  in  motion  after  it  is 
once  started  until  it  reaches  its  final 
position.  w.  c.  m. 
921 — B  o  o  s  ter  Transformers — We 
are  operating  three  40  k.v.a.  single- 
phase,    60    cycle,    2  200/220    volts 
transformers    as    boosters    on    one 
of    our    4000-volt    feeder    circuits 
connected  as  shown  in  Fig.  921(a). 
As  the  vokage  is  high  at  the  time 
of    light     load     it     was     proposed 
to  cut  out  the  booster  transform- 
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FIG.  921   (a) 

ers  when  not  needed  l)y  means  of 
an  oil  switch  in  the  primarv  circuit 
as  indicated  in  I'ig.  921  (a).  There 
was  no  difficulty  with  this  arrange- 
ment at  no-load  but  when  the  oil 
switch  was  opened  with  about  100 
amperes  flowing  in  the  feeder,  the 
od  switch  broke  down  due  to  high 
voltage.  Why  could  not  the  oil 
switch  be  opened   without  causing 


trouble  and  how  can  booster  trans- 
formers be  connected  to  the  circuit 
so  that  they   may   be   disconnected 
without    cutting    out    service    even 
for  a  short  while.      j.  b.  c.  (ill.) 
Trouble  is  to  be  expected  when  op- 
enmg   the   switch    with    load    on    the 
line.     Since  the  boosting  transformer 
has    its    low    tension    winding    con- 
nected in  series  with  the  line,  the  cur- 
rent   flowing    through    this    winding 
will    cause   the   voltage   on   the    high 
tension    winding   to    rise   to   a   value 
much   above   normal   the  instant  the 
switch  is  opened.     This  action  is  ex- 
actly similar  to   what  occurs  with  a 
current    transformer    when    the    sec- 
ondary    is     opened.       The     current 
through  one  winding  causes  magnetic 
saturation  in  the  iron  and  an  abnor- 
mally high  voltage  is  set  up  in  the 
other  vvmding.    There  does  not  seem 
to  be  any  satisfactory  way  of  open- 
mgthis  switch,  except  by  first  cutting 
the  line  out  of  service,  short-circuit- 
mg  the  transformer  secondarv,  open- 
ing   the     transformer     primarv     and 
then   putting  the  line  back  into  ser- 
vice  again.  w.  m.  m. 
922— Connections   for  Transforma- 
tion    from     Three-Phase,     Four- 
Wire     System     to    Two-Phase— 
We  have  a  three-phase,   four-wire 
circuit  with  grounded  neutral,  2300 
volts  between  phase  wires  and  ne^:- 
tral.       We     have    available     i  100- 
2200/110-220      volt      transformers 
with     taps     for    Scott    connection. 
Please    tell    how    to    connect    the 
transformers   for  operating  a  220- 
volt.    two-phase,    four-wire    motor 

circuit.  K.  M.n.   (TK.XAS) 

1  his  result  can  be  accomplished  bv 
the  u.se  of  three  transformers  con- 
nected   as    shown    in    Fig.    922    (a). 
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FIG.  922  (a  > 

Transformers  l  and  2  arc  connected 
to  the  three-phase  circuit  using  the  87 
percent  taps  of  the  high  tension  wind- 
ings while  the  two  halves  of  the  low 
tension  winding  of  each  transformer 
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are  connected  in  parallel  and  the  two 
transformers  connected  in  series. 
Transformer  j  has  its  whole  high 
tension  winding  connected  across  the 
three-phase  circuit  and  the  two 
halves  of  the  low  tension  winding  are 
connected  in  series.  Transformers  / 
and  2  need  only  have  58  percent  of 
the  capacity  of  transformer  j?. 

w.  M.  M. 

923 — Commutating    Pole    Winding 

— Can  you  tell  me  approximately 
the  number  of  turns  of  wire  on  the 
commutating  pole  of  a  generator  in 
percent  as  compared  with  the  regu- 
lar pole  windings?  Please  give 
sketch  of  the  connections  and  show 
direction  of  coils  on  each  pole  for 
a  bi-polar  compound  commutating 
field  generator. 

G.  W.  M.  (OREGON) 

No  direct  relation  exists  between 
the  ampere-turns  of  the  commutating 
pole  winding  and  the  main  winding. 
The  turns  of  the  commutating  pole 
winding  should  be  such  that  its  mag- 
netomotive force  will  exceed  the 
armature  magneto  -  motive  force 
by  an  amount  which  will  main- 
tain under  tlie  commutating  pole 
sufficient  flux  for  reversal  of  current 
in  the  coils  short-circuited  by  the 
brushes.  This  flux  should  have  such 
a  value  and  be  so  distriliuted  that 
the  short-circuited  coils  cutting  it. 
will  have  generated  at  each  instant  an 
e.m.f.  equal  and  opposed  to  the  e.m.f. 
induced  in  each  by  self  and  mutual 
induction  through  current  reversal. 

A.  C.  L. 

924 — B  o  o  s  t  er    Transformer — We 

are  transmitting  25  kilowatts  at 
2300  volts  for  incandenscent  lights, 
which  reaches  the  center  of  distri- 
bution at  rather  low  voltage. 
Would  it  be  practicable  to  boost 
tliis  voltage  ten  percent  liy  using  an 
ordinary  25  kilowatt  I'ghting  trans- 
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FIG.  924  (a) 

former  (230-2300)  by  connecting 
the  primary  across  the  line  in  mul- 
tiple and  connecting  the  secondary 
in  series  with  the  2  300  volt  circuit, 


beyond   where   the   primary   of  the 
transformer   is  connected? 

F.  E.  B.   (S.  CAROLINA) 

This  is  correct  in  principle.  The 
only  trouble  is  that  it  puts  a  2  530- 
volt  stress  on  a  winding  intended  for 
operation  at  only  230  volts.  However, 
there  is  a  fair  probability  that  a  mod- 
ern transformer  might  stand  such 
service.  w.  m.  m. 

925 — O  p  e  r  a  tion  of  Auto-Trans- 
formers—  (a) — Given  two  30000 
to  10  000  volt  auto  transformers  in 
open  delta,  as  in  question  No.  829, 
what  would  happen  to  the  appara- 
tus connected  to  the  10  000  volt 
circuit,  transformers,  lighting  ar- 
resters, etc.,  if  a  ground  should  oc- 
cur on  one  of  the  two  open  legs  of 
the  30000  volt  circuit?  (b) — What 
would  be  the  effect  on  the  auto 
transformer,  particularly  with  ref- 
erence  to  the   voltage   delivered   at 
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FIG.  925  (a) 

the  10  000  volt  taps,  without  load, 
and  also  with  reference  to  the  440 
volt  secondary,  if  the  charging  cur- 
rent in  a  line  served  from  the 
10  000  volt  taps  is  less  than  the  am- 
pere capacity  of  the  auto  trans- 
formers, but  considerably  in  excess 
of  their  normal  charging  current? 

J.  C.  D.   (MONTANA) 

(a) — ^Operating  in  this  manner  is 
liable  to  cause  trouble  unless  the  com- 
mon wire,  Bb.  Fig.  925  (a)  is 
grounded.  If  Bb  is  ungrounded  and 
a  ground  should  occur  on  A,  we  will 
have,  a  20000  volts  above  ground,  b 
30000  volts  above  ground  and  c 
26  500  volts  above  ground.  It  is  evi- 
dent that  such  a  condition  would  be 
dangerous  to  the  10  000  volt  circuit. 
If  Bb  is  permanently  grounded,  no 
such  dangerous  condition  can  arise. 

(b) — If  you  refer  to  the  regulation 
of  the  transformers,  the  effect  of  the 
charging  current  of  the  line  would 
be  small.  The  charging  current 
would  of  course  act  only  as  a  capac- 
ity load  on  the  transformers. 

w.  M.  M. 
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NATIONAL    ELECTRIC    LIGHT    ASSOCIA- 
TION   CONVENTION 


Program    of     General,     Technical     and 

Commercial,  Accountinj^-,   Hydro- 

F.ltctric  and  Public   Sessions. 


The  annual  convention  of  the  Na- 
tional Electric  Light  Association  will  be 
held  in  Chicay  >.  June  2-6.  at  the  new 
El  Medinah  Temple.  The  program 
follows  : 

Monday.  June  2 — -Registration  and 
opening  of  exhibits.  Reception  in 
evening. 

Tuesday,  10:00  .1.  M. — Main  .Audi- 
torium. Room  No.  I — Addre-^s  of  Presi- 
dent Tait ;  Report  of  the  Committee  on 
Organization  of  the  Industry — H.  IT. 
Scott,  Doherty  Operating  Company;  Re- 
port of  Secretary,  T.  C.  Martin ;  Re- 
port of  Insurance  Expert — W.  H.  Blood, 
jr..  Stone  &  Webster  Corporation;  Re- 
port of  Committee  on  Progress — T.  C. 
Martin.  Secretary;  Report  on  Question 
Box — S.  A.  Sewall,  Asst.  to  Secretary; 
Paper:  ".\nticii)ation" — ^Paul  Lupke. 
Trenton.  N.  J.,  Public  Service  Electric 
Company. 

Tuedsay,  -'.-.-jo  P.  M. — Main  Audito- 
rium. Room  No.  I. — First  Technical 
Session — Report  of  Meter  Committee 
(with  Third  Edition  of  Code  for  Elec- 
tricity Meters) — \\\  H.  Fellows.  Wash- 
ington. I).  C.  Potomac  Electric  Power 
Com])any ;  Report  of  Committee  on 
(Grounding  Secondaries — W.  H.  Blood. 
Jr..  Boston,  Stone  and  Webster  Corpor- 
ation ;  Report  of  Lamp  Committee — 
I-"rank  W.  Smith.  New  York,  L^nited 
Electric  Light  &  Power  Company ;  New 
Incandescent  Lamp  Development.  J.  E. 
Randall.  Cleveland.  National  Electric 
Lamj)  .Association;  Paper:  "ihe  Incan- 
descent Lamp  and  Its  Relation  to 
Lighting  Service'' — R.  E.  Campbell  and 
W.  C.  Cooper.  Cleveland  National  Elec- 
tric Lamp  .Association;  Report  of  Com- 
mittee on  Measurrments  and  \'alues — 
Dr.  .\.  E.  Kennelly.  Cambridge,  Mass.. 
Harvard   University. 

Tuesday.  J.-jo  P.  .\f. — Lawn  Tent, 
K'ooni  No.  2 — I-'irst  Commercial  Ses- 
si  >n — Address  of  Chariman  of  the  Sec- 
tion. Edward  W.  L'oyd.  Chicaeo.  Com- 
monwealth Edison  Companv  :  Report  of 
I'inance  Commtitee — T.  I,  Jones,  Brook- 
lyn. Edison  Ekctric  Illuminating  Com- 
pany: Report  of  Membershij)  Ci>mmit- 
tec— J.  1".  Becker.  New  York,  United 
Electric  Light  &-  Power  Companv;  Re- 
port of  Publications  Committee — 
Douplas'?  Burnrtt.  Baltimore.  Consoli- 
dated Gas.  Electric  Light  &  Power 
Cornpany;    Address:    "How    to    Protect 

Business     from     l~)i<;tiirlianrp     C-Mica,A     K«- 


Panics" — David  R.  Forgan.  Chicago, 
president  National  City  Bank ;  Report 
of  Electric  Salesmen's  Hand-book  Com- 
mittee— E.  L.  Callahan,  Chicago,  H.  M. 
Byllesby  &  Company. 

Temple  Parlor.  Room  No.  ^ — First 
.Accounting  Session — Report  of  Com- 
mittee on  Uniform  System  of  Accounts 
— E.  J.  Bowers,  Kansas  City,  Mo.,  Kan- 
sas City  Electric  Light  Company ;  Pa- 
per :  ".Accounting  School  and  Education 
of  Employees" — A.  L.  Holme.  New 
A'ork,  New  York  Edison  Company ;  Pa- 
per: "Method  of  Keeping  prepaid  and 
.Accrued  Accounts"  — bVanklyn  Hey- 
dtcke.  Newark.  N.  T.,  Public  Service 
Electric  Company;  Pa])er:  "Office  and 
Mechanical  Appliances.  Their  Uses. 
Economies  Effected,"  etc. — H.  L.  Loh- 
meyer.  Baltimore.  Air..  Consolidated 
Gas.  Electric  Light  &   Power  Company. 

Wednesday.  10:00  A.  M. — Main  Au- 
ditorium, Room  No.  I — First  Hydro- 
Electric  and  Power  Transmission  Ses- 
sion— .Address  of  Chairman  of  Section 
— W.  N.  Rverson,  Duluth.  Alinn..  Great 
Northern  Power  Company;  Report  of 
Committee  on  Membership — R.  T.  Mc- 
Clelland. New  York,  Electric  Bond  &• 
Sharp  Companv;  Report  of  Committee 
on  Progress — T.  C.  Martin,  Secretary; 
Report  on  Turb'nes  (Report  being  part 
of  National  Committee  Report  on 
Prime  Movers) — J.  F.  \'aughan.  Boston. 
Stnne  <^-  Webster  Cornoration ;  Paper: 
"The  New  Tvpe  of  Thrust  Bearing" — 
.Albert  Kingsbury.  Pittsburgh. 

Lawn  Tent.  Room  No.  2 — Second 
Commercial  Session — Report  of  Com- 
mittee on  Education  of  Salesmen — 
rieorge  Williams.  New  York.  Henry  L. 
Doherty  Company:  Report  of  Commit- 
fee  on  Electrical  Merch;»ndising — T.  T. 
Jones.  Brooklyn.  E(li>on  Electric  Illumi- 
»i-iting  Company;  Report  of  .Advertis- 
ing Comm'ttee — J.  Robert  Crou'^e. 
C'cveland.  National  Qual'ty  Lamp  Di- 
vision General  Electric  Comi).'"iv ;  .Ad- 
'■'Ttising  for  a  Sm;i'l  Centnd  .'^t-»tion — 
'^'.  H.  Bo\nton.  Cleveland.  Xit'onal 
Oiial'tv  Lamp  Division,  Gcv  i  ■'  Elec- 
tric Company. 

Temple  Par'or.  Room  No.  j  Second 
Account  ng  Session — Report  of  Sub- 
committee on  i  Tentative  ClassificTtiou 
of  .A'-counts  Including  Balance  Sheet 
•'Ufl  Indicant  .Accoimt«— T  L.  Baiiev. 
B-.tlfimore.  OinsoHd.->ted  Gas.  F'ectric 
T  MTiit  Si  Power  Co"inanv ;  Paix  - 
"H^nd'-ne  of  F'-"i<'I>t  Bilh"— A'bert  S 
S'-ott  Chicngo  Pulilic  *>crvicc  Cnmnanv 
of  Nortl'Tn  Illinois:  P:»prr ;  "Arronn'- 
'"g  for  Renlacement  of  P'r>nt  Retired 
From  Se'-'-i'-e — Ffnk  A  Birc'\  Phila- 
de'nlii^.   Philadelphia  ElTtrir  Comnar^'. 

Wednc'dax.  irj^i  .•/.  }f — Main  Audi- 
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and  Executive  Session — 'Paper  :  "Central 
Station  Power  in  Coal  Mines"- — W.  A.. 
Thomas,  Pittsburgh,  Westinghouse  Elec- 
tric &  Mfg.  Co.;  Paper:  "Switching  Ap- 
paratus for  Rural  Instalations — ^E.  B. 
Merriam,  Schenectady,  General  Electric 
Company;  Paper:  "Central  Stations  for 
Towns  of  5  000  Population  or  Less — J. 
Edward  Kearns,  Schenectady,  General 
Electric  Company. 

Wednesday,  12:45  Noon — Executive 
Session — Action  on  Report  of  Public 
Policy  Committee — Arthur  Williams, 
New  York,  New  York  Edison  Com- 
pany; Presentation  of  Proposed  Con- 
stitutional Amendments — Frank  W. 
Frueauff,  Denver,  Denver  Gas  &  Elec- 
tric Company;  Report  of  Treasurer — • 
W.  W.  Freeman,  Birmingham,  Alabama 
Power  Company;  Election  of  Nominat- 
ing Committee;  Appointment  of  Com- 
mittee on  Resolutions. 

Wednesday.  8:30  P.  M.— Public  Pol- 
icy Session — Main  Auditorium,  Room 
No.  I — Reading  of  Report  of  Public 
Policy  Committee ;  Address  by  Samuel 
Insull,  President,  Commonwealth  Edi- 
son Company,  Chicago;  Report  of  Com- 
mission on  Resuscitation  from  Shock — 
W_.  C.  L.  Eglin,  Philadelphia,  Philadel- 
phia Electric  Company  ;  Lecture  on  Acci- 
dent Prevention  in  Public  LTtilities — J. 
B.  Douglas,  Philadelphia,  United  Gas 
Improvement  Company  (Illustrated  by 
Lantern  Slides)  ;  Musical  Exercised 
During  the  Evening — N.  E.  L.  A.  Sec- 
tion Band;  Commonwealth  Edison 
Company. 

Thursday,  10:00  A.  M. — Second  Tech- 
nical Session — ^Main  Auditorium,  Room 
No.  I. — Report  of  Committee  on  Prime 
Movers — I.  E.  Moultrop,  Boston,  Edi- 
son Electric  Illuminating  Company ;  Re- 
port of  Committee  on  Electrical  Appa- 
ratus— L.  L.  Elden,  Boston,  Edison 
Electric  Illuminating  Company  ;  Paper  : 
"Switchboard  Instruments" — ^Paul  Mc- 
Gahan,  Pittsburgh,  Westinghouse  Elec- 
tric &  Mfg.  Co.;  Paper:  "Latest  De- 
velopments in  Distributing  Transform- 
ers"—E.  G.  Reed,  Pittsburgh;  West- 
inghouse Electric  &  Mfg.  Co.;  Paper: 
"The  Use  of  the  Telephone  in  Central 
Stations" — Angus  Hibbard,  New  York, 
American  Telephone  &  Telegraph  Com- 
pany; Report  of  Overhead  Line  Con- 
struction Committee  —  "P-^-iey  Osgood, 
Newark,  N.  J.,  Public  oe^  \'ice  Electric 
Company. 

Third  Commercial  Session  —  Lawn 
Tent,  Room  No.  2 — ^Report  of  Electric- 
ity on  the  Farm  Committee — (a)  East- 
ern States — John  C.  Parker,  Rochester, 
Rochester  Railwav  &  Light  Companw; 
(b)  Middle  States— C.  W.  PenDell. 
Chicago,  Public  Service  Company  of 
No.  111.;  (c) Western  States— Stanley  V. 


Walton,  San  Francisco,  Pacific  Gas  & 
Electric  Company;  Report  of  Commit- 
tee on  Wiring  of  Existing  Buildings — 
Robert  S.  Hale,  Boston,  Edison  Electric 
Illuminating   Company. 

Third  Accounting  Session — ^Temple 
'Parlor,  Room  No.  3 — Report  of  Sub- 
Committee  on  Statistics  and  Forms— 
C.  L.  Campbell,  Waterbury,  Conn., 
United  Electric  Light  &  Water  Com- 
pany, H.  Spoehrer,  St.  Louis,  Union 
Electric  Light  &  Power  Company ;  Pa- 
per: "Obligations  of  the  Bookkeeping 
Department  to  the  Operating  Depart- 
ment"— ^H.  Patterson,  Rochester,  N.  Y., 
Rochester  Railway  &  Light  Company ; 
Paper:  "Handling  of  Bond  Coupons" — 
W.  J.  Kehl,  Richmond,  Va.,  Virginia 
Railway   &   Power   Company. 

TJmrsday,  2:30  P.  M. — ^Second  Hydro- 
Electric  and  Power  Transmission  Ses- 
sion— Main  Auditorium,  Room  No.  i — 
Paper:  "Poles  and  Pole  Preservation" — 
R.  A.  Grififin,  Chicago,  Western  Elec- 
tric Company ;  Paper :  "Lighting  Ar- 
resters"— E.  E.  F.  Creighton.  Schenec- 
tady, General  Electric  Company  ;  Paper  : 
"Developments  in  Protective  Aoparatus" 
— J.  N.  Mahoney,  Pittsburgh,  Westing- 
house Elec.  8z  Mfg.  Co.;  Lecture:  "The 
System  of  the  Mississippi  River  Power 
Company"- — Hugh  L.  Cooper,  Keokuk, 
la.,  Mississippi  River  Power  Company 
(Illustrated  by  Lantern). 

Fourth  Commercial  Session — Lawn 
Tent,  Room  No.  2 — Report  of  Commit- 
tee on  Ice  and  Refrigeration — George 
H.  Jones,  Chicago,  Commonwealth  Edi- 
son Company;  Report  of  Committee  on 
Short  Cuts  in  Executing  Customers  Or- 
ders— George  C.  Holbertson,  San  Fran- 
cisco, Pacific  Gas  &  Electric  Company; 
Report  of  Committee  on  Steam  Heating 
■ — S.  Morgan  Bushnell,  Chicago,  Com- 
monwealth Edison  Company;  Report  of 
Nominating  Committee;  Election  of  Of- 
ficers. 

Friday,  10:00  A.  M.— Third  General 
and  Fifth  Commercial  Session — ^Main 
Auditorium,  Room  No.  i — Report  of 
Rate  Research  Committee — E.  W. 
Lloyd,  Chicago,  Commonwealth  Edi- 
son Company;  Report  of  Street  Light- 
ing Committee — John  W.  Lieb,  New 
York,  New  York  Edison  Company;  Pa- 
per :  "Arc  Lamps  and  Recent  Develop- 
ments Thereof" — W.  A.  Darrah,  Pitts- 
burgh, Westinghouse  Electric  &  Mfg. 
Co.;  Paper:  "Advantages  of  Copper 
Clad  Wire  for  Series  Arc  Lighting" — 
T.  K.  Stevenson,  New  York,  Duplex 
Metals  Company;  Report  of  the  Com- 
mittee on  Underground  Construction — 
W.  A.  Abbott,  Chicago,  Commonwealth 
Edison  Company ;  Lecture  :  "Light  and 
Art" — ^M.  Luckiesch,  Cleveland,  Na- 
tional  Quality   Lamp   Division,   General 
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Electric  Compan.v  (Illustrated  by  Lan- 
tern Slides);  Address:  "Objects  of  the 
Society  for  Electrical  Development" — 
Henry  L.  Doherty,  New  York,  President 
of  Society. 

Third  Hydro-Electric  and  Power 
Transmission  Session — Lawn  Tent, 
Room  No.  2 — Report  of  Committee  on 
Receiving  Apparatus — AL  R.  Bump, 
New  York,  Henry  L.  Doherty  Com- 
pany; Report  of  Committee  on  Distri- 
l)uting  Lines — P.  M.  Downing,  San 
Francisco,  Pacific  Gas  &  Electric  Com- 
pany; Report  of  Committee  on  Opera- 
tion of  Water  Power  Systems — ^D.  B. 
Rushmore.  Schenectady,  General  Elec- 
tric Company ;  Factors  Producing  Relia- 
bility in  the  Suspension  Insulator — A.  O. 
Austin,  New  York,  Ohio  Brass  Com- 
panv  :  Paper :  "Transmission  Line  Con- 
struction"'—R.  D.  Coombs,  N.  Y.,  R.  D. 
Coombs  &  Company ;  Address  :  "Inves- 
tigation of  Life  Hazards  of  High  Ten- 
sion Lines,"  bv  the  U.  S.  Bureau  of 
Standard— Dr.  S.  W.  Stratton,  Wash- 
ington, D.  C,  U.  S.  Bureau  of  Stand- 
ards :  Election  of  Officers. 

Friday.  2:30  P.  M. — Fourth  General 
aind  Third  Technical  Sessions — Main 
Auditorium,  Room  No.  i — Paper : 
"Transformers  and  Power  Transmis- 
sion"—H.  H.  Rudd.  Pittsburgh,  West- 
inghouse  Electric  &  Mfg.  Co.;  Paper: 
"Railway  Loads  for  Central  Stations" — 
E.  P.  Dillon.  Pittsburgh,  Westinghouse 
Electric  &  Mfg.  Co.;  Report  of  Com- 
mittee on  Award  of  Dohertv  Gold 
Medal— W.  F.  Wells,  Brooklyn,'  Edison 
Electric  Illuminating  Company ;  Report 
of  Committee  on  Memorials — T.  C. 
Martin,  New  York,  Secretary;  Report 
of  Committee  on  Constitutional  Amend- 
ments— Frank  W.  Frucauff,  Denver, 
Denver  Gas  &  Electric  Company ;  Vote 


on  Constitutional  Amendments;  Report 
of  Committee  on  Resolutions;  Report 
of  Nominating  Committee;  Election  of 
Officers;  Adjournment. 


PERSONALS 


Mr.  Gano  Dunn,  junior  past  presi- 
dent of  the  American  Institute  of  Elec- 
trical Engineers,  has  recently  been 
elected  president  of  the  J.  G.  White 
Engineering  Company. 


Mr.  H.  C.  Donecker,  secretary  of  the 
American  Electric  Railway  Association, 
has  accepted  the  position  of  assistant 
general  manager  of  the  Public  Service 
Railway  Company,  Newark,  N.  J.  Mr. 
Donecker  has.  however,  made  arrange- 
ments which  will  permit  him  to  continue 
his  association  work  until  after  the 
next  convention  at  Atlantic  City  in 
October. 


Mr.  Allen  E.  Ransom,  formerly 
manager  of  the  industrial  and  power 
department  of  the  Seattle  district  of- 
fice of  the  Westinghouse  Electric  & 
Mfg.  Company,  and  later  assistant 
general  manager  of  the  Olympic 
Power  Company,  has  recently  accep- 
ted the  position  of  manager  of  the 
Caldwell  Machinery  Company,  of  Se- 
attle, Washington. 


Mr.  Thos.  S.  Henderson,  sales  man- 
ager. West  Penn  Electric  Company, 
First  National  Bank  Building,  Pitts- 
burgh, Pa.,  is  interested  in  obtaining 
a  complete  file  of  manufacturers'  cat- 
alogues and  literature  covering  all  va- 
rieties of  motors,  lamps,  devices  and 
appliances  that  are  employed  in  build- 
ing up  central  station  loads. 
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NEW  BOOKS 

"The  Una-Flow  Steam  Engine" — Prof. 
J.  Stumpf.  229  pages,  250  illustra- 
tions. Published  by  D.  Van  Nostrand 
Company.  For  sale  by  The  Electric 
Journal.  Price,  $3.50. 
Prof.  Stumpf  describes,  in  a  very 
graphic  manner  and  in  abundant  detail, 
the  very  unique  and  useful  type  of 
steam  engine  developed  by  himself.  As 
suggested  l^y  the  title,  the  steam  flows 
in  a  constant  direction  from  inlet  valve 
to  exhaust  ports,  avoiding  the  variation 
in  temperatures  which  produce  cylinder 
condensation.  This  excellent  feature 
lias  a  valuable  supplement  in  the  form 
of  valveless  exhaust  ports  controlled  by 
the  travel  of  a  piston.  The  author 
treats  first  of  the  thermal  and  construc- 
tional features  and  then  takes  up  elabo- 
rately the  results  of  numerous  tests. 
As  the  book  indicates,  this  type  may  be 
adapted  to  all  of  the  general  require- 
ments in  steam  engine  practice,  and  the 
locomotive  and  stationary  locomobile 
types  of  self-contained  unit  presents  a 
promising  opportunity.  Abroad,  this 
construction  has  met  with  marked 
favor,  and  several  manufacturers  in 
this  country  have  undertaken  to  intro- 
duce the  Stumpf  Engine  in  the  Ameri- 
can market.  While  the  steam  turbine 
has  probably  overshadowed,  to  a  large 
extent,  its  growth  in  the  field  of  station- 
ar}'  prime  movers,  there  are  other  im- 
portant uses  in  which  it  is  expected  to 
maintain  a  position  of  much  value,  such 
as  locomotives,  self-contained  units, 
compressors,  winding  and  rolling  mill 
engines,  etc.  The  book  may  profitably 
be  examined  by  engineers  and  business 
men  engaged  in  the  use  of  power,  e.d.d. 


"Coal — Its  Consumption,  Analysis,  Util- 
ization and  Valuation" — E.  E.  Somer- 
meier.       167     pages.     8     illustrations. 
Pul)lished   by   the   McGraw-Hill   Book 
Company.     Price,  $2.00. 
This    is    a    condensed    and    practical 
treatise  on  the  subject  of  coal,  dealing 
with  the  various  chemical  phases  as  in- 
dicated   by   the   title.      The   information 
emlindied    is    important    to    every    large 
consumer    of    coal,    and    a    great    many 
points  are  brought  out,  such,  for  exam- 
ple, as  the  possible  ^bearing  of  the  ulti- 
mate composition   of  the   coal   upon   its 
Inirning  qualities  or  characteristics,  cer- 
tain   essential    observations    in    sampling 
and  analytical  determinations,  etc.     Too 
frequently   such    factors   are   overlooked 
or    else    unappreciated    in    the    ordinary 
tests    or    investigations    of    coal.      The 
boolv  is  concluded  by  a  summary  of  the 
leadmg  coal  fields  of  the  United  States. 

E.D.U. 
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The  article  in  this  issue  of  the  Journal  on  "Elec- 

The  Tendency  trical   Contact  Resistance"  l)y   Mr.   F.  W.   Harris, 

in  Contact      <l^al^  ^vilh  a  matter  little  thought  of,  but,  as  well 

Design  shown,  of  fundamental  importance  in  the  design  of 

switching  apparatus.  The  investigations  described 
by  Mr.  Harris  show  results  doubtless  quite  contrary  to  those  gen- 
erally expected.  These  may  be  summarized  briefly  as  follows : 
"The  resistance  between  clean  contacts  maintained  at  a  given 
pressure  is  i)ractically  independent  of  their  surface  condition." 
This  means  that  comparatively  clean  contacts,  whether  new  or 
burned,  will  present  practically  the  same  resistance,  so  long  as  they 
are  not  burned  away  sufficiently  to  reduce  the  initial  pressure. 

The  following  contact  designs  are  commonly  employed : — 
(a;  laminated  brush,  found  in  the  better  carbon  breakers,  also  in 
many  oil  circuit  breakers;  (b;  finger  type  of  contact,  well  illus- 
trated in  the  ordinary  drum  controller,  which  is  a  rubbing  con- 
tact, and  also  frequently  found  in  oil  switches;  (c)  the  butt  type 
of  contact,  particularly  used  for  arcing  tips  with  oil  switches  and 
where  heavy  service,  such  as  frequent  motor  starting,  is  involved ; 
(d)  a  further  design,  employing  a  rolling  contact  and  hcaxy 
pressure  at  the  end  of  tra\cl  between  surfaces  resembling  the 
plain  butt  design. 

In  comparing  the  butt  contact  with  the  other  designs,  its  sim- 
plicity is  strongly  advocated  as  its  best  justification.  In  order  to 
carry  large  currents,  pressures  excessive  for  ordinary  mechanisms 
are  required,  hence  the  application  of  the  butt  contact  to  such  sr- 
vice  has  not  received  the  same  approval  as  the  laminated  brush, 
which  has  the  additional  advantage  of  being  self -cleaning.  The 
same  advantage  is  enjoyed  by  the  sliding  cojitact  design,  thougl* 
it  is  probably  not  so  well  adapted  to  carrying  \ery  large  currents 
as  the  laminated  contact.  The  butt  coiUact  is.  however,  a  very 
useful   allv  of  the  laminated  contact,  and  also  of  the  sliding  con- 
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tact,  as  an  arcing  tip.  The  combination  of  the  butt  contact  with 
the  laminated  or  sliding  form  is  found  in  the  best  modern  prac- 
tice. This  is  because  the  self-cleaning  qualities  of  the  laminated 
or  sliding  contact  designs  recommend  them,  especially  where  large 
currents  are  to  be  carried  continuously,  and  the  ready  replacement 
features  are  in  the  favor  of  the  butt  contact,  where  renewal  is 
likely.  A  butt  design  arranged  for  sliding  contact  as  a  means  for 
obtaining  self-cleaning  has  also  received  some  favor.  The  gen- 
eral tendency  is  to  employ  the  laminated  and  sliding  contacts  in- 
stead of  the  simpler  and,  otherwise  apparently  desirable  butt  con- 
tact for  heavy  service,  inasmuch  as  the  butt  design  is  particularly 
adapted  to  light  service,  rather  than  to  heavy  service,  because  of 
its   failure  to  be  self-cleaning.  K.   C.   Randall 


The  last   few  years  have  witnessed  a  remarkable 

High  increase    in   the   use   of    electric   current.     One   of 

Efficiency       ^'^^  most  important  factors  contributing  to  this  in- 

Illumination    crease  has  been  the  development  of  high  efficiency 

lighting  units  for  all  purposes.  The  gradual  im- 
provement of  one  system  after  another  has  set  new  standards  for 
commercial  and  industrial  illumination.  Not  only  is  this  so,  but 
the  introduction  of  these  units  has  been  responsible  for  an  in- 
vestigation into  the  results  of  artificial  illumination  that  has  de- 
monstrated conclusively  its  importance  as  a  factor  in  production. 
Efficient  illumination  is  today  accountable  for  a  marked  increase 
in  the  output  of  industrial  establishments  of  all  kinds. 

In  regard  to  cost,  it  is  an  easy  matter  to  prove  that  the  scientific 
installation  of  any  of  several  high  efficiency  illuminants,  replacing 
a  system  of  lighting  used  before  the  introduction  of  high  efficiency 
lamps  and  illuminating  engineering,  will  more  than  pay  in  increased 
production  all  its  operating  and  maintenance  expenses.  An  in- 
crease in  the  efficiency  of  lamps,  when  this  is  taken  into  con- 
sideration, would  seem  to  be  a  matter  of  secondary  importance. 
Still,  since  so  much  has  been  accomplished  in  raising  efficiency 
in  the  last  few  years,  it  is  but  natural  to  look  forward  to  better 
attainments.  When,  therefore,  any  modification  of  an  existing 
standard  is  introduced,  which  tends  to  raise  the  standard  still 
higher,  or  to  extend  its  field  of  usefullness,  it  must  prove  of  in- 
terest from  a  commercial  as  well  as  from  a  scientific  standpoint. 
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The  article  appearing  in  this  issue  by  Dr.  J.  C.  Pole,  an  ac- 
knowledged authority  on  illumination,  well  merits  the  attention  of 
all  who  are  interested  in  the  development  of  electric  illumination. 
The  quartz  lamp,  while  based  on  the  same  principle  as  the  well 
known  Cooper  Hewitt  mercury  vapor  lamp,  possesses  some  es- 
sential differences,  the  most  pronounced  of  which  is  the  substitu- 
tion of  a  short  tube  of  pure  fused  quartz  or  silica  for  the  fa- 
miliar long  tube  of  lead  glass.  While  the  light  given  off  pos- 
sesses practically  the  same  qualities  as  the  glass  tube  light,  and 
the  impression  on  the  eye  is  similar,  the  higher  operating  temper- 
ature produces  a  continuous  spectrum  in  addition  to  the  discon- 
tinuous spectrum  given  by  the  standard  Cooper  Hewitt  lamp. 
The  light  of  the  quartz  lamp,  therefore,  has  a  larger  proportion 
of  yellow  and  some  orange  rays. 

Since  the  light  giving  element  or  burner  is  theoretically  inde- 
structible, as  neither  the  mercury  nor  the  quartz  is  consumed  in 
the  process  of  operation,  this  lamp  would  seem  to  be  an  improve- 
ment over  any  other  large  unit  in  the  simplicity  of  maintenance. 
Assuming  that  it  is  mechanically  rugged  in  construction,  it  might 
be  said  to  belong  in  the  same  classification  as  the  incandescent 
lamp  so  far  as  trimming  is  concerned.  In  outward  appearance 
the  lamp  resembles  an  arc  lamp  since  the  auxiliary  is  surrounded 
by  a  cylindrical  housing  and  the  quartz  burner  is  enclosed  in  a 
lead  glass  globe. 

The  quartz  lamp  is  a  higher  candle  power  unit  and  is  also  an 
out-door  type  of  lamp.  It  would  seem,  therefore,  that  there  is  a 
very  wide  field  for  it,  especially  for  use  in  large  enclosures,  high 
roofed  industrial  plants,  rolling  mills  and  erecting  shops  and  for 
the  lighting  of  yards  and  docks.  A.  D.  Childs 
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The  article  by  Mr.   Morris  Knowles  in  this  issue 
Hydro-  serves  to  call  attention  again  to  that  fundamental 

blectric  difference  between  power  derived  from  steam  and 
Conservation  j.}^^^.  oV,tained  f^om  hydro-electric  plants  vv-hich  was 
pointed  out  in  an  editorial  in  the  Journal,  in  January,  1910.  In 
brief,  it  was  stated  that  there  is  this  all  important  dift"erence  be- 
tween a  fuel  bed  and  a  water  supply  as  a  source  of  power ;  the 
former,  once  used,  is  lost  for  all  time ;  the  latter,  so  long  as  it 
remains  unused,  is  lost  for  all  time.  The  former  can  wait 
in  statu  quo  indefinitely ;  the  latter  should  be  developed  to  its 
fullest  legitimate  extent  instantcr.  In  other  words  the  principal 
of  conservation  calls  for  immediate  development  of  our  water 
powers  to  their  fullest  extent. 

However,  in  actual  practice,  the  principle  of  conservation  of 
natural  resources  cannot  and  does  not  operate  so  as  to  suspend 
the  law  of  supply  and  demand,  and  so  long  as  power  can  be  pro- 
duced more  cheaply  by  burning  fuel  than  it  can  from  our  streams, 
just  so  long  will  coal  continue  to  be  consumed  for  the  production 
of  power,  and  the  streams  left  undeveloped. 

The  great  barrier,  of  course,  to  the  extended  use  of  our 
streams  as  a  source  of  power  is  the  necessity,  on  the  one  hand, 
for  a  uniform,  continuous  supply  of  power  to  meet  our  modern 
conditions  and,  on  the  other  hand,  the  tremendous  fluctuations  of 
stream  flow  that  may  cause  the  suspension  of  power  supply  due 
to  either  too  much  water  during  flood  season  or  too  little  during 
draught.  Any  steps,  no  matter  what,  which  will  tend  to  eliminate 
these  fluctuations  will  also  make  our  streams  better  power  pro- 
ducers. 

If,  on  account  of  either  high  wa4:er  or  low  water,  it  is  neces- 
sary to  duplicate  a  water  power  with  a  steam  reserve,  it  is  evi- 
dent that  the  water  power  development  is  justified  only  Vv'hen  the 
yearly  fixed  charges  on  the  cost  of  that  water  power  are  less  tb.an 
the  value  of  the  coal  which  would  be  burned  in  the  steam  plant 
if  the  water  power  did  not  exist.  An  analysis  will  show  that  for 
most  cases  of  this  kind,  it  is  not  commercially  practicable  to  put 
into  water  power  an  amount  much  in  excess  of  one  hundred  dol- 
lars per  kilowatt,  and  often  the  amount  may  be  as  low  as  one- 
half  this  figure.  The  exact  amount,  of  course,  depends  largely 
upon  the  load  factor  and  coal  cost,  but  for  public  service  utili- 
ties where   fuel   is  not  unduly  expensive,   the  permissible  cost   of 
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the  water  power  plant  will  come  somewhere  within  this  range, 
it  is  evident,  therefore,  to  thocs  who  are  familiar  with  the  usual 
costs  of  hydraulic  development,  that  for  such  conditions  water 
l)Ower  is  often  an  expensive  luxurv. 

Mr.  Knowles  calls  our  attention  to  the  fact  that  there  arc 
factors  involved  in  the  conservation  of  our  streams  other  than 
power  development.  Navigation,  irrigation  and  most  of  all,  in 
view  of  the  late  devastation  in  Ohio  and  Indiana,  the  prevention 
of  floods,  are  considerations  of  tremendous  weight  when  it  comes 
to  making  a  comprehensive  study  of  our  streams  and  their  de- 
velopment. It  is  a  significant  fact  that  many  of  the  steps  sug- 
gested for  the  improvement  of  our  streams,  in  tlie  interests  of 
irrigation,  navigation  and  flood  prevention,  particularly  the  estab- 
lishment of  reservoirs  at  head-waters,  will  better  the  conditions 
so  far  as  power  supply  is  concerned.  To  put  this  same  propo- 
sition in  another  %vay,  it  is  perfectly  legitimate  to  charge  a  part 
of  the  cost  of  developing  our  streams  for  power  purposes  to  in- 
terests other  than  those  concerned  purely  with  the  (lcvelr)j)ment 
of  power. 

The  conservation  cif  our  fuel  supply  demands  the  develop- 
ment of  the  streams  and  the  law  of  supply  and  demand  acts 
against  such  development  so  long  as  its  total  cost  i  schargcd  to 
power  supply  alone.  It  is  evident  that  the  situation  is  one  which 
requires  close  and  thoughtful  co6perati;)n.  It  behooves  electrical 
engineers,  therefore,  to  take  heed  to  Mr.  Knowles'  plea  for  ihc 
cooperation  of  all  those  interested  in  the  develojjment  of  our 
streams.  P.  M.   F.intoln 


THE  COOPER  HEWITT  QUARTZ  LAMP 

JOSEPH  C:  POLE 

THE  quartz  lamp,  in  the  broadest  meaning  of  the  word,  is  a 
vacuum  arc  lamp,  the  vacuum  container  of  which  is  made 
of  fused  quartz.  At  present,  however,  the  term  is  applied 
only  to  mercury  arc  lamps  operating  at  a  very  high  vapor  tempera- 
turej  in  quartz  tubeS)  although  it  is  possible  that  the  mercury  will 
later  be  superseded  by  some  other  metal  or  an  amalgam  having  a 
greater  efficiency  and  a  better  color  effect. 

A§  generally  known,  the  voltage  consumed  in  an  arc  can  be 
divided  into  two  parts^  each  one  distinguished  from  the  other  in  a 
physical  and  technical  sense;  the  potential  drop  on  the  electrodes 
iand  the  drop  in  the  vapor  column.  Unlike  ordinary  types  of  arc 
lamps,  especially  those  with  carbon  electrodes,  the  energy  consumed 
at  the  electrodes  in  the  mercury  arc  contributes  practically  nothing 
to  the  generation  of  light,  only  that  part  of  the  voltage  taken  up  in 
the  vapor  column  being  directly  used  in  producing  light.  Hence, 
the  efficiency  of  a  mercury  vapor  lamp  depends  largely  on  the  ratio 
of  the  drop  of  potential  in  the  vapor  path  to  the  potential  difference 
across  the  arc  and,  naturally,  the  tendency  of  the  designer  is  to 
make  this  ratio  as  great  as  possible.  As  Dr.  Hewitt*  has  proved 
by  extensive  investigations,  the  drop  of  potential  per  inch  in  the 
luminous  column  of  a  mercury  vapor  lamp  depends  upon  the  vapor 
pressure,  growing  steadily  with  increasing  pressure  or  temperature 
of  the  vapor.  Thus,  with  a  given  supply  voltage  in  a  mercury  vapor 
lamp,  one  has  the  following  alternative  means  of  increasing  the  per- 
centage of  the  voltage  transformed  into  light : — 

a — To  make  the  vapor  pressure,  and  accordingly  the  drop  of 
potential  per  inch  of  luminous  column,  small  and  the  tube  very  long. 

b — To  increase  the  vapor  pressure  radically  and  shorten  the 
luminous  column. 

Each  of  these  two  methods  has  its  advantage.  The  first  one 
forms  the  underlying  principle  of  the  standard  Cooper  Hewitt 
lamp  which,  as  the  tube  is  made  of  common  glass  and  therefore  will 
not  stand  high  temperatures,  is  hardly  ever  run  at  higher  pressure 
than  %  inch  of  mercury  column.  The  very  refractory  quartz  glass, 
however,  which  does  not  soften  below  2  500  degrees  F.,  permits  the 
application  of  temperatures  that  drive  the  vapor  pressure  above 
that  of  the  atmosphere  and  raise  the  drop  of  potential  per  inch  of 


*P.  Cooper  Hewitt,  Electrician.  London,  VqI,  52,  p.  447,  1904 
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the  luminous  column  to  30  and  more  times  the  magnitude  of  the 
standard  Cooper  Hewitt  lamp.  Thus,  the  low  pressure  mercury 
vapor  lamp  and  the  quartz  lamp,  in  spite  of  having  been  built  upon 
the  same  physical  principles,  still  represent  two  almost  diametrically 
opposite  principles  of  modern  illuminating  engineering.  One  pos- 
sesses the  greatest  area  of  primary  luminous  surface  with  a  conse- 
quent small  intrinsic  brilliancy  and  so  low  a  temperature  that  it 
may  be  considered  near  the  ideal  of  scientists'  "cold  light" ;  while 
the  other  has  a  small  radiant  body  giving  a  very  concentrated  light 
and  operates  at  temperatures  probably  exceeding  the  highest  ever 
attained  up  to  a  few  years  ago. 

The  method  of  transforming  the  energy  into  light  is  also  dif- 
ferent in  the  two  types : — 

In  the  standard  Cooper  Hewitt  lamp,  the  light  is  generated  by 
luminescence  of  the  ionized  vapor,  in  a  manner  similar  to  that  ob- 


FIG.    I 

A — Spectrogram  of  standard  Cooper  Hewitt  lamp.  B — Spectrogram  of 
Cooper  Hewitt  quartz  burner.  C — Spectrogram  of  Cooper  Hewitt  quartz 
lamp  with  glass  globe.     D — Spectrogram  of  sunlight. 

tained  by  the  electric  discharge  in  a  vacuum  (Geissler)  tube,  and 
consequently  it  gives  a  discontinuous  spectrum  characteristic  of  the 
chemical  nature  of  the  gas,  being  that  of  mercury. 

With  higher  pressure  to  this  luminescence  is  added  the  radia- 
tion of  mercury  vapor  heated  to  incandescence.  The  latter  emits, 
like  all  incandescent  bodies,  a  continuous  spectrum,  and  it 
is  due  to  this  circumstance  that  the  light  of  the  quartz 
lamp  also  contains,  besides  the  preponderant  yellow,  blue, 
green  and  violet  lines  of  the  mercury  spectrum,  red  and  orange 
rays,  the  latter  being  increased  in  proportion  to  the  increase  in  the 
vapor  temperature.  Bessides  the  visible  rays,  the  wave  length  of 
which  extends  down  to  about  390.10 "mm.  the  mercury  arc  is  very 
rich  in  light  of  shorter  wave  lengths,  the  so-called  ultra-violet  rays. 
In  the  standard  Cooper  Hewitt  lamp  (Sec  Fig.  i  .-i ).  these  rays  are 
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I — ^STARTING     CHARACTERISTICS     OF     A     220 
VOLT  COOPER   HEWITT   QUARTZ   LAMP 


absorbed  by  the  glass  of  the  container.  The  quartz  glass,  how- 
ever, transmits,  according  to  its  thickness,  light  of  180-240.  lO'^'mm. 
(See      Fig.     i      B).      These     ultra-violet      rays     are     chemically 

and  physiologically 
very  actinic  and  are 
under  certain  condi- 
tions injurious  to  th^ 
eye.  The  r  e  f  o  r  e, 
where  quartz  lamps 
are  used  for  general 
illumination,  the  ul- 
tra-violet rays  are 
eliminated  by  sur- 
rounding the  vacuum 
container  by  a  glass 
globe  which,  even 
when  of  perfectly 
clear  glass,  cuts  out 
all  injurious  rays,  as 
shown  by  the  spectrogram  C,  Fig.  i.  The  light  of  a  Cooper 
Hewitt  quartz  lamp  with  globe  contains  even  less  ultra-violet 
rays  than  ordinary  daylight,  which  is  evidently  absolutely  harm- 
less  to   the   eye. 

Often  the  quartz  lamp  is 
used  for  the  sole  purpose  of 
generating  ultra-violet  light ; 
then  of  course,  no  glass  is 
inserted  in  the  path  of  the 
rays  and  the  exposed  object 
is  brought  as  close  as  pos- 
sible to  the  arc,  as  even  the 
air  absorbs  ultra-violet  rays 
to   a   great  extent. 

The  vapor  pressure  that 
determines  the  voltage  be- 
tween the  electrodes  of  a 
quartz  burner  depends  upon  fig.  3— stationary  characteristic  of  a 
the  ratio  of  the  electric  ~'^^  ^'"^^^  cooper  hewitt  quartz  burner 
energy  supplied  to  the  burner  to  the  heat  carried  away  from  the 
electrodes  where  vaporization  takes  place.  As  the  burner  has  a  con- 
siderable heat  capacity  there  is  a  lag  between  the  electric  current 
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and  tlie  burner  voltage.  W'lien  a  cold  (iu:irtz  burner  is  started,  the 
vapor  pressure  is  at  first  very  low,  which  fact  may  be  easily  per- 
ceived by  the  appearance  of  the  liijjht.  The  luminous  vapor  tills 
the  entire  cross-section  of  the  tube  and  is  of  the  pale  blueish-grecn 
color  that  is  characteristic  of  the  low  pressure  Cooper  Hewitt  lamp. 
The  drop  of  potential  across  the  cold  burner  of  the  220  volt  hnii]). 
described  below,  is,  for  instance,  al)0ut  25  volts,  compared  with  a 
voltage  of  165  in  the  lami)  under  normal  operating  conditions. 
The  current  during  the  starting  period  is  limited  only  by  the  series 
resistance.  Subsequently,  due  to  the  electric  energy  supplied,  the 
vapor  pressure  and  the  burner  voltage  increase  and  the  current  de- 
creases until  it  reaches  the  stationary  value.  This  jjrocess,  illus- 
trated by  the  "starting  characteristic",  Fig.  2,  is  accompanied  by  the 
concentration  of  the  light  in  the  center  of  the  tube  in  a  thin  dazzling 


FIG.  4.    (rt)  FIG.  4    {b) 

FIG.    4 — a — 220   VOLTS.   ^.^    AMPERE     QU.^RTZ     BIRNER.        b — 550     VOLT. 
2  AMPKRF.  QLAKTZ   nUKN'F.R 

path,   assuming  a   whiter  color   with    the   visible   gain   of   red   and 
orange  rays. 

The  lag  between  a  variation  in  suj^ply  of  energy  to  the  burner 
and  the  change  of  the  vajjor  pressure  has  the  conse(|Ucnce  that,  with 
a  sudden  change  of  the  supply  voltage,  the  entire  voltage  difference 
is  at  the  first  instant  consumed  /'v  the  series  resistance  and  finally 
by  the  burner.  This  very  simi)le  phenomenon,  although  smuiding 
somewhat  strange,  can  easily  be  understood  from  the  "stationary 
characteristic"  (volt-ampere  curve  under  stationary  conditions)  of 
the  quartz  lamp.  I'ig.  3.  .\s  the  characteristic  at  higher  vapor 
pressures  is  a  very  steep  and  almost  straight  line,  a  change  of  from 
10  to  15  percent  of  the  burner  voltage  has  hardly  any  effect  upon 
thb  current.  The  latter  is  practically  constant,  unless  the  cooling 
condition  is  changed,  as,  for  instance,  if  the  lamp  should  be  better 
ventilated,     .^t  the  instant  of  a  sudden  rise  of  the  line  v.^lt  .^o    the 
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burner  voltage  does  not  respond  at  all,  as  the  vapor  pressure,  on  ac- 
count of  the  heat  capacity  of  the  vacuum  container,  remains  un- 
changed for  a  short  time.  Hence,  the  entire  excess  of  the  supply 
voltage  is,  at  the  first  instant,  taken  up  by  the  series  resistance 
and  results  in  a  sudden  increase  of  the  current.  Gradually,  due 
to  the  increased  energy  input,  the  burner  gets  hotter,  the  burner 
voltage  increases  and  the  excessive  current  drops  until,  finally,  the 
current  settles  to  practically  the  same  value  it  had  before.  The 
final  efifect  of  the  change  of  the  supply  voltage  is  then  merely  an 


FIG.     5 — DIAGRAM    OF    THE     IIO 
VOLT      3.8      AMPERE      COOPER 
HEWITT    QUARTZ    LAMP 


FIG.  6 — AUXILIARY  OF  THE  IIO 
VELT,  3.8  AMPERE  COOPER  HEWITT 
OUARTZ    LAMP 


increased  burner  voltage.     An    analogous,    but    opposite,    change 
takes  place  with  a  sudden  decrease  of  the  line  voltage. 

A  series  resistance  is,  therefore,  always  necessary  with  quartz 
lamps,  not  only  for  limiting  the  current  at  the  starting  or  with 
a  fluctuating  line  voltage,  but  also  for  regulating  properly  the 
burner  voltage  (vapor  pressure)  and  making  the  lamp  adaptable 
to  a  wider  range  of  supply  voltages.  A  series  inductance,  for 
steadying  the  arc,  is  usually  added,  although  with  the  high  pressure 
mercury  arc  it  is  not  absolutely  necessary.  In  the  commercial  lamp,  a 
glass  globe  is  provided  to  prevent  too  quick  a  dissipation  of  heat 
from  the  burner  and  to  absorb  the  ultra-violet  rays.     If  the  lamp 
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is  to  be  automatic,  as  generally  required  by  commercial  condi- 
tions, a  starting  device,  usually  consisting  of  an  electro-magnet 
coupled  with  the  movable  burner,  is  added. 

The  Cooper  Hewitt  quartz  lamps  put  on  the  market  up  to  the 

present  time  are  for  multiple  con- 
nection on  direct-current  lines.  They 
may  be  operated,  however,  from  al- 
ternating-current lines  through  the 
medium  of  the  Cooper  Hewitt  recti- 
fier. Vacuum  containers  for  a  di- 
rect-current Cooper  Hewitt  quartz 
lamp,  are  shown  in  Fig.  4.  The  es- 
sential  part   is   the   luminous   tube    T 


FIG.  7 — I)IAc;ka.\i  of  the  220 
VOLT,  3.2  AMPERE  COOPEK 
HEWITT    QUARTZ    LAMP 

terminating  in  two  enlargements 
P,  N ;  mercury  contained  in  either 
enlargement  forms  the  tWD  elec- 
trodes which  receive  the  current 
through  small  seals  S  ^,  P^.  The 
joint  of  the  luminous  tul)e  tf) 
either  electrode  chamber  is  con- 
tracted to  prevent  flickering  of 
the  arc  and  to  regulate  properly 
the  mercury  level.  The  vacuum 
container  is  fastened  to  a  re- 
flector-holder of  white  enameled 
sheet  iron  by  means  of  thin  mct:il 
strai)s. 

The  arc  is  started  by  momentary  coniaci  uciwctii  the  two 
electrodes.  For  this  purpose  the  burner  holder  is  pivoted  and  tilted 
in  starting.     The  automatic  starting  device  mav  he  arranged  so  that 


HG.      8 — FL'ME-PROOF      COOPER 
HKWITT    QI•^RT7     I  AMP 
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when  current  is  not  flowing,  the  burner  rests  in  an  inclined  position 
with  its  two  electrodes  short-circuited  and,  to  form  an  arc,  is  lifted 
to  its  normal  running  position  with  the  two  electrodes  separated. 

With    another    system    the    position    of 
:    rest    of    the    burner    is    identical    with 
'    its     running    position    and,     for    start- 
ing,    the     electrodes     are     brought     to- 
gether  for   an   instant   and   then   separ- 
ated.   The  first  method,  preferable  with 
I    short  burners,   is  used   in   the    no  volt 
i    lamp  described  below,  while  the  second 
j    IS    employed    on    the  220  and  550  volt 
'    Cooper   Hewitt   quartz   lamps. 

A   Cooper  Hewitt   quartz   lamp   de- 
signed   for    connection    in    multiple    on 
no  volt  direct-current  circuits  is  shown 
in     Figs.     5  and     6.      b    is    the    quartz 
burner   similar   to   that   in   Fig.   40,   ex- 
i    cept  that  the  luminous  part  is   shorter. 
I  j    The  burner  holder  is  pivoted  in  a  sup- 
'  ]    port  c  and  by  a  bracket  hooked  on  the 
{    tilting  lever  I, 


J 


FIG.    9—550    VOLT,    2 
COOPER        HEWITT 
LAMP 


AMPERE 
QUARTZ 


which     agam 

is    linked    to 

the    movable 

iron  armature 
of  an  electro-magnet  m.  In  order  to  avoid 
sudden  shocks  to  the  movable  parts,  a 
dashpot  d  is  connected  with  the  arma- 
ture. A  small  movable  permanent  mag^ 
net  p  is  suspended  above  the  armature; 
it  locks  automatically  the  tilting  device 
if  the  polarity  at  the  lamp  terminals  is 
reversed  and  so  protects  the  burner. 
Two  resistance  coils  r^,  r.,,  one  of  them 
being  equipped  with  a  fuse  /  and  a 
sliding  contact  for  regulation,  complete 
the  auxiliary  apparatus.  The  ventilated 
canopy,  the  insulated  hanger  and  a  ring  holding  the  glass  globe  are 
similar  to  those  used  with  some  ordinary  types  of  arc  lamps. 


FIG.      10 AUXILIARY     OF     THE 

550   VOLT,   2   AMPERE   COOPER 
HEWITT    QUARTZ    LAMP 
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The  burner,  magnet  and  resistance  coils  all  are  connected  in 
series,  and  the  burner,  in  its  position  of  rest,  is  inclined,  so  that  the 
two  mercury  electrodes  arc  in  contact.  When  the  line  switch  is 
closed  the  short-circuit  current  magnetizes  the  solenoid  in,  the  mov- 
.able  armature,  and  with  it  the  burner,  are  turned  until  the  contact 
between  the  electrodes  breaks  and  the  arc  starts.  As  long  as  the 
current  flows  through  tlie  lamp  the  burner  is  held  in  its  running 
position  by  the  electro-magnet.  The  fuse  wire  /  will  withstand 
the  liea\y  current  during  the  starting  period  of  the  lamp,  but  will, 
in  about  (jue  minute  be  fused  by  the  additional  heat  generated  in 
the  resistance  spool  r^,  if,  for  any  reason,  the  mechanism  sticks 
and  the  burner  continues  to  receive  current. 

A  lamp  for  multiple  connection  to  220  volt  direct-current  cir- 
cuits, with  the  burner  and  the  general  appearance  very  similar  to 
the  om  described  above  is  shown  diagramatically  in  Fig.  7.  Here 
an  extra  tilting  mechanism  is  used  for  striking  the  arc.  For 
starting,  the  two  electrodes  are  brought  in  contact  by  the  movable 
armature  of  a  shunt  magnet  M^.  At  the  moment  of  the  moment 
of  the  short-circuit  'hetween  the  electrodes,  the  series  inductance 
coil  ;;/  o])erating  an  automatic  cutout,  is  energized,  and  interrupts 
the  circuit  of  the  shunt  magnet  so  that  the  burner  is  lighted  and 
drops  back  Id  its  original  position.  Two  pairs  of  series  resist- 
ance coils,  r,,  r.,,  ;-..,  r^,  ef|uippc(l  with  sliding  contacts,  complete 
the  mechanism. 

For  locations  subjected  to  corrosive  fumes,  the  auxiliary  af^- 
naratus  is  divided  into  a  part  containing  the  shunt  magnet  and  an 
automatic  cutout  for  striking  the  arc.  and  an  auxiliary  compiising 
the  resistance  and  inductance  coils.  Fig.  8.  The  joints  in  the  hous- 
ing holding  the  movable  i)arts  are  reinforced  by  asbestos  packings. 

The  Cooper  Hewitt  (juartz  lamp  for  multi])le  connection  on 
550  volts  direct-current  circuits,  as  shown  in  I'igs.  9  and  10,  is 
very  similar  in  principle  to  the  220  volt  lani]).  although  entirely 
different  in  construction.  The  starting  mechanism  consists  also  of 
a  shunt  magnet  M^  and  an  automatic  cutout,  but  on  account  of 
the  high  voltage  an  extra  resistance  A',  is  used  for  the  starting 
circuit  and,  as  500  volt  lines  usually  have  a  very  fluctuating  volt- 
age, a  second  inductance  is  added.  The  extra  series  resistance  re- 
(|uired  is  formed  of  6  spools  and  is  mounted  on  top  in  the  auxiliary. 
The   remarkable  abundance  of  ultra-violet   light  in  the  Cooper 
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Hewitt  quartz  lamp  naturally  suggests  its  use  for  medical  and  in- 
dustrial purposes.  Among  the  latter,  for  instance,  are  the  steriliza- 
tion of  water,  acceleration  of  chemical 
processes,  bleaching,  etc.,  where  be- 
fore, less  efficient  and  much  more  in- 
tricate devices  for  generation  of  ultra- 
violet rays  have  been  used.  For  these 
purposes  a  simple  and  convenient 
stand.  Fig.  11,  has  been  developed, 
comprising  a  large  reflector  holder  for 
the  quartz  burner  and  an  auxiliary 
with  series  resistance-inductance.  The 
quartz  burner,  either  of  the  above  de- 
scribed no  volt  or  220  volt  type,  but 
without  attached  reflector,  is  suspend- 
ed below  the  reflector  holder.  The 
arc  is  started  by  tilting  the  burner  by 
means  of  a  handle  protruding  from 
the  holder.  The  stand  is  mounted  on 
rollers,  is  adjustable  and  permits  the 
location  of  the  burner  directly  and 
closely  above  the  exposed  object.  The 
reflector  holder  covers  the  entire  burn- 
er to  prevent  the  light  from  escaping  sideways,  hut  has  hinged 
cover  permitting  easy  access  to  the  burner.  In  conclusion  some 
technical  data  is  presented  on  the  above  described  types. 
TECHNICAL  DATA  ON  QUARTZ  LAMPS 


FIG.    I  I — LABORATORY    STAND    FOR 
COOPER    HEWITT    QUARTZ    LAMP 


Cooper-Hewitt     Quartz 
Lamp  Type 

Y 

Z 

X 

Nominal  supply  voltage. 

no 

220 

550 

Full   range  of   supply 
voltage. 

100-125 

200-250 

450-625 

Average  current. 

3.8 

3.3 

2.0 

Maximum    burner    volt- 
age. 

90 

170 

345 

Candle-power    mean 
hemispherical        with 
clear  glass  globe. 

I  000 

2400 

1 
3500 

Commercial        efficiency, 
watts  per  mean  hemis- 
pherical    candle     at 
nominal     line    voltage. 

0.42 

0.30 

1 

1 

0.31 

HYDRO-ELECTRIC  DEVELOPMENT  AND  WATER 

CONSERVATION 

MORRIS  KNOWLES 
Consulting  Engineer,  Pittsburgh,  P». 

THE  professional  interests  of  electrical  and  hydraulic  engi- 
neers are  not  far  apart.  The  former  have  the  good  for- 
tune to  be  living  and  working  in  the  Electrical  Age — an 
age  in  which  every  day  sees  some  new  and  amazing  service  sup- 
plied by  this  invisible  power. 

THE    ELECTKIC.VL    AGE 

Over  two  billion  dollars  was  spent  during  the  past  year  in 
the  United  States  for  electrical  apparatus,  conveniences  and  trans- 
mission service ;  that  is  over  twenty  dollars  for  every  man,  woman 
and  child.  How  thoroughly  our  very  existence  is  linked  with 
electric  power  is  clear  at  once  if  we  think  of  what  a  part  the 
street  car,  electric  light,  telephone  and  telegraph  play  in  our  daily 
acts.  Electrification  of  railroads  has  grown  apace,  promising 
great  things  for  the  future ;  already  it  has  made  possible  achieve- 
ments undreamed  of  a  few  years  ago.  The  tubes  under  the  rivers 
bounding  Manhattan  Island  and  the  great  Pennsylvania  station  at 
New  York  City  could  not  be,  without  electricity.  That  magnificent 
achievement  of  the  Grand  Central  Terminal,  the  lowering  of  the 
tracks  and  the  reclamation  for  stores,  oftices,  etc.,  of  twenty  city 
blocks  over  the  railroad  yards  in  the  very  heart  of  New  York  City, 
all  this  would  be  inconceivable  without  the  substitution  of  the 
clean,  silent,  motor   for  the  smoking,  steaming,   noisy  locomotive. 

The  strongest  appeal  to  the  imagination,  however,  is  made  by 
the  commercial  success  of  electrical  fixation  of  nitrogen  from  the  air. 
This  and  the  recent  production  of  calcium  cyanamide  are  most 
important  contributions  to  agriculture  and  the  fertilizer  industry. 
That  the  gloomy  prognostications  of  those  who  have  threatened 
us  with  starvation,  because  of  the  predicted  failure  of  the  Chilean 
nitrate  beds,  should  be  overthrown  by  the  use  of  our  cheapest  and 
most  plentiful  natural  resource — air — this  is  indeed  a  modern  mira- 
cle. Electrolytic  chlorine  and  hypo-chlorites  are  successfully  solving 
important  problems,  viz. — cheap  and  efficient  disinfection  of  sewage 
and  polluted  waters,  and  to  the  same  problem  we  may  yet  have 
occasion  to  apply  electrically  produced  ozone  and  ultra-violet  light. 

Engineers,   metallurgists,   chemists,    physicists — all    arc    devot- 


♦Revised  for  the  Journal  by  the  author  from  an  address  I>rfore  the 
PittshurRh  mcctiiiK,  .American  Institute  of  Electrical  Engineers.  February 
8,  I9I3. 
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ing  their  energies  to  finding  new  and  important  fields  for  electrical 
applications.  But  one  other  factor  has  similarly  advanced  in  im- 
portance and  that  has  been  the  increased  cost  of  fuel  with  the  grad- 
ual exhaustion  of  our  coal,  oil  and  gas  deposits,  and  threatened 
limiting  of  electrical  growth  because  of  the  increased  cost  of 
power.  Of  the  seriousness  of  the  decreased  fuel  supply,  if  elec- 
tric power  were  to  l)e  entirely  dependent  upon  steam  generation, 
there  can  be  no  doubt;  although  there  may  be  differences  of  opin- 
ion as  to  how  long  these  fuel  resources  will  last.  Conserve  them 
as  we  will  they  are  absolutely  limited  in  quantity.  They  must  at 
last  be  exhausted  and  the  use  first  of  those  which  are  easiest 
to  obtain  and  cheapest  to  exploit  must  result  in  increased  cost 
as  more  expensive  deposits  must  be  worked.  On  the  other  hand, 
any  method  of  power  development  that  is  not  dependent  upon  a 
decreasing  natural   resource  will  become   accordingly   valuable. 

THE    HYDRO-ELECTRIC    AGE 

This  is  where  the  interest  of  the  hydraulic  engineer  is  at  once 
aroused  and  the  progress  that  has  been  made  in  hydro-electric  de- 
velopment and  power  transmission  is  therefore  of  the  very  greatest 
importance ;  perhaps  in  some  ways  more  so  than  the  more  spec- 
tacular advances  in  the  diversified  application  of  electricity  itself. 
As  it  has  been  said  that  we  are  now  living  in  the  Electric  Age 
and  as  this  recjuires  cheap  power  to  maintain  its  growth,  it  is 
equally  true  that  we  are  entering  upon  and  have  arrived  at  an 
Hydro-electric  Age.  Here  is  a  method  of  power  development  as 
eternal  as  the  sun  itself;  throughout  all  the  years  to  come  water 
will  be  raised  by  solar  energy,  precipitated  upon  the  land,  to  de- 
scend again  into  the  ocean ;  moreover,  it  lies  within  our  power  to 
make  the  flowing  supply  uniform  and  dependable. 

As  high  voltage  transmission  and  other  developments  make 
possible  delivery  of  this  power  exactly  where  it  is  needed,  a  new 
elasticity  is  given  to  industrial  development  by  allowing  manufac- 
turers to  move  nearer  to  markets  or  to  raw  materials.  The  pos- 
sibility of  using  hydro-electric  power  for  mining  coal  at  less  cost 
than  by  steam  power  is  strikingly  illustrated  by  the  development 
now  being  carried  out  on  New  River,  West  Virginia,  which  will 
sell  about  half  its  output  to  coal  companies  for  operating  mine 
machinery.  The  Cheat  River  hydro-electric  development,  right  in 
the  heart  of  the  Connellsville  region,  will  compete  with  local  coal 
in  supplying  power  for  lighting,  traction,  and  industry  in  the  sur- 
rounding towns  and  even  to  nearby  coal  mines. 
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wiixr   UK   iiavp: 

Seventy  million  million  cubic  feet  of  water  annually  is  run- 
ning off  to  ilic  sea  from  the  surface  of  this  country,  enough  to  gen- 
erate two  hundred  and  fifty  thousand  horse-power  throughout  the 
vear  for  every  foot  of  fall  between  the  place  of  precipitation  and 
the  ocean.  X'arious  estimates  have  stated  that  the  commercial,  de- 
velopable power  is  about  37000000  horse-power,  while  the  ulti- 
mate capacity  of  our  streams  is  about  230000000  horse-power. 
In  our  state  of  Tennsylvania,  we  are  now  developing  3ooo(j<i 
horse-  power  by  water,  while  the  potential  energy  of  the  falling 
water  is  over  ten  times  this  amount.  As  Prof.  P.  M.  Lincoln  has 
stated  with  regard  to  de])endence  upon  this  form  of  power: — 

"The  first  re([uisite  is  continuity  of  service.  This  means  con- 
stant supply  of  water.  If  a  sup])lemental  steam  plant  is  neces- 
sary to  supply  the  j)ower  demand  during  low  water,  it  is  hardly 
ever  a  good  investment  to  pay  the  h.xed  charges  ui)on  the  cost  of 
both  water  and  steam  plants,  in  order  to  save  the  use  of  coal  for 
a  portion  of  the  year  only.  The  solution  is  storage  at  head  waters, 
which  will  not  only  pre\ent  floods,  but  will  also  make  for  a  con- 
stant  -upply  of  water   for  power  i)urposes." 

WHAT    WK     .\KI':    DOINC, 

It  is  worth  while  to  look  at  the  subject  in  a  l)roader  way 
rather  than  considering  power  potentialities  alone.  The  mind  is 
astounded  by  the  possibilities  of  power,  irrigation,  water  supply 
and  waste  disjjosal  which  the  seventy  milli<Mi  million  cubic  feet  of 
water  re])resent.  (  )nly  about  one-seventh  of  one  percent  is  used 
for  domestic,  industrial  and  public  water  suj)ply.  and  yet  we  have 
scarcely  a  large  city  in  the  coutUry  that  can  secure  its  share  of 
water  ni  such  condition  that  e.xiiensive  purification  is  umiecessary. 
About  two  i)ercent  is  u.sed  for  irrigation,  and  perha|)s  five  i)ercent 
is  j)artially  used  for  navigation.  .About  Ooooocxj  horse-power  is 
generated  from  .some  five  percent  of  the  water.  We  are  wasting 
about  I  500000  horse-power  at  the  government  navigation  dam- 
alone.  I'^inally.  about  90  percent  of  the  water  Hows  away,  not 
only  without  being  used,  but  <loing  enornic^us  damage  by  floods. 

Our  veiw  has  been  too  narrow.  These  navigation  dams  arc 
a  case  in  point.  Hundreds  of  millions  of  dollars  have  been  spent 
in  canalization  of  rivers  and  yet  with  few  exceptions,  no  attempt 
has  been  made  to  correlate  this  ex|)enditure  with  the  conservation 
of  all  the  usefulness  in  the  water,  llinging  to  a  narrow  ititcr- 
pretation  of  the  Constitution  and  maintaining  that  the  government 
could  properly  expend  monev  on  rivers  for  navigation  only,  scores 
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of  low  dams  have  been  built  on  navigable  rivers,  when  fewer  high 
ones  would  have  served  navigation  just  as  well  and  have  made 
possible  the  development  of  industry  and  the  conservation  of  fuel 
supply,  by  creating  hydro-electric  power. 

The  Deep  Waterways  Board,  which  investigated  the  Great 
Lakes  Atlantic  Ocean  Waterway,  in  1900, — found  that  high  lifts 
would  save  in  cost  and  in  time  between  terminals ;  with  slight  less- 
ening of  annual  traffic  capacity  which  is  not  of  importance,  con- 
sidering the  insufficient  development  of  commerce. 

Signs  of  improvement,  however,  are  visible.  The  possibilities 
of  arriving  at  cooperative  agreements  under  which  the  same  dam 
can  be  used  for  more  than  one  purpose  is  important.  Thus,  on 
the  Warrior  River  in  Alabama,  a  dam  and  flight  of  locks  63  feet 
high  has  been  authorized  to  take  the  place  of  five  low  dams  and 
locks,  in  order  to  permit  power  development,  and  incidentally  to 
efifect  a  total  saving  of  almost  a  million  dollars.  At  Hales  Bar 
on  the  Tennessee  River,  on  the  Coosa  River  in  Alabama  and  at 
Keokuk  on  the  Mississippi,  private  companies  have  been  author- 
ized and  are  constructing  locks  and  dams  for  l^oth  navigation  and 
power.  On  the  Mississippi  River,  between  Minneapolis  and  St. 
Paul,  the  government  is  now  building  a  lock  and  dam  of  30  feet 
lift,  at  which  power  will  be  developed. 

In  other  governmental  departments  the  same  tendency  is 
shown,  as  in  the  Reclamation  Service,  where  power  is  generated 
at  a  number  of  irrigation  dams,  and  at  the  Panama  Canal,  where 
a  water  power  plant  is  to  be  supplied  from  Gatun  Lake.  There 
even  appears  some  hope  of  getting  away  from  the  idea  that  the 
government  can  improve  rivers  for  navigation  only,  as  is  striking- 
ly indicated  by  President  Taft's  advocation  of  the  control  of  the 
Mississippi  River  floods  under  the  general  welfare  clause  of  the 
Constitution.*  In  an  address  before  the  National  Rivers  and 
Harbors  Congress,  December  4,  1912,  the  President  declared 
flatly  that:— 

"The  hanging  of  the  expenditure  of  forty  or  fifty  millions 
that  is  needed  to  make  the  Mississippi  River  safe,  on  the  resulting 
benefit  to  navigation  was  a  pretense,"  and  added : — 

"Under    the    Constitution    we    can    expend    money    from    the 


*The  same  thought  is  evident  in  the  resolutions  passed  at  the  National 
Drainage  Congress,  St.  Louis,  April   12,  1913,  viz. : 

Wherkas,  in  view  of  the  appalling  and  ever  recurring  disasters  caused 
by  floods,  which  have  destroyed  life  and  property  tliroughout  the  United 
States,  and  which  is  emphasized  by  the  recent  and  widespread  calamity 
brought  upon  our  citizens  by  tlie  floods  wihich  have  devastated^Ohio,  Indiana. 
Illinois  and  adjoining  States,  and  which   devastating  floods  are  now  moving 
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Treasury  of  the  United  States  for  the  general  welfare,  and  that 
would  seem  to  include  the  avoidance  of  danger,  if  it  affects  so 
large  a  part  of  the  country  that  il  may  be  said  to  affect  the  whole 
country,  and  if  its  avoidance  in\olves  such  large  exi>nditures  that 
we  cannot  possibly  look  to  the  State  to  meet  the  retiuirement." 

WHAT    WE    NEED     • 

All  these  are  partial  measures  only.  What  is  needed  is  some- 
thing more  comprehensive.  Such  a  great  national  matter  can  be 
solved  in  a  great  national  way  only,  and  with  the  realization  that 
we  have  a  welfare  clause  in  the  Constitution  as  well  as  a  com- 
merce clause.  We  must  have  first  com{)lete  knowledge,  gained 
by  comprehensive  study  on  such  a  scale  that  the  information  neces- 
sary to  judge  as  to  the  best  utilization  of  all  the  water  resources 
throughout  the  land  can  be  obtained,  treating  each  system  as  a 
unit  from  the  source  to  the  mouth. 

Finally,  methods  must  be  devised  to  carry  out  this  policy ; 
some  works  may  be  constructed  by  states  and  some,  if  we  have 
a  more  comprehensi\e  idea  of  national  expenditure,  by  the  United 
States  Government.  But  so  long  as  we  continue  in  the  belief  that 
the  social  and  economical  structure  of  society  and  the  interests  of 
the  public  are  best  promoted  by  encouragement  and  stimulation 
of  private  initiative — development  by  intelligent  self-interest — and 
so  long  as  our  state  and  national  governments  lag  behind  the  needs 
of   the   people   in   expenditures    for   these   purposes,   so   long   nmst 


soutlnvard  tlirou.^hout  tlie  Mississippi  \'ailcy.  tlireatcnnn  destruction  to  lifo 
and  i)ropcrty  all  tic  way  to  the  Gulf  of  Mexico,  and 

WiiKRKAS.  we  Itclieve  it  to  he  an  equally  proper  function  of  the  govern- 
ment of  the  United  Stales,  under  the  VVelfare  Clause  of  tlie  Constitution,  to 
take  adequate  measures  to  control  the  water  resources  of  our  country,  so  as 
to  protect  the  life,  health  and  property  of  our  citi^rcns  from  the  controllable 
forces  of  nature,  as  it  is  to  protect  our  citizens  from  the  attack  of  a  for- 
eign force;  now,  therefore,  be  it 

Resolved,  by  the  National  Drainage  Congre.ss,  in  which  thirty-nine  St.iu 
are  represented  in  convention  assembled,  that  we  respectfully  petition  the 
immediate  consideration  of  adetiuatc  provisions  for  flood  control  for  the  reg- 
ulation and  control  of  stream  flow,  and  for  the  reclamation  of  swamp  and 
overflow  lands  and  arid  lands,  and  in  furtherance  thereof  we  pray  that  in 
your  wisdom  you  create  a  body  which  will  put  in  cfTect  at  the  earliest  mo- 
ment possil)le  such  plans,  in  conjunction  with  the  several  States  and  other 
agencies,  as  will  meet  tiie  needs  of  the  several  localities  of  the  I  ". 

and  we  believe  the  most  etTectual  and  direct  mans  will  be  the  ■  it 

oi  a  Department  of  Public  Works  with  a  secretary  in  cliargc  fhereot.  wh.. 
shall  be  a  member  of  the   President's  cabinet.     Be  it   further 

Resolved,  that   tlie   wide   scope  of  tlie   problem  of  fl.iod   water  control, 
affecting  practically  all  the  States  of  the  I'nion.  can  Iiost  be  onduct' 
the  immed'ate  supervision  of  the  President  of  the  I'nited  States  in 
cises  of  such  authority  as  is  conferred  up.-n  him  by   the  Congrci^s  of  tiie 
United  States. 
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we  offer  opportunities  to  private  capital  to  make  moderate  profits 
under  governmental  regulation,  by  investing  in  the  dvelopment  of 
projects  consistent  with  this  policy.  Secretary  Fisher  of  the  In- 
terior Department  strongly  commended  this  policy  in  his  Annual 
Report  to  the  President,  December  3,  1912,  in  which  he  said: — 

"So  far  as  the  government  itself  does  not  undertake  the  de- 
velopment of  water  power,  it  is  necessary  and  desirable  that  we 
shall  offer  to  those  private  interests  which  do  undertake  its  devel- 
opment a  sufficient  opportunity  for  profit  and  a  sufficient  protec- 
tion of  their  investment  to  secure  the  largest  measure  of  develop- 
ment for  which  there  is  a  present  market,  or  for  which  a  market 
can  be  profitably  be  developed." 

WHAT  THE  ELECTRICAL  ENGINEER   CAN   DO 

What  can  the  electrical  engineer,  or  any  member  of  the  whole 
broad  engineering  profession,  do  to  promote  these  principles?  He 
can  serve  his  own  interest,  that  of  his  clients,  be  they  private  or 
governmental,  and  that  of  the  country  by  insisting  on  the  conser- 
vation of  all  the  utility  in  water,  under  a  comprehensive  plan  and 
can  protest  against  the  continuance  of  a  wasteful,  log-rolling,  pork- 
barrel,  petty  larceny  national  policy  cf  river  improvement  appro- 
l)riations.  He  can  see  to  it  that  the  development  of  his  own  field 
shall  be  upon  broad  lines,  and  that  power  developments  are  not 
carried  on  without  due  regard  for  all  the  benefits  that  may  ac- 
crue from  complete  stream  utilization.  If  connected  with  a  pri- 
vate company,  he  can  favor  a  proper  attitude  on  the  part  of  his 
company  toward  the  public,  recognizing  the  latter's  share  in  all 
public  service  business,  and  insisting  upon  publicity  and  support 
of  sane  regulation,  to  the  end  that  State  socialism  may  not  replace 
the  policy  of  development  by  intelligent  self-interest.  He  may 
thus  use  his  influence  to  cause  the  company  to  make  of  future 
necessity  a  present  virtue.  He  can  favor  a  progressive  construc- 
tive policy,  by  giving  his  support  as  a  citizen  to  the  development 
of  sound  legislation  by  his  State  and  the  Nation,  claiming  weight 
for  his  opinion  because  of  his  peculiar  technical  training  and 
knowledge.  Finally,  he  can  stand  as  a  scientific,  reasonable  man 
between  the  professional  demagague,  on  the  one  hand,  and  the 
capitalists  honestly  seeking  investment,  on  the  other ;  or  between 
the  unscrupulous  corporation  and  the  less  well-informed  public ; 
so  as  to  lend  his  influence  to  the  determination  of  the  truth  and 
the  working  out  of  the  problem  on  a  basis  of  fairness,  equity  and 
progress. 


ELECTRICAL  CONTACT  RESISTANCE 

F.  W.  HARRIS. 
Consulting  Electrical  Engii  eer.  Los  Angelfs,  Callfc.rri?. 

Wl  I  RN  an  electric  current  is  passed  between  two  pieces  of 
matter  there  is  a  loss  of  energy  at  the  point  of  contact 
and  a  certain  droip  in  potential  results,  which  may  be 
measured  by  a  nnllivoltmeter.  The  voltage  drop  across  such  con- 
tacts, or  indeed  through  the  whole  structure  of  the  apparatus  con- 
sidered, is  a  common  measure  of  the  efficiency  of  the  apparatus,  the 
drop  being  ordinarily  taken  at  the  full-load  current  of  the  appa- 
ratus. 1\)  secure  a  more  complete  understanding  of  the  subject 
the  writer  has  at  various  times  examined  the  effect  on  this  po- 
tential drop,  of  current,  pressure,  materials  composing  the  contacts, 
surface  conditions  of  the  contacts  and  area  of  the  contacts.  The 
effect  of  these  factors  is  generally  and  correctly  understood  in  a 
very  general  way,  with  the  exception  of  the  last  one.  That  is,  it 
is  generally  understood  that  the  voltage  drop  across  contacts  can 
be  reduced  by  decreasnig  the  current,  increasing  the  pressure  be- 
tween them,  using  a  material  of  lower  resistance,  cleaning  the  sur- 
faces, or  increasing  the  area  of  the  contacts  themselves. 

There  can  be  no  more  fundamental  and  universally  involved 
set  of  facts  than  those  that  surround  the  i)henomena  of  the  trans- 
ference of  current  from  one  body  to  another.  It  is  necessary  in 
all  ai)paratus  to  make  such  transference,  and  in  the  design  of  such 
api)aratus  to  allow  for  the  losses  that  always  accompany  such  trans- 
ference. Certain  emj^irical  formulae  have  been  developed  in  the 
various  branches  of  the  profession  for  the  valuation  of  these  losses. 
They  have  a  variable  importance  in  different  classes  of  apparatus, 
being  of  very  little  value  in  some  and  in  others  of  very  great  value. 
In  the  design  of  switches,  circuit  l)rcakcrs  and  the  like  this  factor 
becomes  of  the  greatest  im])ortance. 

Ciinriit  -It  is  generally  understood  that  if  in  an  electric  cir- 
cuit the  current  increases  directly  as  the  voltage,  it  may  be  as- 
sumed that  we  iiave  t;)  deal  with  a  resistance,  and  it  is  also  connnon- 
ly  assumed  that  this  is  true  of  contact  resistances.  If  all  the  other 
variables  are  eliminated,  it  will  be  found  that  the  voltage  drop  de- 
creases directly  as  the  current  is  decreased  and  vice  versa.  I  he 
writer  has  been  at  some  pains  to  investigate  this  jioint  at  va- 
rious times,  and  has  satisfied  himself  that  the  following  may  be 
expressed  as  the  fir^t  law  of  contacts: — 
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I — All  other  condiiions  being  constant,  the  voltage  across  a 
contact  joint  ivill  increase  directly  with  the  current;  or,  the  joint 
between  tivo  materials  behaves  exactly  like  a  resistance. 

Pressure — It  is  generally  appreciated  that  it  is  very  desirable 
to  hold  the  contacts  in  as  firm  engagement  as  possible  for  the  pur- 
pose of  reducing  the  apparent  resistance  between  them.  At  very 
low  pressures  the  effect  of  dirt  and  oxide  has  an  undue  influence, 
and  at  very  high  pressures  the  contacts  themselves  have  a  tendency 
to  distort  and  alter  the  conditions  of  contact.  Many  tests  have  been 
incorrectly  interpreted,  due  to  errors  from  these  sources.  The 
writer  has  investigated  this  condition  with  direct  currents  as  high 
as  I2  000  amperes,  and  pressures  as  high  as  8000  pounds,  and  has 

always  found  erratic  results  at 
both  high  and  low  pressures, 
due  to  the  causes  mentioned. 
The  most  satisfactory  device 
fnr  investigating  the  influence 
of  pressure  on  the  voltage  drop 
across  contacts  was  the  air 
pressure  device  shown  in  Fig. 
I.  This  consisted  of  a  pair  of 
heavy  bus-bars  fed  by  unipolar 
generators  having  a  capacity  of 
something  over  10  000  amperes 
at  a  voltage  of  about  three 
volts.  To  these  bars  were  fas- 
tened a  pair  of  long  and  some- 
what flexible  bus-bars,  which 
extended  out  and  carried  on 
their  outer  ends  two  anvils,  between  which  the  contacts  to  be  tested 
could  be  placed.  Pressure  was  applied  by  a  big  air  cylinder  push- 
ing against  a  solidly  anchored  I-beam.  The  bus-bars  were  suffi- 
ciently flexible  to  allow  nearly  all  of  the  pressure  to  be  taken  by 
the  contacts,  the  pressure  needed  to  bring  them  together  being  only 
a  fraction  of  one  percent  of  the  final  pressure  obtained,  which  was 
in  the  neighborhood  of  8000  pounds  at  normal  air  pressure,  and 
could  be  raised  by  increasing  the  compressor  pressure. 

The  pressure  could  be  varied  quickly  by  admitting  or  releasing 
air  from  the  cylinder,  the  pressure  on  the  contacts  being  read  di- 
rectly by  a  suitably  calibrated  gauge,  subject  only  to  a  slight  cor- 
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rection  for  friction.  The  results  of  over  five  thousand  observa- 
tions on  this  machine  lead  to  but  one  conclusion,  which  may  be 
called  the  second  law  of  contacts : — 

// — Where  the  conditions  of  the  surface  in  contact  are  not  af- 
fected thereby,  the  voltage  across  a  contact  ivill  very  inversely  zvith 
the  pressure. 

This  law  has  been  tried  out  by  the  writer  in  other  apparatus, 
and  may  be  depended  on  within  wide  limits,  which  are  indicated  by 
the  law  itself.  So  long  as  the  pre'^sure  is  not  low  enough  for  a  lit- 
tle dirt  or  oxide  to  have  a  limiting  effect  or  high  enough  to  dis- 
tort the  contacts  and  thus  change  their  contact  conditions,  the  law 
will  hold. 

Contact  Materials — The  writer  has  made  some  rather  exten- 
sive experiments  with  various  materials  as  contacts,  but  the  ques- 
tion was  approached  from  another  viewpoint  than  that  of  contact 
resistance.  In  general,  the  resistance  to  arcing  and  permanence 
of  surface  are  the  limiting  factors.  Enough  data  was  obtained 
to  give  as  a  third  law  of  contact : — 

/// — The  resistance  beticeen  materials  depends  directly  on  the 
internal  resistance  of  the  materials,  those  having  a  lozv  resistance 
having  also  a  loiv  contact  resistance. 

This  point  was  not  quantitatively  considered  in  the  great  ma- 
jority of  the  investigations,  due  to  the  fact  that  it  is  of  more  or 
less  minor  importance  in  the  design  of  practical  switching  devices, 
the  designer  being  limited  therein  by  certain  other  considerations, 
such  as  those  given  above.  From  the  data  at  hand  it  would  seem 
'.hat  under  the  same  surface  conditions  brass  has  from  four  to 
eight  times  the  resistance  of  copper  across  the  contacts,  aluminum 
about  30  and  carbon  about  300  to  400  times.  These  values  have 
not  been  carefully  checked  and  should  be  accepted  only  as  roughly 
comparative. 

Condition  of  Contact  Surfaces — In  the  investigation  mentioned 
the  condition  of  the  contact  surface  was  a  constant  source  of  varia- 
tion, and  an  attempt  was  made,  therefore,  tf)  determine  just  what 
cflFeot  dirt  and  oxide  w-uld  have  on  the  resistance.  Thi.s  was  de- 
termined, but  cannot  be  defined,  due  to  the  fact  that  there  are  no 
measurable  degrees  of  dirtiness.  It  was  finally  decided  to  eliminate 
this  variable  by  cleaning  the  contacts  at  each  test,  and  this  was 
d(^ne,  and  the  laws  defined  above  are  based  on  experiments  made 
with  cleaned   contacts.     No  direct   law   can   be  <!e<bi-'--'   fr.)m  this 
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other  than  that  foreign  matter  increases  the  resistance  between  con- 
tacts, and  this  is  an  axiom  rather  than  a  law. 

Area  of  Contacts — The  three  laws  stated  above  were  deduced 
from  experiments  that  had  for  their  prime  object  the  determination 
of  the  proper  size,  or  rather  area,  of  contact  required  for  a  given 
voltage  drop  and  current.  This  is  the  commonest  requirement 
that  the  designer  has  to  meet,  and  the  answer  to  this  question  is 
of  the  first  importance.  A  little  survey  of  what  has  been  done  in 
the  field  of  determining  the  area  of  such  contacts  may  be  of  value. 
The  first  fixed  point  is  the  old  one  of  the  knife  switch  with  a 
split  jaw  into  which  a  blade  was  forced.  The  current  passed  from 
this  blade  to  the  jaw,  through  a  rectangular  surface,  and  it  is  com- 
mon practice  to  limit  the  current  in  such  jaws  to  fifty  or  seventy- 
five  amperes  per  square  inch.  In  the  construction  of  one  of  the 
early  types  of  carbon  circuit  breakers,  the  current  between  the 
brush  face,  and  the  stationary  contact  was  limited  to  two  hundred 
amperes  per  square  inch.  In  certain  very  successful  circuit  break- 
ers of  the  same  kind,  more  recently  designed,  this  value  is  in- 
creased to  over  five  hundred  amperes  per  square  inch.  This  is  a 
very  wide  variation  in  practice,  and  it  looked  as  if  such  empirical 
rules  might  be  improved  upon.  A  series  of  very  careful  tests 
were  made  on  various  square  contacts  with  surfaces  varying  from 
one  to  nine  square  inches.  There  resulted  no  definite  rule.  Cer- 
tainly there  were  no  such  differences  as  nine  to  one,  as  the  areas 
would  indicate  there  should  be.  That  there  was  some  difference 
cannot  be  denied,  but  this  was  only  slightly  in  favor  of  the  large 
contacts.  It  seems  reasonable  to  give  as  the  fourth  law  of  con- 
tacts the  following : — 

IV — The  resistance  between  contacts  depends  }iot  upon  their 
area,  but  only  on  the  total  pressure  with  zvhich  they  are  forced  to- 
gether. 

This  law  is  new  and  will  meet  with  some  criticism.  A  little 
consideration  will  show  that  it  follows  directly  from  the  second 
law  given  above.  Consider  a  contact  having  a  certain  current  pass- 
ing through  it  and  a  certain  resistance.  A  certain  drop  in  potential 
will  result.  Suppose  now  that  this  contact  be  paralleled  with  an- 
other contact,  the  exact  duplicate  of  the  first  one,  dividing  the  cur- 
rent and  pressure  between  them  evenly.  Having  one-half  the  pres- 
sure, the  contacts  will  each  have  twice  the  resistance  by  Lazv  II,  and, 
having  at  the  same  tini?  one-half  the  current,  they  will  have  each 
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exactly  the  same  drop  as  the  single  contact  previously  used.  If 
they  are  combined  and  considered  as  one  contact,  the  current  and 
the  drop  across  both  combinations  will  be  the  same,  and  consequent- 
ly- the  equivalent  resistance  will  be  exactly  the  same.  But  the  area 
/)f  contact  and  the  area  in  contact  will  be  twice  as  great  with  the 
two  contacts  as  with  the  single  one.  We  have  then  by  such  a  sub- 
>tiluti()n  doubled  the  area  in  contact  without  changing  the  resist- 
ance. Laii'  /r  and  Law  II  niu>.t.  therefore,  either  stand  or  fall  to- 
gether, being  simply  the  same  law  stated  in  a  little  different  form. 
The  fact  that  they  were  discovered  and   formulated  independently 
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by  the  wriu-r  bcfure  their  practical  identity  was  discovered,  seeni-^ 
to  indicate  that  they  will  stand.  These  law•^  midoubtedly  will  up- 
^et  certain  prect)nceived  notions  and  standard  practices,  and  before 
tlicy  will  be  accepted  l)y  j^ractical  men  the  ap])arent  discrepancy 
between  such  standard  practice  and  the  laws  will,  in  a  measure, 
liave  to  be  accounted  for.  Before  doing  this  it  will  be  desirable  to 
give  .some  results  of  tests  and  put  the  whole  matter  on  a  little  more 
(|uantitative  footing. 

As  has  been  mentioned  above,  there  i>^  a  considerable  variation 
in  resistance  even  on  cleaned  contacts,  due  to  the  variable  amount 
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of  dirt  and  oxide  present.  It  is,  therefore,  impossible  to  give  an 
exact  value  to  contact  resistance  in  terms  of  pressure.  It  is  pos- 
sible to  give  the  limits  between  which  the  values  will  fall  for  cleaned 
copper  contacts,  as  shown  in  curves  A  and  B  in  Fig.  2.  The  values 
are  plotted  in  thousands  of  pounds  and  microhms,  but  the  same 
curves  hold  if  the  pressures  are  divided  by  ten  and  the  resistances 
multiplied  by  ten.  That  is,  for  lower  pressures  we  can  consider 
the  pressures  as  given  in  hundreds  of  pounds  and  the  resistance 
values  as  ten  times  greater  than  those  given  in  the  curve. 

These  curves  express  the  formulaa,  FX-^^0.0008  and  PX,R= 
0.0016,  P  being  pressure  in  pounds  and  R,  resistance  in  ohms,  these 
being  the  limit  values  for  cleaned  copper  contacts.  These  expres- 
sions are  very  accurate  between  the  limits  of  i  500  pounds  and 
8000  pounds,  but  at  pressure  below  the  lower  value  there  are  likely 
to  be  some  very  erratic  values.  This  is  due  to  the  fact  that  at  the 
lower  pressures  the  influence  of  dirt  and  oxide  is  very  much  more 
likely  to  interfere  with  the  contacts  than  at  the  higher  pressures.  A 
careful  examination  of  a  considerable  number  of  tests  at  the  lower 
pressures  seems  to  fully  confirm  the  laws  for  the  whole  range  of 
pressures. 

The  fact  that  the  resistance  is  independent  of  the  area  in  con- 
tact seems  at  first  sight  to  be  at  variance  with  certain  information 
and  standard  practice  that  has  grown  up  over  a  long  period  of  time. 
The  average  man  is  a  little  confused  by  the  fact  that,  with  the  same 
voltage  drop,  big  contacts  operate  at  lower  temperatures  than  small 
ones,  due  to  the  increased  linear  dimensions  and  surface,  and  there- 
fore the  heat  radiating  qualities. 

The  excellent  performance  of  the  so-called  carbon  circuit  break- 
er and  similar  devices  having  laminated  contacts,  seems  to  prove 
that  the  area  is  an  important  factor,  for  it  is  on  the  excellent  sur- 
face conditions,  under  the  flexible  brush  of  that  type  of  apparatus 
that  the  good  behavior  apparently  rests.  This  is  probably  a  mis- 
take. A  test  of  such  a  brush  under  definite  pressure  conditions 
disclosed  that  the  pressure-resistance  curve  followed  the  same  laws 
that  the  solid  contacts  did.  This  test  was  not  made  for  the  purpose 
of  checking  this  point,  however,  but  to  get  comparative  results  be- 
tween different  forms  of  brush.  The  contact  surfaces  were  not 
cleaned  and  the  values  obtained  were  greater  than  would  have  re- 
sulted from  a  solid  contact  following  curve  A.  The  actual  values 
are  given  as  the  circuit  breaker  curve  C  in  Fig.  2.     This  curve  is 
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made  to  the  lower  scale  of  hundreds  of  pounds,  and  the  values  are 
given  in  microhms  in  the  place  of  tenths  of  microhms  as  with  the 
curves  A  and  B.  This  higher  value  is  to  be  expected  from  the  con- 
dition of  the  contacts.  Had  they  been  as  carefully  cleaned  as  those 
in  the  tests  that  led  to  curves  A  and  B,  curve  C  would  undoubtedly 
have  fallen  within  the  limits  set  by  those  curves. 

The  explanation  of  the  apparent  efficiency  of  the  laminated 
brush  lies  in  the  following  points :  First,  the  laminated  brush  is 
an  excellent  contact  cleaner,  the  narrow  leaves  scraping  the  dirt 
away  and  there  being  a  good  space  between  the  leaves  for  the  dirt 
to  be  pushed  away.  The  total  pressure  is,  therefore,  taken  on  the 
contacts.  With  a  solid  brush,  a  little  piece  of  dirt  may  take  a 
large  portion  of  the  pressure,  leaving  a  considerably  less  actual  pres- 
sure on  contact  surfaces.  Where  surfaces  can  be  kept  clean  the 
solid  brush  has  been  very  successful,  as  for  example  in  oil  switc'oes ; 
second,  the  laminations  serve  to  make  the  rate  of  oxidation  much 
slower  by  forming  a  close  contact  and  excluding  the  air ;  third, 
the  laminated  brush,  being  elastic,  tends  to  apply  the  pressure  much 
better  than  a  rigid  mechanism.  Wear  in  the  mechanism  is  thereby 
compensated  for  and  the  result  is  a  better  maintenance  of  contact 
conditions  over  a  long  period  of  time.  It  is  common  practice  to 
grind  in  switch  jaws,  and  such  grinding  commonly  results  in  a 
lower  voltage  drop  across  the  switch.  This  is  not  due,  however,  to 
more  surface  being  in  c<^ntact,  but  only  to  the  surface  that  is  in 
contact  being  cleaner.  The  very  great  success  of  contacts  such 
as  those  on  the  pneumatically-operated  switches  on  street  cars  which 
have  very  high  pressures  and  only  a  line  contact  of  negligible  area, 
supports  the  conclusions  that  have  been  drawn  above. 

It  is  probable  that  laminated  brushes  will  hold  their  own  for 
the  particular  service,  in  which  they  are  now  used.  That  is.  in 
places  where  they  are  infrequently  opened  and,  therefore,  not  likely 
to  be  exposed  to  excessive  oxidization.  In  such  a  location  they 
seem  to  be  superior  to  the  solid  contacts,  but  where  contacts  are 
opening  often,  as  on  motor-starting  devices  and  the  like,  which  op- 
erate once  an  hour  or  oftener,  it  is  very  doubtful  if  they  are  as  good 
as  a  solid  contact,  provided  the  solid  contact  is  spring  driven,  so 
that  the  pressure  is  maintained  constant.  With  this  theory  in  mind, 
it  is  easy  to  understand  the  excellent  behavior  of  the  so-called  butt 
contact,  now  coming  into  general  use  on  small  capacity  oil  circuit 
breakers  and  destined  to  come  into  use  on  large  ones.      Here  we 
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have  two  plain  surfaces,  pressed  together  by  a  spring  that  allows 
considerable  wear  before  the  pressure  between  these  surfaces  falls 
off  appreciably.  The  arcing  takes  place  between  these  surfaces  and 
in  a  very  short  tiir.e  they  start  to  wear  away  roughly,  the  contact 
often  being  a  mere  pin  point.  Many  thousands  of  such  contacts  are 
in  successful  use,  their  simplicity  and  cheapness  of  manufacture 
and  renewal  being  important  points  in  their  favor.  They  have  met 
with  considerable  opposition  not  only  from  operating  men  who  did 
not  believe  that  they  would  function  properly,  but  from  designers 
of  such  devices  who  were  ignorant  of  the  principles  of  contacts, 
and  relied  solely  on  theory  that  was  based  on  false  conceptions 
of  the  governing  conditions. 

On  reviewing  the  investigations  that  have  been  summarized 
here,  and  considering  a  numiber  of  parallel  investigations,  the  one 
fact  that  seems  most  striking  is  the  very  evidently  traditional  na- 
ture of  some  of  the  data  with  which  the  engineers  of  today  are 
working.  There  exists  in  scattered  form  abundant  data  to  prove 
the  laws  of  contacts  as  stated  above,  quite  independent  of  the  work 
here  outlined,  and  it  is  probable  that  there  are  men  who  appreciate 
them  quite  as  well  as  the  writer.  They  have  never  been  formulated, 
so  far  as  the  writer  is  aware,  and  certainly  there  are  many  designers 
who  are  not  only  ignorant  of  then,  but  who  are  absolutely  wrong 
in  their  notions  on  this  very  important  point.  The  expense  of  exam- 
ining many  similar  points  is  relatively  small,  and  it  is  to  be  hoped 
that  the  engineering  profession  will  maintain  a  healthy  scepticism 
as  to  facts  that  rest  largely  or  wholly  on  tradition. 


PROPERTIES    AND   USES  OF   BAKELIFE    MICARTA 

R.  W.  E.  MOORE 

MK"AI\  1".\  is  a  new  and  remarkable  material  developed  ]jri- 
niarily  for  insulating  purposes ;  but  on  account  of  its 
superior  mechanical  properties  it  has  found  its  way  into 
many  other  applications.  It  is  produced  in  several  grades,  de- 
pending largely  on  the  kind  of  raw  materials  entering  into  its 
manufacture.  The  main  difference  between  the  two  principal 
grades  is  their  relative  resistances  to  temperature.  The  first 
grade  is  suitable  for  temperatures  not  to  exceed  80°  C.  where 
the  bonding  material  begins  to  soften  slightly.  The  second  grade 
utilizes  the  new  svnthetic  resin  known  as  bakelite  as  the  bonding 
material,     and     will     withstand     temi)eratures     well     above     the 
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SliDwing   variety   of   shapes   into    wliicli    this    materia!    is    manu- 
f  ictiircd. 

bt  iling  point  of  water  wiihout  deterioration.  Micarta  is  made 
into  tubes,  from  3/16  inch  inside  diameter  and  3  64  inch 
wall,  up  to  tubes  of  45  inches  inside  diamter  and  almost 
any  thickness  of  wall.  It  is  also  made  into  tubing  of  rectangular, 
hexagonal  and  other  shai)es,  and  plates  in  any  size  up  to  36  inches 
scjuare  and  1.5  inches  thick.  .Ml  of  these  shapes  are  made  very 
accurately  to  dimensions  as  the  material  machines,  drills  and  finishes 
very  well.  It  may  be  cut  into  many  peculiar  designs,  a  few  of 
which  are  shown  in  Fig.  1.  Any  of  the  fmishes  that  are  usually  de- 
sired for  this  class  of  material  may  be  applied  to  bakclile-micarta. 
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It  may  be  varnished  with  bakeHte  varnish,  linseed  oil  varnish,  or 
asphaltuni  varnish.  When  polished  by  ordinary  buffing  methods  it 
takes  a  high  finish  and  has  a  dark  brown  color.  It  is  also  manufac- 
tured black  and  it  then  has  the  appearance  of  hard  rubber. 

CHARACTERISTICS 

Thermal — Severe  tests  have  been  applied  to  bakelite-micarta  to 
determine  its  heat  resisting  properties,  and  it  has  been  found  to 
withstand  a  temperature  of  125  degrees,  C.  continuously  without 
deterioration  and  will  withstand  a  temperature  of  150  degrees,  C. 
for  short  periods  of  time.  It  is  infusible,  that  is,  will  not  soften 
at  any  temperature,  but  will  be  destroyed  when  the  carbonizing 
temperature  is  reached.  If  sufficiently  heated  and  brought  in  con- 
tact with  a  flame,  it  will  burn,  but  with  difficulty.     For  this  rea- 

TABLE  I— BREAKDOWN  VOLTAGES 


Test 

•       Plates 

Tubes 

i/i6in.  Thick 

Ya  in.  Thick 
115  000 

1/16  in.  Thick 

J4  in.  Thick 

No.  I 

65  000 

51  000 

103  000 

"     2 

62  500 

125  000 

57500 

90000 

"     3 

72500 

129  000 

50000 

90000 

"     4 

76  000 

139000 

52  500 

98000 

"     5 

77  500 

132000 

50  000 

104000 

Average 

70  100 

128  000 

52500 

97000 

son,  and  on  account  of  its  density  it  withstands  an  electric  arc 
better  than  other  organic  substances  such  as  hard  rubber,  or 
moulded  insulation  and  builtup  mica  which  contain  natural  resins 
which  are  not  dependable  in  their  fusing  and  distilling  properties. 
The  heat  conductivity  of  this  material  compares  very  favorably 
with  most  other  insulating  materials,  and  it  is  a  better  heat  con- 
ductor than  fibre.  Its  expansion  is  0.00002  inch  per  degree,  C. 
(silver  is  0.0000192  and  glass  0.000025). 

Electrical — The  dielectric  strength  of  bakelite-micarta  is  high 
compared  with  other  materials  of  this  class,  being  about  500  to 
I  000  volts  per  mil  of  thickness  up  to  one-quarter  inch.  Its  di- 
electric strength  at  various  thicknesses,  together  with  average  val- 
ues is  given  in  Table  I.  It  has  a  specific  inductive  capacity  of  about 
5.2.  and  a  power-factor  of  0.024  at  180  cycles  (clear  mica  has  a 
specific  inductive  capacity  of  5.5  to  6  and  a  power-factor  of  .001). 
The  insulation  resistance  was  taken  on  samples  after  they  were  ex- 
posed to  atmospheric  conditions  for  48  hours  (20  degrees,  C.  and 
60  percent  humidity),  and  fovmd  to  be  2. 13X10"  ohms  per  cubic 
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centimeter  at  625  volts  per  centhiieter  thickness  (the  insulation 
resistance  of  mica  is  about  8.75X10'''  ohms  per  cubic  centimeter). 
Chemical — Bakelite-micarta  is  insoluble  in  all  the  ordinary  vola- 
tile solvents,  such  as  alcoliDl,  turpentine,  benzine,  chloroform,  ben- 
zol, etc.  It  is  also  insoluble  in  weak  solutions  of  acids  and  alkalies, 
but  strong  solutions  attack  it.  It  is  remarkably  non-hygroscopic, 
increasing  in  weight  only  a  little  over  one  percent  when  immersed 
for  24  iKuirs  in  water.  It  is  insoluble  and  entirely  unaffected  by 
transformer,  lubricating  or  other  oils.      It  is  unaffected  by  ozone, 

TABLE  II 
Bending  Test  Compression  Test 


Tension 

Test 
Ult.  Stress 
per  sq.  in. 

Ult.  Stress 

Per  sq.  in. 

Ult.  Stress 

Per  sq.  in. 

Averge* 
Briiuiell 
hardness 

Cut  across 
sheet 

Cut  alon<> 
sheet 

tubes,  2" 

long,  set 

on  end 

Blocks  of  ^" 

broad,  2" 

long,  i"  high, 

s^t  on  edge 

Bakelite-Micarta 

18750 
21060 

26200 
26150 

18350 
18750 

17125 

19900 
21700 

40.4 

Av.  19905 

26175 

18550 

17250 

2o8co 

I-i 

b.e 

14950 
14740 

21 150 

21800 

14450 
14550 

16475 
15450 

1 1300 
10825 

1 

Av.  14850 

21475 

14500 

15060 

iio5o 

which  gives  it  an  advantage  for  electrical  purposes  over  hard  rub- 
ber, natural  resinous  substances,  etc. 

Physical— The  tensile,  compressive  and  bending  strength  and 
hardness  ot  bakelite-micarta  as  compared  with  white  fibre  is  given 
in  Table  11.      It  has  a  specific  gravity  of  about  1.25. 

One  of  the  prime  requisites  of  any  good  insulating  material  is 
homogeneity  of  structiuc.  Its  absence  is  one  of  the  very  serious 
drawbacks  in  many  of  tlie  in.^ulating  materials  used  at  present,  be- 
cause of  the  fact  that  internal  mechanical  stresses  are  very  likely 
to  develop,  causing  cracking  or  distortion,  and  requiring  a  compara- 
tively large  factor  of  safety,  liakelite-micarta,  however,  is  re- 
markably dependable  in  this  respect.     Its  almost  perfect  homogcne- 


*Degree  of  hardness  by  this  method  is  determined  from  the  \vi«lth  0/ 
the  depression  made  in  the  material  by  a  standard  ball  under  a  standard 
pressure. 
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ity  is  well  brought  out  in  the  accidental  fracture  of  the  six-inch 
tube  shown  in  Fig.  2.  This  tube  broke  whlie  a  mandrel  was  being 
withdrawn,  and  was  under  a  tensile  stress  due  to  shrinkage  and 
also  a  compressive  force  applied  at  the  end  of  the  tube  in  press- 
ing it  off  the  mandrel.  The  uniformity  of  the  fracture  wave  shows 
the  homogeneity  of  the  material.  A  harmonic  analysis  has  been 
made  of  this  wave,  Fig.  3,  and  it  is  seen  that  the  break  is  largely  of 
one  frequency  with  small  sympathetic  wave  components  of  slightly 


piPr^i!i«iP**/«piiSf^^ 


FIG.    2 — ACCIDENTAL    FRACTURF    OF    A    SIX-INCH    MICARTA    TUBE 

This  took  the  form  of  a  sine  wave,  thus  indicating  remark- 
able homogeneity. 

lower  and  higher  frequencies.     Table  III  gives  the  complete  list  of 
the  waves  and  their  phase  angles,  which  make  up  this  wave  fracture. 

APPLICATIONS 

Among  the  applications  of  ])akelite-micarta  are  brush- 
holder  tubes  and  collector  insulation.  Here  insulating  material  is 
required     which     will     retain     its     dimensions    accurately     when 


FIG.    3 — HARMONIC    ANALYSIS    OF    FRACTURE    WAVE    SHOWN    IN    FIG.    2 

subjected  to  variations  of  temperature  and  moisture.  It  is  excel- 
lent for  tubes  over  condenser  terminals,  such  as  shown  in  Fig.  4, 
which  are  filled  with  cement  in  a  melted  state,  for  here  the  tubes 
must  keep  their  shape  while  the  cement  at  rather  high  temperature 
is  being  poured,  and  also  they  must  withstand  the  baking  while  the 
black  enamel  is  being  applied  as  a  finish.  It  is  especially  good  for 
tank  linings  for  oil  immersed  apparatus  on  account  of  its  being 
impervious  to  moisture,  as  it  will  not  carry  moisture  into  oil,  nor 
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is  ii  affected  by  the  oil.     It  lla^  l)ecn  applied  in  tills  way  in  electro- 
lytic lightning  arresters,  where  there  would  be  danger  of  the  electro- 


TAlllJC  II 


Wave 

Amplitude 

Phase  .'\ngle 

1 

.OZl 

43-     lag 

2 

.023 

71.6  lead 

.3 

.046 

9.T  lead 

4 

.018 

18.4  lag 

5 

.028 

3 "4  la« 

6 

.014 

18.S  laK 

7 

.014 

8.6  lag 

8 

.085 

4.0  lead 

Q 

.02«J 

10.0  lead 

10 

.JI4 

(1.0  lag 

II 

J.  500 

1.8  lead 

12 

.20Q 

4.8  lead 

13 

.065 

0.4  lead 

M 

.036 

1 7. 1  lag 

lyte  getting  into  the  oil  and  being  absorbed  by  the  lining.      Its  act- 
ing as  an  insulating  barrier  here  makes  possible  a  great  reduction 
♦  of  the  insulating  distance  to  the  case.     A  sleeve 

or  conduit  for  the  high  tension  leads  for  auto- 
mobile motor  ignition  is  shown  in  I'ig.  3.  In- 
duction coil  cases  are  also  made  from  bakelite- 
micarta.  Mere  it  meets  the  iiigh  temi)erature  de- 
mands very  nicely.  It  has  been  used  for  intri- 
cately machined  end  plates  on  wireless  telegraph 
generators,  because  they  were  to  be  ojjerated 
along  the  coast  where  there  would  be  consider- 
able moisture  and  because  the  speed  cf  opera- 
tion    re(|uired     high     mechanical     .^trengtii.     The 


FK;.    5 — lU.MUlT    K()K    ISK    OVKK    AlTOMo- 

iiiLK     i;n(;i.nk     hik     (.\krvi.v<;     hu.m 
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material  works  very  nicely  into  noiseless  gear 
wheels,  and  is  used  for  this  purjMise  as  liming 
gears  for  automobile  ignition  work.  It  fills  a 
long-felt  need  for  a  material  for  making  spools 
and  tubes  on  which  coils  can  be  wound  and  then 
impregnated  in  molten  gums,  because  precau- 
tions are  nol  rc(|uired  to  keep  these  spools  an«l  tubes  from  col- 
lapsing under  the  heat   during  impregnation;  also  for  coils  ireat- 
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ed  with  varnishes  which  have  to  be  baked  at  a  high  temperature. 

Another    appHcation    is    commutator    bushings    and    V-rings. 
Bakelite-micarta  has  the  mechanical  strength  needed  here  and  stands 


FIG.    6 — LARGE    PISTON    TYPE    PRESS    FOR    REMOVING     MANDRELS     UPON 
WHICH    MICARTA   TUBES  ARE  BUILT 

up  well  under  the  baking  treatments  necessary  for  the  final  season- 
ing of  the  commutator.  While  there  are  many  other  interesting 
applications,  these  may  serve  to  give  an  idea  of  the  broad  fields 
to  which  this  material  may  be  applied. 

From  the  foregoing  it  will  be  seen  that  bakelite-micarta  meets 
many    insulating    requirements    more    satisfactorily    than    the    best 


FIG.     7 A    FACTORY     DEPARTMENT    DEVUTLU    EXCLUSIVELY    TO    THE 

MANUFACTURE    OF   BAKELITE-MICARTA 

materials  which  have  been  used  in  the  past,  and  that  it  is  suitable 
for  much  more  severe  service  than  any  other  insulating  material 
has  yet  been  able  to  meet. 


A  STUDY  OF  INSULATION  PROBLEMS* 

C.  FORTESCUE 

The  object  of  this  article  is  to  emphasize  a  principle  of  electrostatic 
theory  by  which  the  individual  units  of  a  system  of  conductors  may  l)e 
arranged  to  protect  one  another. 

ONE  aspect  of  the  insulation  problem  that  has  received  but 
little  consideration  is  the  proper  grouping  of  conductors, 
so  that  they  shall  assist  in  insulating  one  another.  As  an 
example,  consider  two  spheres  25  cm.  in  diameter  and  25  cm. 
apart,  at  potentials  -|-  200  000  and  —  200  000  and  a  small  thin  disk 
of  conducting  material  connected  to  ground  and  placed  near  the 
spheres.  The  disk  may  be  placed  in  a  number  of  positions  in  which 
it  is  insulated  from  both  of  the  spheres,  but  there  is  only  one  set 
of  positions  in  which  it  will  cause  no  disturbance  of  the  electric 
field,  namely,  those  lying  in  the  zero  potential  surface  or  plane 
of  symmetry  midway  between  the  two  spheres.  If  one  of  the 
spheres  be  removed,  the  balance  will  be  disturbed  and  the  remain- 
ing sphere  will  discharge  to  the  disk.  Thus  the  presence  of  the 
sphere  of  potential  +  200  000  has  served  to  insulate  the  sphere 
of  potential  —  200  cxx)  from  the  grounded  disk.  \'ery  thin  wires 
may  be  brought  into  the  field  of  the  two  spheres  and  maintained 
at  a  difference  of  potential  many  times  larger  than  their  normal 
disruptive  voltage. 

In  such  cases  as  these  the  ordinary  rules  of  procedure  follow- 
ed in  insulation  methods  are  seemingly  violated.  Thus  sharp 
edges  and  fine  wires  are  more  eflfectively  insulated  than  thick 
rounded  edges  and  large  wires.  In  practical  work,  conductors 
usually  have  edges  where  the  intensity  becomes  high,  and  there- 
fore, if  by  some  metiiod,  these  sharp  edges  can  be  insulated  as 
effectively  as  large  rounded  edges,  a  \aluable  advantage  will  have 
been  gained 

.\    PRINCIPLR   OF    ELECTROSTATIC    TIIEORV 

If  a  region  in  ruiy  particular  electric  field  be  isolated  or  out 
out  by  any  number  of  closed  surfaces,  then  the  electric  field  in 
this  region  will  remain  unchanged,  whatever  change  may  t.ikc 
place  in  the  external  electric  field,  if  the  potentials  at  all  points 
on  the  enclosing  surfaces  are  maintained  at  tiieir  original  values. 
It  follows  that  the  intensity  due  to  the  surface  distribution  will, 
at  each  point  of  the  region,  be  the  same  as  that  of  the  assumed 

♦Revised  from  a  paper  read  liefore  the  American   In-;titut<-  •>{  FIi-<iriiaI 
Engineers. 
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electric  field.  The  potential  in  such  a  region  will  be  unaffected 
by  any  change  in  position  or  electrification  of  external  bodies, 
since  it  is  uniquely  determined  by  the  surface  potential  dis- 
tribution which  remains  unchanged.  It  is  also  obvious  from  this 
principle  that  two  or  more  regions,  completely  separated  from  one 
another  ])y  any  number  of  surfaces,  may  each  have  a  different 
electric  field,  if  at  every  point  of  the  dividing  surface  or  surfaces 
between  any  two  of  the  regions,  the  fields  in  these  regions  have 

the  same  potential. 

The  truth  of  the  principle  just  stated  is  almost  self-evident, 

for  it  is  known  that  when  the  potentials  of  a  system  of  conductors 
are  given,  there  is  only  one  possible  solution  of  the  electric  field 
consistent  with  the  proper  conditions.  If,  therefore,  a  solution  be 
known  that  will  give  the  same  potential  at  each  point  of  the  bound- 
ing surfaces  of  a  given  region  as  the  assigned  potentials,  then  this 
must  be  the  only  possible  solution.  It  is  not  so  easy  to  see  that 
the  field  within  the  region  is  independent  of  any  external  influ- 
ences. This  may  be  deduced  from  the  fact  that,  in  order  to  pro- 
duce a  potential  within  the  region,  an  external  system  must  also 
produce  a  potential  at  each  point  of  the  surfaces,  and,  since  the 
potentials  at  the  surfaces  are  maintained  constant,  the  effect  of 
external  bodies  within  the  region  must  be  zero.  Changes  in  the 
external  electric  field  have  the  effect,  however,  of  altering  the 
charges  at  each  point  of  the  surface.  In  other  words,  the  effect 
of  any  change  in  the  external  system  is  to  produce  a  change  in 
the  capacity  of  the  system  of  charged  bodies  at  the  surfaces  of 
the  region,  in  such  a  way  that  there  is  a  change  in  the  surface 
charges,  the  potentials  remaining  constant,  of  such  a  nature  as  to 
completely  annul  the  effect  within  the  region  of  the  change  in  the 
external   system. 

A  few  simple  illustrations  of  electric  fields  produced  in  ac- 
cordance with  this  principle  may  serve  to  give  a  more  vivid  con- 
ception of  its  use.* 

Consider  two  parallel  i)lane  conductors,  forming  two  portions 
of  the  surface  of  a  solid  dielectric.     To  produce  within  the  body 


*The  anaiytic  theorem  upon  which  this  principle  is  hased  may  be  found 
in  Maxwell's  "Electricity  and  Magnetism,"  1904  edition,  p.  136.  A  more 
general  proof  of  the  same  theorem  is  given  in  Kelvin  and  Tait  "Treatise  on 
Natural  Philosophy,"  IQ03  edition,  Vol.  i,  Chap,  i.  Appendix  A  (c).  A 
full  discussion  of  Green's  nroblem,  which  has  some  bearing  on  the  above 
principle,  may  be  found  in  Vol.  2  of  the  same  work,  Articles  499  to  508.  in- 
clusive. Reference  may  also  be  made  to  Jean's  "Electricity  and  Magnetism," 
Articles  186,  187  and  1888,  and  to  Webster's  "The  Theory  of  Electricity  and 
Magnetism,"  the  last  paragraph  of  Article  86. 
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a  unifiirm  Held  ccirrespoiicHiig  to  that  between  two  infinite  parallel 
planes  lia\intr  the  same  potentials  as  the  two  conductors,  all  that 
is  necessary  is  to  ])ro(luce  at  each  ])()int  of  the  surface  of  the  di- 
clcclrio  a  potential  ecjual  to  that  of  the  uniform  field  at  that  point. 
The  whole  surface  (^f  the  dielectric  might  he  considered  as  niap- 
peil  (lut  in  e(|ui-p  >tential  contour  lines  infinitely  close  together  and 
each  line  may  he  imagined  to  become  a  conductor  which  will  be 
sup])oscd  to  be  connected  to  an  external  source  of  the  proper  po- 
tential. 

A  dielectric  sphere  in  a  uniform  field  furnishes  an  interest- 
ing ap})licatii  n  of  this  principle.  A  section  of  the  equipotential 
surfaces  of  the  electric  field  in  the  neighborhood  of  a  dielectric 
sphere  in  a  vniiforni  t'leld.  with  and  without  the  proper  potential 
distribution,   is  shown  in   Figs,    i   and  2. 

Cylindrical  conducting  bodies  and  insulating  structures  are  of 
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common  occurrence  in  practical  jjroblems.  Supjjose  it  be  re(|uired 
to  insulate  a  short  external  cylinder  from  a  /<>;;</  internal  concen- 
tric cylinder.  Lines  may  be  drawn  from  the  ends  of  the  external 
cylinder  to  the  nearest  points  on  the  ends  of  the  inner  cylinder, 
sec  I*"ig.  3.  The  surfaces  of  revolution  formed  by  these  two  lines 
and  the  two  cylinders  may  be  taken  as  b;)unding  surfaces  of  the 
endo.sed  region,  which  will  be  assumed  to  have  within  it  a  pf)tential 

\\  =  B  log.,  r  +  A 
where  r  is  the  distance  of  the  point,  whose  i)otential  is  / ',  from 
the  axis  of  the  cylinders  and  A'  and  ./  arc  constants  determined 
from  the  potentials  of  the  two  cylinders.  The  e(|uip!>tcntial  sur- 
faces of  the  field  will  intersect  the  surfaces  of  revolution  formed 
by  the  two  lines  in  circles,  the  planes  of  which  will  be  perpendic- 
ular to  the  axis  of  the  cylinder.  If  each  circle  were  a  conductor 
connected  to  an  outside  source  ha\  ing  the  same  ]>otcntial  as  that 
of  the  C(|uipotential   surf;ice  on  which  the  circle  lies,  the  di-fri!>n- 
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tion  over  the  surface  so  produced  would  cause  the  potential  with- 
in the  enclosed  region  to  be  equal  to 

V^  =  B  loge  r  ^  A 
If,  instead  of  the  external  cylinder,  a  disk  be  substituted  of 
infinite  radius  with  a  hole  in  it  of  the  same  diameter  as  the  cylin- 
der, and  with  its  plane  at  right  angles  to  the  axis  of  the  cylin- 
ders, and  if  the  internal  cylinder  be  provided  with  a  similar  disk 
at  each  end ;  taking  s  as  measured  from  the  point  of  intersection 
of  the  axis  of  the  cylinder  and  the  plane  of  the  middle  disk,  a 
field  may  be  assumed  between  the  middle  and  upper  disks,  having 
its  equipotential  surfaces  parallel  to  the  disk,  and  the  potential 
of  the  field  will  be 

Fo  =  C  +  D  ^ 

C  and  D  being   determined  by   the  potentials  of   the  middle   and 
outer  disks. 

The  region  between  the  inner  cylinder  and  middle  disk  may 
be  assumed  to  have  an  electrostatic  field,  the  equipotential  sur- 
faces of  which  are  cylinders  concentric  with  the  inner  cylinder, 
and  whose  values  are  given  by 

V^  =  B  loge  r  ^  A 

The  surface  of  separation  between  the  two  regions  having  po- 
tentials Fi  and  Vq  will  have  for  its  equation, 

C—A+Dz 

2  z 


(^) '" 


where 

C~A 
a^e     j{   =  radius  of  hole  in  outer  disk. 
b  =  radius  of  inner  cylinder. 
/  =1  length  of  inner  cylinder. 
If  the  three  disks  are  limited  in  diameter,  the  middle  one  be- 
ing less  than  the  other  two,   and  if   the   region  between  the  two 
outer  disks  is  completely  enclosed  by  an  external  cylinder  extend- 
ing from  one  to  thei  other,  the  outer  edge  of  the  middle  disk  may 
be  insulated  from  the  external  cylinder  in  a  similar  manner.    These 
three  examples  are  illustrated  in  Figs.  3,  4  and  5  respectively. 

LIMITATIONS    IN     PRACTICAL    APPLICATION 

In  practical  applications  of  this  principle,  the  means  for  pro- 
ducing a  potential  distribution  over  a  surface  are  limited.  A 
finite  number  of  steps  must  be  used  and  the  potentials  must  be 
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applied  to  strips  of  metal  of  finite  widths  in  such  a  way  that  the 
intervening  surface  between  two  adjacent  strips  shall  have  the 
proper  potential  at  each  point.  However,  with  proper  care  in 
laying  out  the  various  parts,  a  fairly  close  approximation  may  be 
made  to  ideal  conditions. 

The  application  that  at  once  suggests  itself  as  being  most 
suitable,  is  the  insulation  of  high-voltage  transformers,  particular- 
ly such  as  are  used  for  testing  purposes.  Application  to  line  in- 
sulators will  also  be  taken  up  and  miscellaneous  uses  to  which  the 
principle  may  be  adapted. 

CORE    TYPE    TRANSFORMERS 

Before  considering  the  application  of  the  principle  to  the  in- 
sulation of  transformers,  it  will  be  well  to  consider  the  mechanical 


Fig.  3  Fig.  4  Fig.  5 

characteristics  of  the  materials  available  for  insulating  transform- 
ers. Moulded  material,  on  account  of  the  large  bulk  rccjuired  in 
high-voltage  transformers,  is  probably  out  of  the  question.  At 
present,  the  most  suitable  materials  are  obtainable  in  the  form  of 
cylinders  and  plates.  The  insulation  of  high-voltage  transformers 
will  therefore  consist  of  structures  of  concentric  cylinders  and 
parallel  plates  of  solid  insulation  interspersed  with  oil.  The  forms 
of  electric  field  that  arc  most  >nitable  with  such  insulation  struc- 
tures, namely,  the  uniform  field  and  the  field  of  logarithmic  \)o- 
tential,  give  also  the  best  conditions  of  stress  in  the  materials  and 
are  adapted  to  the  natural  form  of  the  winding  and  core  structure 
of  transformers. 

The  simplest    form  of  high-voltage  transformer  has  one  ter- 
minal conected  to  ground  through  the  core  and  case  and  the  other 
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is  brought  out  through  a  high  potential  bushing  in  the  cover. 
Fig.  6  shows  the  diagram  of  connections  for  such  a  transformer 
designed  in  accordance  with  this  principle.  The  high-tension 
winding  of  this  transformer  is  made  up  of  a  number  of  discoidal- 
shaped  coils,  arranged  and  connected  so  that  the  potentials  of  the 
coils  progressively  decrease  from  the  center  coils  outward.  1'hus, 
the  coil  marked,  "terminal  coil"  has  the  liighest  potential,  while 
that  marked  "ground  coil"  has  the  lowest  })otential.  Each  coil 
is  so  placed  that  it  lies  on  the  equipotential  surface,  correspond- 
ing to  its  potential,  of  an  assumed  uniform  field  in  tlie  region  in- 
cluded  between   the   middle   high-potential   coils   and   the   outer  or 


CONNECTORS  FROM  HIGH  TENSION  WINDING  TO  Rl 
LOW  TENSION  WINDING 


TIN  FOIlTr            ] 
RINGS  — ■■ 


GROUND  CONNECTOR 
GROUND  COU. 


'high  TENSION 


iJ^^^^J^ 


•CORE 


Pic.  6— Insul.\tion  Scheme  for  Transformer  Designed  to  Operate 

WITH  One  End  Grounded 

low  potential  coils.  The  whole  high  tension  winding  thus  assists 
in  producing  in  the  external  region  in  close  proximity  to  the 
windings,  and  in  the  part  of  the  internal  regions  which  are  un- 
occupied by  the  cylindrical  barriers,  what  substantially  amounts 
to  a  uniform  electric  field. 

The  external  surface  of  the  cylindrical  insulating  structure 
which  serves  to  insulate  the  core  and  low-tension  winding  from 
the  high-tension  winding  is  shaped  according  to  the  internal  field 
of  logarithmic  potential  and  the  external  uniform  field,  as  shown 
in  Figs.  4  and  5.  The  potential  distribution  over  the  surface  of 
this  cylindrical  structure  is  produced  by  connecting  unclosed  rings 
of  tin  foil  on  the  insulating  cylinders  to  the  proper  point  of  the 
high-tension  winding.  The  top  and  bottom  rings  on  each  cylinder 
are  connected  together  by  a  thin  strip  of  copper,  which  also  serves 
to  connect  an  upper  to  a  lower  coil.     Thus  the  ring  and  its  con- 
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nccting  strip  lie  on  the  proper  c<|uipatential  surface  of  the  sys- 
tem, and  therefore  produce  no  (Hsturbance  in  tlie  electric  held. 
Moreover,  the  ring  on  account  of  its  width,  helps  to  produce  the 
proper  potential  at  each  point  of  the  surface  of  the  cylindrical 
barrier  lying  between  it  and  the  adjacent  ring. 

The  outlet  l)ushing  also  is  designed  so  that  when  in  position 
the  end  of  each  conducting  layer  will  lie  on  the  equipotential  sur- 
face of  the  system  having  the  same  potential,  thereby  producing 
the  minimum  disturbance.  This  outlet  bushing  is  not  shown  in 
Fig.  6.  A  transformer  built  according  to  this  scheme  is  shown 
in  Fig.  7.  partly  assembled.  V\g.  S  shows  the  same  transformer 
with    coils    and    iron    assembled,    but    without    external    barrier. 


I  H..      7 — IIU.H       V(il.T.\.,K       IkA.N.-^KOKMKK 
P.XRTLV    .\SSKMItLK.D 


Hi,,    .s — iiit.ii     \.'i.i.\T     .  .v»:> -.  ■-..'•.. 
WITH   k.\ti:rn.\l  b.arrikr  removkd 


l*"ig.  9  shows  the  transformer  with  external  barrier  partially  as- 
sembled, and  Fig.  10  shows  the  transformer  c()m])lete  in  tank.  N'o 
attempt  was  made  to  produce  an  artificial  distribution  of  poten- 
tial over  the  surface  of  the  e.xternal  barrier  of  this  transformer 
which  was  made  of  fullerboard.  on  account  of  the  im])ossibility 
of  obtaining  true  cylindrical  surfaces  with  such  material,  .\fter 
this  transformer  was  comj^leted,  it  withstood  successfully  the  tests 
given  in  Table  I.  applied  in  succession.  The  potentials  indicated 
by  needle  point  spark  gap  were  35  percent  higher  than  given  by 
ratio.  .\t  a  later  date,  the  transformer  was  excited  so  as  to  give 
by  ratio  a  potential  of  r>j3  000  volts  etTective  .-il>ovc  ground  with- 
out the  terminal   in  place. 
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The  form  of  transformer  next  in  degree  of  simplicity  is  de- 
signed to  operate  with  the  middle  point  of  its  high  tension  wind- 
ing grounded.  Instead  of  one  transformer  designed  to  operate  in 
this  manner  being  used,   two   transformers,   like   that   already   de- 

TABLE  I 


High  Tension  Potential 
Above  Ground  By  Ratio 

Time  of  Application 

400000  volts 
450  000      " 
500  000      " 
525  000      " 
573  000     " 

I       minute 

0.5 

I 

I 
10      seconds 

scribed,  may  be  used,  and  while  it  is  somewhat  more  costly  to 
make  two  such  transformers,  there  are  advantages  in  having  two 
units  that  can    be    used    for    testing   independently.     When  two 


FIG.    9 — HIGH    VOLTAGE    TRANSFORMER    WITH     EXTERNAL    BAR- 
RIER   PARTLY    ASSEMBLED 

transformers  are  used  in  this  way,  the  difference  of  potential  ob- 
tainable with  the  same  conditions  of  insub.tion  stress  is  double 
that  of  one.  Thus  tw:0  transformers,  each  capable  of  producing 
500,000  volts  to  groutid,  when  so  combined  will  be  equivalent  to 
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a  one   million   \olt   transformer   with   the   middle   point  grounded. 

The    design    of    a    transformer  to  operate  with  the  middle  point 

grounded  may  be  made  according  to  the  scheme  shown  in  Fig.  ii. 
A  transformer   is   sometimes   required    capable    of    operating 

with  either  end  of  the  high  tension  winding  grounded.     A  design 

for  such  a  transformer 
may  be  made  according 
to  the  scheme  shown  in 
Fig.  12.  Tile  insula- 
ting structure  between 
the  groups  of  coils  on 
different  phases  may  be 
made  \\\)  of  flat  sheets, 
in  which  case  the  sur- 
face potential  may  be 
such  as  to  give  a  uni- 
form field.  Instead  of 
a  structure  of  flat  sheets, 
a  cylindrical  structure, 
completely  surrounding 
the  groups  of  coils  on 
each  phase,  may  be 
used,  in  wiiich  case 
the  proper  potential  dis- 
tribution is  such  as  will 
produce  in  the  struc- 
ture a  field  of  logarith- 
mic potential.  Besides 
acting  as  insulation  be- 
tween the  two  groups 
of  coils,  the  cylindrical 
structure  forms  part  of 
the  insulation  to  ground, 
but  is  hardly  practi- 
cable on  account  of  the 

high  cost  of  insulating  cylinders  of  very  large  diameter. 

CORE    TYPE    TRANSFORMERS     FOR     POLVI'H.VSE    CIRCUITS 

Conditions  of  operation  on  polyphase  circuits  aie  somewhat 
different  from  those  on  single-phase  circuits.  .\  brief  description 
will  be  given  of   the  changes   required   to  adapt   the  schemes   for 


KIG.    lO — ONE-HALF   OF    A    ONK    MILLION    VOLT 
TRANSFORMKR 

One   high   tension    terminal    is   grounded    in 
each  half. 
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insulating  transformers  shown  in  the  last  section  to  polyphase 
circuits.  For  grounded  three-phase  star  systems,  the  scheme 
shown  in  Fig.  6  may  be  used  unchanged.  For  ungrounded  star 
systems  this  design  may  be  modified  by  the  addition  of  extra  in- 

TOP  AND  BOTTOM  CONDUCTORS  ARE  CONNECTED  TOGETHER  BY  A  STRIP 
OF  COPPER  FLUSH  WITH  THE  SURFACE  OF  THE  INSULATING  CYLINDFRS. 


TERMINAL  COCL 


GROUND  CONNECTOR 


Fig.  11       Insulation    Scheme    and    Coil   Arrangement  for  Trans- 
former Designed  to  Operate  with  Middle  Point  Grounded 


Fig.  12      Insulation  Scheme  for  Transformer  Designed  to  Operate 
WITH   Either   End   Grounded 

sulation  between  core  and  windings  to  protect  against  stresses  due 
to  one  wire  becoming  grounded.  The  insulation  included  in  the 
coil  grouping,  in  this  case,  should  ht  considered  as  a  separate 
region,  because  external  bodies  may  have  their  potentials  changed 
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Fig.  13 — Insulation  Scheme  for  Transformer  Designed  to  Operate 
ON  Star  System  with  Ungrounded  Neutral 


TERMrHAL  COIL 


TERMINAL  COIL 


Fig.   14 — Three-Phase  Transformer  to  Operate  on  Circuit  with 
Neutral  Point  Grounded 


TERMINAL  COI 


Fig.   15 — Three-Phase  Transformer   Designed  to  Operate  on  Un- 
grounded System 
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relatively  to  the  winding.  Accordingly,  the  potentials  of  the 
windings  themselves  will  also  be  raised  or  lowered  relatively  to 
external  bodies.  Therefore,  to  maintain  the  electric  fields  in  the 
coil  grouping  and  included  insulating  structures  unchanged,  it  is 
necessary  to  consider  all  this  space  as  a  separate  region.  The 
intensity  at  each  point  within  this  region  will  then  be  independent 
of  the  potential  of  the  coils  relative  to  ground.  For  the  region 
external  to  the  winding  included  between  the  cylinder  and  coils 
of  lowest  potential  of  the  winding  system  and  the  core,  the  proper 
potential  distribution  over  the  surface  may  be  obtained  by  means 
of  a  system  of  concentric  cylindrical  condensers  of  equal  capa- 
city, varying  in  length  by  equal  steps,  according  to  the  principle 
used  in  the  condenser-type  terminal.  A  scheme  of  insulation  for 
such  a  transformer  is  shown  in  Fig.   13. 


Fig.  16  Fig.  17 

For  delta  connection,  transformers  may  have  a  modification 
of  design  shown  in  Fig.  12,  additional  strength  between  windings 
and  core  being  secured  to  take  care  of  stresses  when  one  winding 
becomes  grounded.  Figs.  14  and  15  show  polyphase  transform- 
ers  designed   according  to   the   principle. 

SHELL    TYPE    TRANSFORMERS 

The  arrangement  and  connections  of  the  high  and  low-ten- 
sion coils  of  a  shell  type  transformer  designed  to  operate  with 
one  end  permanently  grounded  are  shown  in  Figs.  16  and  17. 
Here  the  coils  themselves  correspond  to  the  equipotential  surfaces 
of  one  region,  their  potentials  decreasing  progressively  from  No.  i 
to  No.  9.  In  the  regions  included  between  the  coils  and  iron, 
the  surface  potential  is  determined  by  the  coils  themselves,  so  as 
to  produce  approximately  a  uniform  field.  Fig.  16  shows  a  sec- 
tion through  the  middle  of  the  group  at  right  angles  to  the  plane 
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of  the  core  laminations,  while  Fig.  17  shows  a  section  of  one 
side  of  the  coils  parallel  to  the  plane  of  the  laminations.  A  single 
group  only  has  been  shown.  If  more  groups  arc  used,  each 
group  may  be  wound  in  the  same  way,  and  insulated  from  the 
adjacent  low  tension  winding  and  iron,  according  to  the  potential 
of  the  outer  coils. 

A  shell  type  transformer,  designed  to  operate  with  its  middle 
point  grounded,  may  be  made  up  of  two  groups  connected  as 
shown   in   Fig.    18,  the   inner  coils  of   each  group  being  the  high 
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Fig.    18 — Sheli.-Type     Transformer     Designed  to  Operate     witm 

Middle  Point  Grounded 

potential  coils,  and  the  outer  being  connected  to  the  iron  and  case 
anrj  grounded. 

For  polyphase  .systems,  modifications  of  the  designs  shown 
above  may  be  used.  These  modifications  are  of  the  same  nature 
as  those  required  to  adapt  core  type  single-phase  design  to  de- 
signs for  oi)cration  on  polyphase  circuits,  an<l  need  not  Ik  gone 
into  any   further. 

-M'PLIC.VTION    OK    THE    I'KINCIl'LE    TO    TliK    DKSK'N    oK    oITLKT 
TERMINALS    .\ND    INSULATORS 

In   core    type    transformers,   designed   according   t"    ili-     prin- 
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ciple,  the  outlet  terminal  forms  part  of  the  insulation  swslcm  of 
the  transformer,  and  must  be  designed  in  accordance  with  the 
same  principle.  One  way  of  doing  this  would  be  to  produce  with- 
in the  body  of  the  terminal  a  logarithmic  potential  by  means  of 
rings  of  tin  foil  connected  to  the  proper  points  of  the  transformer 
winding.  This  method,  however,  is  not  convenient.  A  better 
plan  is  to  obtain  the  required  surface  potential  distribution  by 
means  of  a  system  of  concentric  condensers. 

The  condenser  type  terminal,  as  it  is  commonly  called,  affords 
a  conspicuous  example  of  the  successful  application  of  the  prin- 
ciple stated  in  this  paper.  As  commercially  made,  this  terminal 
consists  of  a  series  system  of  concentric  cylindrical  condensers 
of  equal  capacity,  so  arranged  that  the  ends  of  the  conducting 
cylinders  form,  at  the  outer  surfaces  of  the  terminal,  a  potential 
distribution  corresponding  to  that  of  a  uniform  field,  the  e([ui- 
potential  surfaces  of  which  are  at  right  angles  to  the  axis  of  these 
cylinders.  To  conform  therefore  to  the  principle  stated  in  this 
paper,  the  space  external  to  the  terminal  must  be  bounded  by  two 
infinite  parallel  conducting  planes  perpendicular  to  the  axis,  one 
at  the  tip  and  the  other  at  the  end  of  the  conducting  cylinder  of 
largest  diameter,  and  connected  to  the  conducting  cylinders  at 
these  points.  In  practice,  this  condition  is  approximated  by  plac- 
ing a  disk-shaped  conducting  body  at  the  end  of  the  middle  cyl- 
inder, and  making  the  surface  of  the  cover  through  which  the 
terminal  passes  as   free   from   projections   and   ridges  as   i)ossible. 

A  comparative  test  has  been  made  on  a  terminal  of  this  type, 
first  with  a  small  disk,  and  then  with  a  large  one.  which  illus- 
trates in  a  remarkable  way  the  importance  of  the  proper  applica- 
tion of  the  principle.  The  terminal  when  tested  with  a  small 
disk,  at  a  potential  above  ground  of  300  000  volts,  showed  signs 
of  corona,  which  extended  to  the  rings  at  the  edges  of  the  tin 
foil  cylinders  at  350000  volts.  At  400000  volts,  the  whole  ter- 
minal was  lit  up  with  corona.  It  was  not  found  advisable  to 
raise  the  voltage  above  420000  volts  for  fear  of  rupturing  the 
terminal.  The  small  disk  was  then  replaced  by  a  large  one  five 
feet  in  diametr  and  one  foot  thick  with  semi-circular  edges. 
With  this  disk  the  terminal  showed  no  signs  of  corona  up  to 
573  000  volts.  These  potentials  are  those  obtained  by  ratio.  By  a 
needle  spark  gap,  the  values  indicated  were  35  percent  higher. 

There  are  other  ways  of  constructing  a  terminal,  depending 
upon  the   same  principle.     For  example,   instead   of   using  a   sys- 
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tern  of  concentric  cylindrical  condensers,  a  system  of  parallel  disk 
condensers  of  equal  capacity  might  be  used,  the  diameter  of  the 
disks  being  such  that  the  distribution  of  potential  over  the  sur- 
face of  the  internal  region  of  the  terminal  will  correspond  to  a 
logarithmic  potential,  with  proper  relations  between  the  inside 
conducting  cylinder  and  the  inside  edge  of  the  outer  disk.  The 
intensity  within  the  terminal  may  be  limited  to  any  assigned  value. 
A  terminal  designed  in  this  manner  would  occupy  more  space 
than  the  condenser  type  terminal,  but  might  have  advantages 
where  it  is  desirable  to  make  the  overall  length  as  short  as  possible. 
A  transmission  line  insulator  consists  of  a  system  of  conden- 
sers in  series.  To  obtain  an  equal  division  of  potential  difference 
between  insulators,  is  not  the  only  requirement  of  a  successful  de- 
sign. This  condition  may  actually  be  obtained,  and  yet  the  sys- 
tem of  insulators  wnll  break  down  at  a  very  much  lower  potential 
difference  than  the  sum  of  the  breakdown  strengths  of  each  in- 
sulator. The  strength  of  the  system  may  be  increased  by  apply- 
ing the  principle  stated  in  this  paper.  Accordingly,  if  the  units 
of  which  the  insulator  is  composed  are  equally  spaced,  and  have 
each  the  same  capacity,  the  high-  and  low-potential  conducting 
surfaces  which  are  insulated  from  each  other  by  the  insulator 
should  be  so  designed  as  to  give  as  nearly  as  practicable  a  uni- 
form field  corresponding  to  the  potential  distribution  at  the  outer 
surface  of  the  insulator.  For  example,  Fig.  19  illustrates  an 
element  of  an  insulator,  which  consists  of  a  metal  bell,  so  de- 
signed that  it  may  be  used  as  the  electrode  of  the  adjacent  insula- 
tor. A  dielectric  compound  is  moulded  into  the  above  mentioned 
bell,  so  that  it  will  have  a  recess  for  the  adjacent  bell  to  nest 
into.  The  surface  of  the  dielectric,  which  is  intercepted  between 
two  adjacent  bells,  is  moulded  so  as  to  conform  to  the  lines  of 
force  of  the  electric  field  between  the  two  adjacent  bells.  A  nest 
of  these  may  be  used  as  a  high-voltage  insulator,  and  each  insul- 
ator will  take  up  approximately  an  equal  share  of  the  difference 
of  potential,  but  in  order  to  obtain  the  highest  efficiency  from  the 
insulator,  an  arrangement  of  parallel  discoidal-shaped  electrodes, 
like  those  shown  in  Fig.  19,  must  be  used.  The  external  field 
will  then  be  substantially  uniform,  and  agree  with  the  division  of 
potential  between  the  individual  insulators.  The  efficiency  of  the 
combination  is  thereby  increased  in  exactly  the  same  way  that  the 
efficiency  of  a  condenser  type  terminal  as  an  insulator  was  in- 
creased by  the  addition  of  the  large  disk,  namely,  because  it  com- 
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pleted  the  surface  distribution  of  the  region  surrounding  the  ter- 
minal in  accordance  with  the  principle. 

A  unit  insulator,  made  according  to  the  above  plan,  conforms 
to  the  law  of  similar  fields.  Thus,  if  the  dimensions  are  doubled, 
the  breakdown  voltage  is  doubled.  The  cost  of  an  insulator  of 
this  kind  will  vary  approximately  as  the  cube  of  the  voltage.  If, 
by  some  such  method  as  that  outlined  in  the  last  paragraph,  the 
efficiency  of  a  nest  of  insulators  can  be  made  to  equal  that  of  each 
individual  unit,  and  if  this  can  be  done  at  a  reasonable  cost,  then 
the  cost  of  an  insulator  of  this  type  will  vary  directly  with  the 
voltage  for  which  it  is  designed.  It  is  therefore  obvious  that  an 
insulator,  consisting  of  a  nest  of  small  insulators,  would  cost  less 
than  a  large  single  insulator  designed  for  the  same  voltage.     The 
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principle  may  be  applied  to  suspension  type  insulators,  also,  as 
shown  in  Fig.  2o.  Other  types  of  insulators  besides  those  shown 
may  also  be  assisted  by  the  application  of  this  principle,  but  the 
advantage  to  be  gained  is  not  so  evident  as  in  the  type  shown. 

MISCELLANEOUS    APPLICATIONS 

The  well  known  principle  of  the  guard  ring  is  a  particular 
case  of  the  principle  stated,  and  so  also  is  the  method  of  protect- 
ing instruments  by  means  of  grounded  metallic  coverings.  The 
principles  gives  the  method  by  which  a  given  electric  field  may 
be  maintained  constant  within  an  enclosed  region,  independent  of 
the  influence  of  external  bodies.  It  may  therefore  be  used  to 
protect  systems  of  charged  bodies  from  the  influence  of  other 
bodies.  There  seem  to  be  many  possible  applications  of  the  prin- 
ciple in  high-voltage  investigations. 


NOTES  ON  ELECTRIC  FIELD   DISTRIBUTION* 

W.  S.    FRANKLIN 
Professor  of  Physics.  Letiigh  University 

In  response  to  repeated  requests  for  a  detailed  explanation  of  the 
electrostatic  theory  outlined  and  applied  in  the  important  paper  by  Mr. 
C  Fortescue,  which  was  read  before  the  American  Institute  of  Elec- 
trical Engineers  on  March  14,  the  following  discussion  was  prepared 
by  Prof.  Franklin.  Mr.  Fortescuc's  article  on  "A  Study  of  Insulation 
Problems"  in  this  issue  contains  the  greater  part  of  tlie  paper  men- 
tioned.—  (Ed.) 

THE  following  propositions  are  extensively  used  in  theoreti- 
cal discussions  of  electrostatics : 
a — Any  eqnipotcntial  surface  may  he  wholly  or  in  part 
replaced  by  a  thin  metal  sheet  zvithout  disturbing  an  electric  field 
distribution.  Thus  Fig.  i  shows  the  lines  of  force  between  two 
metal  cylinders  A  and  B.  The  dotted  line  represents  an  equipo- 
tential  surface,  and  this  equipotential  surface  may  be  replaced 
wholly  or  in  part  by  a  thin  metal  sheet  without  disturbing  the 
field  between  A  and  B. 


TIC.   2 


b — A  closed  metal  shell  screctis  its  interior  from  all  outside 
electrostatic  effects.  This  action  of  a  metal  shell  may  be  under- 
stood in  terms  of  a  mechanical  analogue  as  follows :  Fig.  3  repre- 
sents a  mass  of  steel  B  completely  separated  from  a  surrounding 
mass  of  steel  A  by  an  empty  space.  The  steel  B  remains  un- 
stressed however  the  steel  A  may  be  stressed,  because  stress  can- 
not be  transmitted  across  an  empty  space.  Fig.  4  rciircstiits  a 
mass  of  dielectric  B  comi)letcly  separated  from  the  surrounding  di- 
electric A  by  a  metal  shell.  The  dielectric  B  remains  unstressed 
however  the  dielectric  A  may  be  stressed,  because  electrical  stress 
cannot   be   transmitted   through   metal.     A    very   rapidly   changing 


•From  the  Journal  of  lli,-  rrauk'.in   fnslitutt'.  by  permission. 
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electrical  stress  can,  however,  be  transmitted  through  metal  to  a 
slight  extent. 

THE    METHOD    OF    ELECTRICAL    IMAGES 

It  is  easy  to  formulate  mathematically  the  distribution  of  electric 
field  due  to  an  electric  charge  which  is  thought  of  as  being  con- 
centrated at  a  point  or  along  a  line,  and  the  formulation  of  ideal 
problems  of  this  kind  furnishes  the  basis  for  the  solution  of  some 
of  the  important  practical  problems  in  electric  field  distribution. 
Thus  the  fine  lines  in  Fig.  5  represent  the  electric  lines  of  force 
around  a  long,  straight  linear  charge  (a  charge  on  a  fine  wire, 
the  wire  being  very  small  and  perpendicular  to  the  plane  of  the 
paper).     The  potential  at  any  point  p  in  Fig.  5  is  equal  to 

2Q   loge  r  —  2Q   loge  fo, 
where  r  is  the  distance  of  the  point  p  from  the  axis  of  the  wire, 
Q   is  the  charge  per  unit  length  of  the  wire,  and  r^  is  the  dis- 

A A 

A 


metal 
shell 


FIG.    3 


FIG.    4 


tance  from  the  axis  of  the  wire  to  the  chosen  region  of  zero  po- 
tential. This  expression  for  the  potential  due  to  a  linear  charge 
is   fully  discussed   in  most  text-books  on  electrostatics.. 

The  equipotential  surfaces  in  Fig.  5  are  cylinders,  as  repre- 
sented by  the  dotted  circles.  If  the  inner  circle,  in  Fig.  5,  be 
replaced  by  a  solid  metal  rod  and  the  outer  circle  by  a  hollow 
metal  cylinder,  as  shown  in  Fig.  2,  the  electric  field  in  the  inter- 
vening space  will  remain  unaltered.  Therefore  the  distribution 
of  electric  field  around  an  ideal  linear  charge  as  shown  in  Fig.  5 
leads  to  the  solution  of  the  problem  of  the  distribution  of  electric 
field  in  the  insulation  of  a  cable  as  shown  in   Fig.  2, 

Fig.  6  shows  the  electric  field  distribution  between  two  long, 
straight,  parallel  equal  but  oppositely  charged  lines,  the  lines  be- 
ing at   right   angles   to   the   plane   of   the   paper.     The   expression 


for  the  potential  at  any  point  p  in  Fig.  6  is  2Q  loge 


/    r, 


where  Q   is  the  charge  on  the  lines  per  unit  length,  positive  on 
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one  line,  negative  on  the  other,  r^  is  the  distance  of  p  from  one 
line,  and  r^  is  the  distance  of  p  from  the  other  line.  This  ex- 
pression for  the  potential  due  to  two  linear  charges  is  easily  found 
from  the  expression  for  the  potential  due  to  one  linear  charge. 

The  equipotential  surfaces  in  Fig.  6  are  circular  cylinders  as 
represented  by  the  dotted  circles,  and  the  equipotential  surface 
midway  between  the  linear  charges  is  a  plane.  Fig.  7  shows  two 
of  the  equipotential  surfaces  of  Fig.  6  replaced  by  metal  cylin- 
ders. The  distribution  of  electric  field  between  parallel  metal  cyl- 
inders as  shown  in  Fig.  i  or  Fig.  7  is  the  same  as  the  distribu- 
tion of  electric  field  in  Fig.  6.  Therefore  the  mathematical  form- 
ulation of  Fig.  6  leads  to  the  complete  solution  of  the  problem  of 
electric  field  distribution  around  or  between  parallel  cylinders.* 

A  great  variety  of  particular  problems  relating  to  electric  field 
distributions  can  be  set  up  and  solved  by  the  method  of  images  as 


FIG.    5  FIG.    6 

exemplified  by  Figs  i,  2,  5,  6,  and  7;  and  the  origin  of  the  term 
electric  image  may  be  understood  with  the  help  of  Fig.  8.  The 
electric  field  distribution  between  a  linear  charge  A  and  an  op- 
positely charged  metal  cylinder  BB  is  identical  to  the  electric 
field  distribution  which  would  be  produced  in  the  region  RR  by 
a  line  charge  at  A  and  an  opposite  line  charge  at  B'.  Tiie  easiest 
basis  for  the  mathematical  formulation  of  the  field  RR  in  Fig.  8 
is,  therefore,  to  think  of  the  field  as  being  due  to  the  two  linear 
charges  A  and  B'.  The  fictitious  linear  charge  B'  is  called  the 
electric   image  of  A   with   respect  to  the  cylinder  BB. 

THE  PRODUCTION  OF  ANY  DESIRED  FIELD  DISTRIHUTION  IN  A 
REGION  HV  TIIE  CREATION  OF  PROPER  POTENTIAL  VALUF^ 
EVERV^WHERE    OVER    THE    BOUNDARY    OF    THE    REGION 


•Approximate  formulae  are  nearly  always  used  in  connection  with  the 
problem  of  parallel  cylinders,  however,  because  the  rigorous  formulas  are 
rather  complicated,  as  will  be  understood  by  reading  pages  273  to  277  of 
Franklin's  "Electric  Waves." 
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The  distribution  of  electric  field  in  a  region  depends  upon 
two  things ;  namely,  (a)  the  potential  values  over  the  boundary 
of  the  region  and  (&)  the  distribution  of  electric  charge  in  the 
region.  When  there  is  no  charge  in  the  region  the  boundary 
values  of  potential  determine  the  field  distribution.  Therefore, 
if  it  is  desired  to  produce  any  assigned  field  distribution  in  a 
given  range  (a  field  distribution  which  is  not  associated  with 
electric  charge  in  the  region,  or,  as  it  is  usually  expressed,  an 
electric  field  which  has  no  divergence^  in  the  region),  it  is  suffi- 
cient to  create  the  proper  potential  values  over  the  boundary  of 
the  region. 

Example  i — Fig.  9  represents  the  lines  of  force  surrounding 
a  linear  charge.  The  dotted  circle  in  Fig.  9  represents  a  cylin- 
der parallel  to  the  linear  charge.  Imagine  this  cylinder  to  be 
made  of  narrow  insulated  strips  of  metal  as  represented  by  the 


FIG.   7  FIG.   8 

separate  dots  of  the  circumference,  and  imagine  each  strip  to  be 
brought  by  proper  means  to  a  potential  equal  to  the  potential  at 
the  strip  due  to  the  linear  charge  in  Fig.  9.  We  would  thus 
have  the  potential  fixed  at  every  point  on  the  dotted  cylinder  in 
Fig.  9,  and  the  electric  field  distribution  inside  of  the  cylinder 
would  be  as  shown  in  Fig.  10,  irrespective  of  the  electric  field 
outside  of  the  cylinder.  Fig.  10,  therefore,  is  an  example  of  the 
production  of  a  desired  electric  field  distribution  in  a  given  re- 
gion by  bringing  the  various  parts  of  the  boundary  of  the  region 
to  the  proper  potential  values. 

Example  2 — A  metal  sheet  A  A  (Fig.  11)  is  at  zero  poten- 
tial, and  a  series  of  insulated  metal  strips  BB  very  close  together 
and  perpendicular  to  the  plane  of  the  paper  are  brought  by 
proper  means  to  potential  values  such  that  the  potential   Vp    of 


$A  very  simple  discussion  of  the  important  ideas  of  divergence  and  curl 
is  given  in  Chapter  IX  of  Franklin,  MacNutt  and  Charles's  "Calculus,"  pub- 
lished by  the  authors,  South  Bethlehem,  Pa.,  1913. 
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any  strip  is  proportional  U)  its  distance  x  from  A  A.  Under 
these  conditions  the  region  between  AA  and  BB  will  be  a  uni- 
form electric  field,  as  indicated  by  the  lines  of  force  in  Fig.   11. 

The  method  illustrated  in  Figs.  10  and  1 1  for  producing  any 
assigned  electric  field  distribution  in  a  given  region  is  used  by 
Mr.  Fortescue  in  the  designing  of  insulating  structures.  Let  it 
be  required,  for  example,  to  produce  a  uniform  electric  field 
parallel  to  the  3'-axis  in  the  region  of  the  coarse  lines  of  force 
in  Fig.  12,  and  a  cylindrically  radiating  electric  field  in  the  region 
of  the  fine  lines  of  force  in  Fig.  12.  By  cylindrically  radiating 
field  is  here  meant  a  field  which  radiates  from  the  y-axis  in  an 
uncharged  region. 

Let  us  assume  that  the  cylinder  of  radius  ro  and  the  end 
disks  (/(/  are  at  zero  potential,  and  let  us  consider  the  potential 


p-=-- 


FIG.   9  FIG.    10 

at  any  point  p  of  which  the  co-ordinates  are  .r  and  y.     The  po- 
tential   at  /)    due    to    the    radial     field    is 

k  U)g..  .1-  —  k  logo  ^o, 
where  k  is  a  constant,  on  the  assumption  that  the  radial  field 
reaches  to  p;  and  the  potential  at  /»  due  to  the  uniform  field  is 
// — fy,  where  /  is  the  intensity  of  the  uniform  field.  The  locus 
of  the  points  where  the  two  fields  give  the  same  potential  is  rep- 
resented by  the  dotted  curve  in  Fig.  12,  and  its  e(iuation  is  got- 
ten by  equating  the  above  expressions  for  potential. 

Now,  in  order  that  the  two  fields  as  indicated  in  Fig.  12  may 
be  actually  obtained,  it  is  sufficient  to  have  the  tube  and  the  end 
disks  at  potential  zero,  to  have  the  middle  disk  at  potential  //, 
and  to  provide  a  number  of  rings  of  tin  foil  (as  represented  in 
section  by  the  dots  of  the  dotted  curve  in  I'ig.  12)  along  the 
common  boundary  of  the  two  fields,  these  rings  being  brought  by 
proper  means   to  potentials  which   conform   to  botii   fields. 
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The  radial  field  of  which  the  potential  is 
2Q  loge  r  -\-  2i  constant 
is  the  only  type  of  field  which  can  radiate  from  an  axis  in  a 
region  where  there  is  no  charge.  If  it  is  desired  to  produce  a 
radial  electric  field  which  remains  constant  in  value  with  increas- 
ing distance  from  the  axis,  it  is  necessary  to  provide  a  series  of 
coaxial  cylindrical  leaves  of  metal  as  shown  in  Figs.  13  and  14. 
The  theoretically  correct  shape  of  the  curve  cc  in  Fig.  13  is  an 
equilateral  hyperbola,  because  the  successive  tin-foil  cylinders 
must  have  the  same  area.  No  attempt  is  made  in  Fig.  13  to  rep- 
resent the  distribution  of  the  electric  field  in  the  external  region 
surrounding   the   bushing.     As    a  matter  of  fact,  this  electric  field 
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is  very  greatly  concentrated  in  the  region  immediately  surround- 
ing the  rod  at  the  ends  of  the  bushing. 

Fig.  14  shows  the  method  suggested  by  Mr.  Fortescue  for 
eliminating  the  concentration  of  electrical  stresses  at  the  ends  of 
the  bushing  in  Fig.  13.  There  is  a  constant  potential  difference 
between  successive  tin-foil  cylinders  in  Fig.  14,  and  therefore,  if 
the  potentials  of  the  successive  tin-foil  cylinders  are  to  be  con- 
formable to  the  uniform  electric  field  which  is  represented  by  the 
coarse  lines  of  force  in  Fig.  14,  it  is  necessary  to  terminate  the 
cylinders  along  the  dotted  straight  lines  as  shown  in  Fig.  14. 
With  this  arrangement,  however,  the  tin-foil  cylinders  do  not  all 
have  the  same  area;  and,  therefore,  to  provide  for  equal  potential 
steps  between  successive  tin-foil  cylinders,  it  is  necessary  to  con- 
nect the  successive  cylinders  to  the  proper  points  in  the  winding 
of  the  transformer. 
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UNIFORM    ELECTRIC    FIELD    MODIFIED    BY    A    CYLINDRICAL 

CONDUCTOR 

Fig.  15  shows  the  Hues  of  force  in  the  neighborhood  of  a 
metal  cylinder  of  radius  r  in  a  region  which  would  be  a  uniform 
field  at  right  angles  to  the  axis  of  the  cylinder  if  it  were  not  for 
the  distorting  influence  exerted  on  the  field  by  the  metal  cylinder. 
The  mathematical  formulation  of  the  field  distribution  in  Fig.  15 
is  accomplished  by  the  method  of  images  as  follows : 

Consider  two  opposite  linear  charges  parallel  to  each  other 
and  at  a  distance  dx  apart,  and  let  +  Q  and  —  Q  be  the  charges 
per  unit  length,  w'here  Q.dx  is  a  finite  quantity.  Such  a  pair 
of  linear  charges  is  called  a  linear  doublet,  and  the  product 
Q.dx  (=M)  is  called  the  moment  of  the  doublet.  The  poten- 
tial at  a  point  due  to     a  linear  doublet  is   found  with  the  help 
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of  Fig.    16  as   follows :    The  potential  at  the  point  p   in  Fig.    16 

due  to  the  linear  charge   -\-   Q  \s  2Q   loge    (r  +   A  r),§  and  the 

potential  at  />   due   to  the  linear  charge  —  ()  is  —  2Q  log,   Tq. 
Therefore  the  net  potential  at  p  due  to  the  doublet  is 

2O   [log<?    (r  +  Ar)  —  loge  r]  =  2Q  ^^j^-'^-.  dr 


=  2Q  .dr  =  2Q 

r  r 


'   cose.dx  =  2M  *^"'^ 


The  finding  of  the  mathematical  formula  for  the  distribution 
of  potential  in  Fig.  15  depends  upon  the  finding  of  an  expression 
for  potential  which  will  give  a  constant  potential  over  tiie  sur- 
face of  the  cylinder,  but  which  at  great  distances  from  the  cylin- 
der will  reduce  to  the  potential  which  is  associated  with  the  uni- 
form  field.     This   condition    is   met    by   superposing   the   potential 

§The  undetermined  constant  2Q   log.  r„  is  here  ignored  because  it  4t*ds 
out  anyway. 
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due  to    a    linear  doublet  upon  the  potential   which   is  associated 
with  the  uniform  field. 

The  above  expression  for  the  potential  of  a  linear  doublet  is 
based  upon  the  choice  of  the  jr-axis  in  Fig.  15  as  the  region  of 
zero  potential,  and  the  expression  for  the  potential  which  is  as- 
sociated with  the  uniform  field  in  Fig.  15  is  —  fx,  where  /  is 
the  intensity  of  the  field.  This  field  is  directed  toward  the  left 
in  Fig.  15.  Therefore  the  potential  due  to  the  uniform  field  and 
to  the  linear  doublet  together  is : 


^,        ,,cos0        . 

V  =  2M —fx 

r  ' 

But  X  =  r  cos  6,  so  that  this  equation  becomes 

2M 


V  = 


—  fr]  cos  6 


(I) 


(2) 


If  r  is  the  radius  of  the  metal  cylinder,  this  equation  ex- 
presses the  potential  of  the 
metal  cylinder.  But  the  metal 
cylinder  has  zero  potential,  be- 
cause we  have  chosen  the 
y-axis  as  the  region  of  zero 
potential  in  the  above  discus- 
sion. Therefore,  V  as  given 
by  equation  2  must  be  zero 
^^^-  ^5  when    r  is    the    radius    of    the 

metal  cylinder.     Therefore  the  expression  in  the  parenthesis  must 

be  equal  to  zero,  or  we  must  have : 


M  = 


fr' 


(3) 


which  gives  the  moment  of  the  linear  electric  doublet  to  be  placed 
along  the  axis  of  the  metal  cylinder  in  Fig.  15  to  give  (when 
the  cylinder  is  taken  away)  the  field  distribution  which  exists  in 
Fig.  15  in  the  region  outside  of  the  cylinder.  The  linear  doublet 
is  the  image  in  the  metal  cylinder  of  the  external  influence  which 
is  the  cause  of  the  uniform  field  in  Fig.   15. 

It  is  evident,  from  Fig.  15,  that  the  presence  of  the  metal 
cylinder  produces  a  concentration  of  the  electrical  stress,  the 
maximum  of  stress  being  at  the  point  p.  The  field  intensity  at 
p  may  be  considered  in  two  parts,  namely,  (a)  the  part  — / 
which  is  associated  with  the  uniform  field,  and  (b)  the  part 
which  is  associated  with  the  linear  doublet.     This  second  part  is 

J  T  r 

found  by  taking  the  value  of  -  ,       at  p,  where   V  is  the  poten- 
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tial  clue  to  the  doublet.     But  at  p   (and  all  along  the  .I'-axis)   the 
potential  due  to  the  doublet  is 

V=    ^^^ 

X 

SO  that 

dV  __  2A/  __    2M 
dx  X.,    ~  r^ 

because  x=^r  at  />.  Substituting  the  value  of  M  from  equation 
3,  we  get  — /  for  the  intensity  at  p  of  the  field  due  to  the  doublet. 
Therefore  the  total  intensity  of  the  field  at  p  is  equal  to  2/,  and 
it  is,  of  course,  negative,  being  directed  toward  the  left  in  Fig.  15. 
In  the  above  discussion  the  radius  of  the  metal  cylinder  may 
be  anything  whatever.  Therefore  if  a  wire  of  any  radius  is 
stretched  across  a  region  which,  but  for  the  presence  of  the  wire, 
would  be  a  uniform  field  of  intensity  /  at  right  angles  to  the 
axis  of  the   wire,  then   the  presence  of  the  wire  causes  a  local 


•HI  -Q 

FIG.    16  FIG.   17 

concentration  of  electric  stress  (at  the  point  p  in  Fig.  15),  and 
the  maximum  electrical  stress  thus  i)roduced  is  2/. 

In  the  case  of  two  ordinary  line  wires  the  electrical  stress 
is  greatly  concentrated  near  the  wires,  especially  if  the  wires  are 
small.     Indeed,   the  maximum  stress   in  this  case   is: 

2R  log.(  ^  I 

where  A'  is  the  radius  of  the  wires,  P  is  their  distance  apart 
center  to  center,  and  E  is  the  voltage  between  the  wires.  Now 
this  maximum  stress  may  be  very  large  indeed  for  given  values 
of  E  and  D,  but  the  maximum  stress  is  reduced  to  2  {E -:- D) 
by  superposing  a  uniform  field  of  intensity  (E-r-D)  as  indicated 
in  Fig.  17.  This  exemplifies  Mr.  Fortcscue's  method  of  doing 
away  with  excessive  concentrations  of  stress  by  the  supcr|K>si- 
tion  of   a   uniform   field. 


EFFICIENCY  AND  COST  OF  ELECTRICAL 

HEATING!      ' 

H.  O.  SWOBODA, 
Consulting  Electrical  Engineer,  Pittsburgh,  Pa. 

THE  transformation  of  electrical  energy  into  heat  is  known 
to  take  place  at  an  efficiency  of  one  hundred  percent  and  is 
is  therefore  not  within  our  power  to  make  improvements  in 
this  direction.  We  can,  however,  increase  the  efficiency  of  the 
methods  applied  for  transmitting  the  electrically  generated  heat 
into  the  substance,  the  temperature  of  which  is  to  be  raised.  The 
types  of  heaters,  used  for  transforming  electricity  into  heat  have 
been  described  in  a  previous  article,*  but  little  has  been  stated 
about  the  methods  of  carrying  the  electrically  generated  heat  to 
the  point  where  it  is  required.  Since  the  efficiency  of  all  electrical 
heating  appliances  is  more  or  less  controlled  by  these  methods,  of 
which  there  are  four,  they  will  be  discussed  a  little  more  carefully. 
The  first  method  connects  the  substance,  which  is  to  be  heat- 
ed, into  the  electrical  circuit  of  the  heater  and  produces  the  heat 
in  the  substance  itself.  This  however  is  only  possible,  if  the  lat- 
ter is  an  electrical  conductor  and  if  general  conditions  permit  its 
connection  into  the  circuit.  As  the  heat  is  generated  in  the  very 
material,  for  which  it  is  required,  all  transmission  losses  are  elim- 
inated, resulting  in  an  efficiency  of  one  hundred  percent. 

The  induction  furnace**  applies  this  principle,  by  using  the 
furnace  charge  as  the  secondary  of  the  transformer.  The  total 
efficiency  of  such  a  furnace  however  is  not  more  than  seventy-five 
percent,  comparatively  large  losses  being  suffered  in  the  trans- 
former and  by  some  heat  escaping  from  the  charge  through  the 
furnace  walls  into  the  surroundings.  (To  some  extent,  electric 
arc  furnaces  also  generate  heat  in  the  charge,  due  to  the  resist- 
ance offered  to  the  current  passing  through.)  The  electric  weld- 
ing machinef  applies  the  same  method  of  producing  the  heat  di- 
rectly in  the  spot,  where  it  is  required  i.  e.,  in  those  portions  of 
the  metal,  which  are  to  be  welded  together.  The  losses  are  con- 
fined to  the  transformer  losses  and  a  small  amount  of  heat  lost 
into  the  surroundings,  the  total  efficiency  being  over  90  percent. 
The  electric  fuse  is  another  device  generating  the  heat  in  the 


fThis  is  the  third  and  concluding  article  of  a  series  on  electric  heating. 
The  previous  articles  appeared  in  the  April  and  May  issues. 

*See  the  Journal  for  April,  1913,  p.  353. 
**See  the  Journal  for  April,  1913,   p.  347. 

tSee  the  Journal  for  April,  1913,  p.  352. 
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substance  itself.  h\  this  case  the  only  loss  suffered  is  the  heat 
passing  into  the  surroundings,  the  efficiency,  considering  the  fuse 
as  a  heating  appliance,  being  over  ninety  percent. 

The  second  method  arranges  the  substance  which  is  to  be 
heated  in  such  a  manner  that  it  surrounds  the  electrical  heater 
entirely.  Necessarily  all  heat  generated  and  not  retained  by  the 
heater  itself  must  be  utilized.  For  all  practical  requirements, 
this  method  has  also  an  efficiency  of  one  hundred  percent.  All 
air  heaters,*  such  as  luminous  radiators,  stoves,  street  car  heat- 
ers, belong  in  this  class,  as  the  air,  which  is  to  be  heated,  com- 
pletely surrounds  these  devices,  and  necessarily  receives  all  the  heat 
and  the  efficiency  must  be  one  hundred  percent.  The  same  can 
be  said  about  all  immersion  heaters.  As  the  name  implies,  they 
are  immersed  into  and  completely  surrounded  by  the  substance, 
which  is  to  be  heated,  in  most  cases  a  liquid.  They  are  made 
in  the  form  of  coils,  discs,  cylinders,  tubings,  and  are  used  for 
some  types  of  water-heaters,  sterilizers  and  similar  appliances. 
Their  total  efficiency  depends  entirely  upon  the  provisions  for  pre- 
venting the  substance  from  losing  heat  into  the  surroundings. 
With  proper  protection,  it  is  possible  to  obtain  efficiencies  as  high 
as  ninety-nine  percent.  The  spark  plug  also  belongs  to  this  group, 
as  it  is  always  so  located  that  its  spark  gap  is  enveloped  by  the 
gases,  which  are  to  be  ignited.      Its  efficiency  is  thus  100  percent. 

The  third  method  is  employed  when  the  electrical  heater 
cannot  be  arranged  as  pointed  out  above.  Then  it  becomes 
necessary  to  place  it  as  close  to  the  substance  as  possible  in  such 
a  manner  that,  by  providing  proper  heat  insulation,  a  minimum 
amount  of  heat  passes  from  the  heater  directly  into  the  surround- 
ings. Devices,  built  on  these  lines  and  carefully  designed  have 
efficiencies  from  eighty-five  to  ninety-five  percent.  All  vessels, 
fireless  cookers,  baking  ovens,  enameling  ovens,  hot  closets,  fry- 
ing kettles,  melting  pots,  oil  tempering  baths,  and  in  fact,  most 
domestic  and  industrial  devices,  equipped  with  individual  elec- 
trical heaters,  which  are  so  arranged  that  it  is  difficult  to  deliver 
heat  directly  into  the  surroundings,  belong  to  this  class.  Resist- 
ance furnaces  and  electric  arc  furnaces  are  also  constructed  on  the 
same  principle,  however  their  cfliciency  does  not  exceetl  seventy- 
five  percent,  due  to  their  heat  losses  into  the  surroundings  being 
comparatively  high  on  account  of  tiicir  iiigh  working  temperature. 


►Sec  the  Journal  for  April,  1013.  P-  348. 
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The  fourth  method  covers  all  those  cases,  in  which  it  is  im- 
possible to  prevent  a  considerable  loss  of  heat  into  the  surroundings, 
due  to  the  character  of  the  work  which  is  to  be  performed.  The 
efficiency  of  these  devices  naturally  is  low  compared  with  others, 
nevertheless  it  ranges  between  thirty-five  and  sixty  percent. 
Ranges,  broilers,  disc  stoves,  toaster  stoves,  cigar  lighters,  sad 
irons,  soldering  irons,  branding  irons,  heating  pads,  foot  warmers, 
and    cauterizing    instruments    are    representatives    of    this    class. 

COST 

To  speak  about  the  cost  of  electric  heating  without  making 
a  comparison  with  those  methods  which  have  heretofore  con- 
trolled the  field,  would  be  practically  useless,  because  no  one  cares 
to  adopt  something  new,  unless  the  change  from  the  old  thorough- 
ly-tried-out methods  is  advantageous  in  one  way  or  another.  Table 
I  below  is  made  to  enable  such  a  comparison  in  a  general  way. 

TABLE    I-'COMPARATIVE     COST    OF    HEAT    GENERATED    BY 
COAL,  GAS  AND  ELECTRICITY. 

Coal — Develops  at  an  average  a  heat  of  12000  b.t.u.  per  lb.  The  efficiency 
of  coal  burning  heating  apparatus  averages  about  10  percent.  Ef- 
fective heat  obtained  from  i  lb.  of  coal=i  200  B.t.u.;  from  i  short 
ton  of  coal— 2400000  B.t.u. 

Gas — Develops  at  an  average  a  heat  of  660  B.t.u.  per  cu  ft.  The  effi- 
ciency of  gas  burning  heating  appartaus  averages  about  20  percent. 
Effective  heat  obtained  from  i  cu.  ft.  of  gas=i32  B.t.u.;  from 
1000  cu.  ft.  gas=i32ooo  B.t.u. 

Electricity-~Devt\ops  a  heat  of  3413  B.t.u.  per  kw.-hr.  The  efficiency 
of  electrically  heated  apparatus  averages  about  80  percent.  Efifective 
heat  obtained  from  i  kw-hr.=2  730  B.t.u. 

Based  on  these  figures,  the  same  amount  of  useful  or  efifective  heat  is 
generated  by 

I  kw-hr.  or  20  cu.  ft.  of  gas  or  2^4  lb.  of  coal. 

TABLES  OF  COMPARISON 

showing  prices  at  which  electricity  would  'have  to  be  sold,  to  compete  with 

coal  and  gas,  if  there  would  be  no  other  advantage  in  using 

electrically  generated  heat. 

Coal — Electricity  Gas— Electricity 

per  ton.  per  kw-hr.        per  1 000  cu.  ft.  per  kw-hr. 


$1.50— 

0.17  cents 

$0.10— 

0.2  cents 

2.00— 

0.23  cents 

0.20 — 

0.4  cents 

2.50— 

0.28  cents 

0.30— 

0.6  cents 

300— 

0.34  cents 

0.40 — 

0.8  cents 

3-50— 

0.39  cents 

0.50— 

i.o  cents 

4.00 — 

0.45  cents 

0.60 — 

1.2  cents 

4-50— 

0.51  cents 

0.70 — 

1.4  cents 

5.00— 

0.57  cents 

0.80— 

1.6  cents 

5-50— 

0.62  cents 

0.90 — 

1.8  cents 

6.00 — 

0.68  cents 

I. GO — 

2.0  cents 

1.25— 

2.5  cents 

i.So— 

3.1  cents 

1-75— 

3.6  cents 

Electricity  for  heating  purposes  is  sold  at  the  present  time 
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to  the  general  public  at  prices  ranging  from  three  to  ten  cents 
per  kilowatt-hour,  a  fair  average  being  tive  cents ;  large  consumers 
enjoy  prices  from  one  and  one-half  cents  to  five  cents,  and  in 
the  immediate  neighborhood  of  a  few  hydro-electric  plants  large 
quantities  of  energy  can  be  purchased  as  low  as  three-quarter 
cents  per  kilowatt-hour.  Large  mills,  under  very  favorable  con- 
ditions, can  produce  electrical  energy  for  their  own  use  for  as 
low  as  one-fourth  cent  per  kilowatt-hour.  These  figures  show 
that  the  cost  of  electrical  energy  for  generating  heat,  with  few 
exceptions,  is  higher  than  coal  and  gas  and  that  other  reasons 
for  its  adoption  must  exist.     The  most  important  reasons  are : — 

I — ^The  possibility  of  producing  temperatures  considerably  higber  than 
can  be  obtained  with  coal,  gas  or  any  other  heat  producing  method. 

2 — The  possibility  of  fitting  electrical  heaters  into  places,  where  other 
heating  devices  cannot  be  located. 

3 — The  possibility  of  controlling  the  temperature  absolutely. 

4 — The  superior  quality  of  the  product. 

5 — ^The  saving  in  labor,  either  by  dispensing  with  it  altogether  or  by 
replacing  expensive  skilled  hands  by  cheap  unexperienced  help. 

6 — The  reduced  fire  risk. 

7 — ^The  increased  cleanliness,  improved  sanitary  conditions  and  a  mini- 
mum increase  of  tlie  temperature  in  the  surroundings. 

How  these  advantages  often  more  than  balance  the  higher 
cost  of  the  electric  current  cannot  be  expressed  in  general  rules 
or  formulae  and  thus  the  conditions  under  which  an  electrical 
heating  appliance  can  be  used  to  advantage  must  be  studied  care- 
fully for  each  individual  case.  This  cati  best  be  explained  by  a 
number  of  examples. 

I — The  possibility  of  producing  temperatures  considerably 
higher  than  can  be  obtained  with  coal,  gas  or  any  other  heat  pro- 
ducing method,  enables  the  production  of  materials,  such  as  car- 
borundum, tungsten,  artificial  graphite,  artificial  emery,  calcium 
carbide,  ferro  alloys  and  numerous  others.  The  electric  furnace 
employed  in  this  work  practically  has  created  an  entirely  new  in- 
dustry; before  the  apj)lication  of  electricity  was  possible,  the  ma- 
terials just  named  could  not  be  produced  at  all  or  the  processes 
known  were  not  commercial. 

2 — The  possibility  of  fitting  electrical  heaters  into  places 
where  other  heating  dn'ices  cannot  be  located  is  clearly  demon- 
strated by  surgical  and  dental  tools,  by  the  self-contained  curling 
iron  and  the  heating  pad.  In  all  four  cases  it  is  impossible  to 
locate  any  other  kind  of  a  heating  device  inside  the  appliances, 
due  to  lack  of  space.  If  electric  current  cannot  Ik  had.  then  the 
tools  in  question  must  be  heated  over  a  flame,  the  heating  pad 
must  be  replaced  by  a  hot  water  bag  and  the  heat  thus  supplied 
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steadily  decreases  in  amount,  lasting  for  a  limited  time  only ;  the 
electrical  devices  on  the  other  hand  retain  an  even  temperature, 
as  long  as  the  current  is  turned  on.  This  advantage  more  than 
pays  for  the  difference  in  cost. 

3 — The  possibility  of  controlling  the  temperature  absolutely 
is  very  important  in  heating  steel  to  the  critical  temperature  point 
for  the  purpose  of  hardening.  A  dift'erence  of  only  a  few  de- 
grees influences  the  quality  of  the  product  very  much;  such  an 
error  can  be  avoided  in  the  electric  furnace  with  a  great  deal 
more  ease  and  accuracy  than  in  any  other  type  and  the  higher 
grade  of  steel  resulting  offsets  the  slightly  increased  cost. 

4 — The  superior  quality  of  the  product  is  well  illustrated  by 
the  electric  baking  and  roasting  oven,  applied  in  commercial  cook- 
ing. The  electric  oven  is  the  only  type  of  oven  in  existence  that 
gives  the  same  measured  amount  of  heat  every  time,  distributes 
that  heat  evenly  and  is  entirely  free  from  draught.  Having  once 
made  a  few  tests  on  an  oven,  one  has  the  certainty  of  obtaining 
the  same  conditions  every  time.  All  meat  will  be  roasted  exactly 
alike,  the  loaves  of  bread  will  all  be  of  uniform  quality,  points  of 
vital  importance,  when  large  numbers  of  people  are  to  be   fed. 

5 — The  saving  in  labor  by  applying  electrical  heat  very  often 
pays  for  the  higher  cost  of  the  current.  A  trolley  car  heated 
electrically  does  not  require  any  attention  whatsoever,  as  the  con- 
ductor merely  has  to  turn  the  switch  for  obtaining  heat.  If 
stoves  are  used  instead,  the  cheapness  of  coal  is  well  balanced  by 
the  cost  of  handling  coal  and  ashes  and  increased  repairs,  not 
taking  into  consideration  that  electrical  heat  is  more  uniform  and 
is  not  accompanied  by  dust  and  smoke. 

6 — As  the  fire  risk  by  using  electrical  heaters  in  places,  where 
explosives  or  inflammable  material  is  handled,  is  considerably  re- 
duced, the  fire  insurance  companies  make  allowances  in  their  rates 
and  in  some  cases  permit  nothing  but  electrical  heaters. 

Finally,  increased  cleanliness,  improved  sanitary  conditions 
and  a  minimum  increase  of  the  temperature  in  the  surroundings 
very  often  give  the  electrical  heater  the  preference  over  others 
regardless  of  the  higher  cost  of  current.  This  is  best  illustrated 
by  the  complete  line  of  dining-room  cooking  appliances,  such  as 
toastei:  stoves,  disc  stoves,  water-heaters,  percolators,  teapots, 
chafing  dishes,  frying  pans  and  others,  the  use  of  which  increases 
every  year  and  which  practically  have  no  competition,  as  it  is  safe 
to  say  that  the  few  percolators  and  chafing  dishes  heated  by 
alcohol  flame  are  a  matter  of  the  past. 
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This  fact  that,  in  most  cases,  electrical  energy  is  too  expen- 
sive for  heating  purposes,  unless  advantages  other  than  cost  are 
offered  at  the  same  time,  has  clearly  defined  the  lines  on  which 
the  art  had  to  be  developed  in  order  to  be  a  success.  What  ac- 
tually has  been  accomplished  may  be  judged  from  the  list  of 
commercial  apparatus  available  as  listed  in  Table  II.  This  Table 
shows  the  amount  of  maximum  energy  consumed  by  each  appli- 
ance, which  permits  an  approximate  calculation  of  the  cost  of 
operating,  and  it  also  indicates  that  electrical  heating  appliances 
have  been  standardized  for  a  great  variety  of  domestic  and  in- 
dustrial purposes.  In  fact  it  is  safe  to  predict  that  this  develop- 
ment will  continue  to  go  on  and  on  and  that  electrical  heating 
will  become  quite  general  in  a  not  too  distant  future,  just  as  the 
electric  light  has  superseded  the  gas  light  and  as  the  gas  range  has 
replaced  the  coal  range,  regardless  of  higher  cost  of  operating. 

TABLE  II— CAPACITIES   OF  ELECTRICAL   HE.\TING   DEVICES 

The  heater  capacities,  given  in  this  table,  are  used  by  the  leading  Ameri- 
can and  European  manufacturers  and  represent  a  fair  average  of  standard 
practice.  The  figures  indicate  the  maximum  amount  of  energy  required  to 
raise  the  temperature  to  the  desired  point,  less  energy,  of  course,  being  re- 
quired to  maintain  this  temperature.  When  two  figures  are  given,  both  are 
used,  one  for  slow  and  one  for  quick  action. 

Air   Heaters: — 

Convectors,    smallest    size,    three   heats 600   Watts 

Convectois,    largest    standard    size,    three    lieats 18  000       " 

Luminous   radiators,   f-<iialle«t   size,   one  bulb,   single   heal 250       " 

Luminous  radiator!*,   largest  standard  size,   four  bulbs,   two  heats.  ...  2  000 

Quartzalite    radiator.-*,    smallest    aize,    tw>   heats 600 

i^uartzalitp  radiators,    largest   staiidard   size,   two   heats 1  600 

Shew   window  con\ectors,   cai)acity   jier  running  yard,   single  heat....  3U0       " 

Street   car   heaters,    smallest   unit,    three   heats 2;>0       " 

Street  car  heaters,   largest  standaid   (mit,   three  heats 4S0       " 

Air   humidifiers    (brorichitis    kettles)     600 

Back    rourders,    for   books,    three    heats 300 

Beer   vat    driers,    three    heat.^ 3  000 

Boilers,   double    (cereal   cookers),   small   size   3   pints,   three  heats 440 

Boilers,   double,    largest  standaril   size   6   quarts,   three   heats 1300 

Boilers,  hot  water,  heaters   inside,  smallct^t  size  3   gallons,  tliree   heats.  500 
Boilers,    hot    water,    heatera    inside,    largest   standard    size    100    gallons, 

three    heats     14  000 

Brandii:(f    irons,    single    heat 150    to  660       " 

Broilers,   in  oven   sh.Tpe,   sm-illest  size    16"xl4",   two   heats 2  500       " 

Broilers,  largest   standard  size,  32"x30",  two  heats 10  000       '| 

Broilers,   open  plates,   smallest   size    .S"x7\",    single   heat 660       " 

Broilers,    open  plates,    largest   Rtaiiilard    size   39"xlU",   two  heats 6  400       " 

Caut^ziiig    ii'Btruments,    without   loss   in   controller 30    to  75       " 

Celluloid    heaters,    throe    heats '>"" 

Chaflnr  dishes,   smallest  size   2   pints,   three   heats 

ChaAng  dishes,   largest  standanl  size  3   i>ints.   three  heats 

Chocolate   warmers,    (or   maintaining   ehucolate   in   a    fluid   state    for  dip- 
ping,   smallest    size    \1"xfS\"x!t",    three    heats --0       " 

Chocolate   warmers,   largest   standard   size.   14  >4"x7  S"x6''.   three   hcat».  •'•       *' 

T^igar    lighters,    rontinuous    ser\-ire,    single    heat 

Cigar   lighters,    intermittent    ser^ire,   single    heat 75   to  .^.i 

Circulation  wafer  heaters,  used  in  connection  with  boilers,  smallest  %\te, 

two    heats     '  "W       || 

Circulation    water   heaters,    largest    standaril    size,    two    heats 3  '■'^0 

Coffee   percolators,   smallest    size    1    pint,    single  heat 260   to  i^^ 

Coffee  percolators,   largest   standard   size   4    pints,    three   heats..    360   to  ", 

Coffee   percolators,    restaurant   size,    12   quarts,    single   heat 

Coffee  roasters,  smallest  size  2   to   3  lbs.,   three  heats *"'• 

Coffee  roasters,   largest  standard   size   .''   to   10   lbs.,   thn-e  he«t< S  600       " 

Coffee   urns,    smallest   size   2   gallons,    three   boats.  1  4no 
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Coffee  urns,  largest  standard  size  5   gallons,   three  heats 2500  Watts 

Combs,    heated,    single    heat 50  " 

Corn  poppers,    1   quart,    single   heat 300  " 

Cooking  vessels  with  covers,   smallest  size   2   pints,   three  heats COO  " 

Cooking  vessels,  largest  standard  size,   26  gallons,  three  heats 7  500  " 

Corset    irons,    8 1/2    lbs.,    two    heats 500  " 

Cosmetic    heaters,    single    heat 2  5  " 

Curling    irons,    self-containing,    single    heat 20  " 

Curling  irons,   heater  in   separate  tubing,  single   heat CO    lo  400  " 

Dentist's    tools,    such    as    root    canal    driers,    guttapercha    instruments, 

bleacher    points,    wax    spatulas,    hot    air    syringes    without    loss   ?n 

controller     6   to  30  " 

Disc   stoves,   smallest   diameter   3",   single  heat 100   to  400  " 

Disc  stoves,  largest  standard  diameter   20",   three   heats 2  700  " 

Distilling    apparatus    for   ether,    three    heats aoo  " 

Distilling  apparatus   for  water,   smallest   size    1   quart   per   hour,   single 

heat     1000  " 

Distilling  apparatus,  largest  standard  size  8  quarts  per  hour,  single  heat  C  000  " 

Domestic  Hat  irons,   smallest  size   3   lbs.,   single  heat 200    to  250  " 

Domestic  flat  irons,  largest  standard  size   9   lbs.,  single  heat...    400   to  675  " 

Drag  irons,   smallest  size   30   lbs.,   single  heat 1  400  " 

Drag  irons,  largest  standard  size  50  lbs.,  single  heat 1  GOO 

Egg   boilers,   smallest   size   1    egg,    single   heat 200  " 

Egg  boilers,   largest   standard   size   6    eggs,   three  heats 3G0   to  600  " 

Finishing   (polishing)    irons,   smallest  size   4   lbs.,   two  heats....  250   to  380  " 

Finishing    (polishing)   irons,  largest  standard  size  b^z   lbs.,  two  heats..  450  " 

Fireless   cookers    150    to  060  " 

Flask   heaters,    8  V2"    diameter,    three   heats 500  " 

Flat  plates,   rectangular  or   oval,   used   as   food   warmers,    gridille   plates, 

laboratory  plates,   glue  plates,  smallest  size   4x4",   three   heats....  CO  " 

Flat   plates,  largest  standard   size   80x40",   three   heats 4  500  " 

Foot   warmers,   smallest   size    9"xl0",    single   heat 50  " 

Foot  warmers,   largest  standard   size    10x12",   three  heats 400  " 

Frying  pans,   round,   smallest   diameter  4",   single   heat 300  " 

Frying  pans,  largest  standard  diameter,   12",  three   heats....    1  800   to  2  000  " 
Frying   pans,    rectangular,   with   cover,    smallest    size    10x6 %x5",   three 

heats 1000  " 

Frying   pans,   rectangular,   with   cover,   largest   standard   size    2  4x12x5", 

three     heats     3  300  " 

Furnaces   for  dentists,     with     controller 500  " 

Furnaces  for  heat  treatment  of  tool  steels  and  other  metallurgical  work 

1  800°   F.  maximum,    smallest    size 450  " 

largest   standard    size 4  150  " 

2  000°   F.   maximum,     smallest     size 650  " 

largest    standard    size 15  000  " 

3  600°   F.   maximum,     smallest     size 10  000 

largest    standard    size 7  5  000  " 

Furnace,    Heroult    15-ton   steel,   with   controller 1500  Kw. 

Furnaces,  vacuum  type,  for  laboratory  research  work— 

5   cu.   in.   capacity,   5  600°    F.   maximum 15  Kw. 

125   cu.   in.   capacity,   3  100°   F.  maximum 60  Kw. 

Glove  form,  heaters,   single  heat 50  Watts 

Glue   cookers   with   circulation   water   heaters,    smallest    size    3    gallons, 

three    heats     1  80«  " 

Glue  cookers,  largest  standard  size  25  gallons,  three  heats 7  200  " 

Glue  pots  with  immersed  heaters- — 

smallest  size    %    pint,  three  heats 150  to  330  " 

largest  standard  size   5   gallons,   three  heats 2  500  " 

Gold    annealers    for   dentists   with    controller 400  " 

Goose   irons   for  tailors,    smallest   size   12    lbs 600   to  770  " 

Goose   irons,   largest   standard   size    25   lbs 82  5  " 

Hat   brim    irons,    single    heat 50  " 

Hat   form   heaters,   three   heats 500  " 

Hatters'   irons,    9   to    15   lbs.,   two  heats 450  " 

Heating  pads,  smallest   size   11x15",   three  heats 50  " 

Heating  pads,   largest   standard   size   24x60",   three   heats 400  " 

Hot  air  blowers,  smallest  size,  two  heats 500  " 

Hot  air  blowers,   largest   standard  size,   two  heats 1  400  " 

Hot  water  cups,   smallest  size    V^   pint,   single  heat 150  " 

Hot  water  cups,  largest  standard  size   2  pints,   single  heat 500  " 

Hot  water   (tea  kettles),  smallest  size   1   pint,   single  heat 250   to  300  " 

Hot  water   (tea  kettles),  largest  standard  size   2   quarts,  three  heats.  .  .  750  " 

Hot  water  pitchers,   smallest  size   1    quart,  single  heat 600  " 

Hot  water  pitchers,  largest  standard  size  3   quarts,  single  heat.    660   to  10  000  " 
Hot  water  tanks  for  manufacturing  purposes,  smallest  size   26   gallons, 

two    heats     4  500  " 

Hot  water  tanks,  largest  standard  size  52  gallons,  two  heats 10  000  " 

Immersion   coils,  smallest  size  6%"  diameter,   three   heats 440  " 

nnmersion  coils,  largest  standard  size   11"  diameter,   three  heats 2  500  " 

Inwiersion  heaters,  cylindrical  type,  smallest  size  2  % "  diameter,   three 

heats    300  " 
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Immersion  heaters,   evlimlrical   type,  largest  standard  size   20"  diameter.  Watts 

three    beats     10  000 

Immersion  disc  heaters,  smallest   size   3"   diameter,   two  heats 160       " 

Immersion  disc  heaters,   laruest  stimdard  size  S"  diameter,  two  heats..  660       " 

Immersion   tube   heaters,   smallest   size,    single   heat 170       " 

Immersion   tube  heaters,  lur(?est   standard   size,   single   heat 660       " 

Inhaling   apparatus,   smallest   size    M:    pint,   single    heat 100       " 

Inhaling  apparatus,   largest  standard   size   2  V^    pints,   three   heats 800       " 

Instantaneous  liot  water  heaters,  smallest  size   ^    pint  per  minute,  tem- 
perature   increase    08°    V 600 

Instantaneous   hot   water   heaters,    largest    standard    size    10    quarts    per 

minute,   temperature   increase   130°    V 24  000       " 

Ironing  machine    (mangles),  smallest  size    40"   long,   three   heats 2  400       " 

Ironing  machine,   largest   standard  size   80"   long,    tliree   heats 6  400       " 

Lace    iron,    single    heat 70       " 

Machine  irons   for  tailors,   with   controllers,  smallest  size   12   lbs 770      ." 

Machine  irons  for  tailors,  with  controllers,  largest  standard  size  IS  lbs.  770       " 
Melting  pots   for   pitch,   smallest   size    12"   diameter,    2\^"   deep,   three 

heats     1300       " 

Melting  pots  lor  pitch,  largest  standard  size   15"  diameter,   2M"  deep, 

three    he.its    1  COO 

Melting  pots  for  sealing  wax,  paraflne,  smallest  size   %   pint,  single  heat  SO       " 
Melting  pots  for  scaling  wax,   parafHne,  largest   standard  size   5   quarts, 

three    heats     550       " 

Melting  pots   for   soft   metal    (lead  alloys),  smallest   size    4    lbs.,   three 

heats    200 

Melting  pots  for  soft  metal   (lead  alloys),  largest;  standard  size  50  lbs., 

three    heats     1  500 

Milk  sterilizers   for  S  bottles,  three   heats 7<)i)       " 

Milk    testing   sets,    single   heat 600       " 

Milk   wanners   for   8   ounce   bottles 400   to  500       " 

Oil   tempering  baths,    smallest   size   9   gallon.s,   with   controller   600°    P. 

max.    temp 6  000 

Oil    tempering   baths,    largest   standard   size    37    gallons,   with   controller 

600°    F.   max.    temp 20  000 

Ovens   for   baking,    roasting,   drying,    warming,    enameling,    smallest   size 

14x14x18",    three    heats    .' 200       " 

Ovens  for  bakinir,  roasting,  drying,  warming,  enameling,  largest  standard 

size,    42x:iOxC7",    three    heats 10  000       " 

Potato  cookers,  smallest  size   5  cpiarts,  three  heats 750       " 

Potato  cookers,  largest  standard  size  10  quarts,  tlirce  heats 1  000       " 

Potato  steamers   for  hotels,  smallest  size   20  quarts,   six  heats 3  000       " 

Potato  steamers  for  hotels,  largest  standard  size  50  quarts,  six  heats.  .  4  .')00       " 

Puff  irons,    smallest   size    3x1  V4",    three   heats 155       " 

PufT  irons,   largest  standard   size   6x3  V.!",   three   heats 400       " 

Ranges  for  domestic  and   restaurant   use,      2    to      6    persons 4  000       " 

Ranges  for  domestic  and  n^taurant  use,  6  to   12  persons 5  500       " 

Ranges   for  domestic  and   restaurant   use,    12   to   20   persons 7  500       " 

Sand  box   heaters   for  trolley   cars,   single  heat 100       •• 

Sealing  wax  heaters,   hand   tool    style,   single   heat 75       " 

Shoe   irons,   portable,    sinu'le   handle,    six   heats 100       " 

Shoe   irons,   portable,   double   handle,   six   heats 210       " 

Shoe   relasting  irons,   portable,   single   heat 50       " 

Shoe  warmers,   smallest   size    4"xl  •'V4"x '«j".   single   hc-at 20       " 

Shoe   warmers,   largest   standard   size   8"x3"xl",   single   beat 30 

.Sleeve    irons,    3  Vi    lbs.,    two    heats 300       " 

.Soldering   irons,   smallest   size    10   ounces,   single   heat 75       " 

Soldering  irons,   largest   sl.indaril   size   4 '-v    lbs.,   single   heat 450       " 

Steam  .steiilizers,   small   size    5    quarts,   three  heats 3  500       " 

Steam   sterilizers,   large   size   6   quarts,   three   heats 4  000       " 

Sterilizers  for  Hurgieal  and  dental   instruments,  smallest  size  8"x3  •^"x2'', 

three    heats     350 

Sterilizers    for   surgical    and    dental    instruments,    largest    standard    size, 

24"xr."x4",    three    heils 1400   to  1  SOO 

Sweating  blankets,    60"xl.S",    with   controller ^•'O 

Toaster  stoves   domestic,   portable   type,   single   h<'at 400   to  fiOO 

Toaster   stoves,    restaurant    type,    single    heat 1  500   to  3  ono 

Towel    flr>ers,    three    heats "00 

WatHe    irons,    eai-b    section,    single    heat •'■''•'' 

AVfliling   machines,    smalleitt   sizes 1  000 

Welding    machines,    largest    sizes '  ^^  """^      ** 
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DIRECT-CURRENT  MOTORS— SHUNT  AND  COMPOUND 

MANY  of  the  tests  already  described  for  direct-current  gen- 
erators apply  equally  well  to  direct-current  motors.  How- 
ever, this  is  true  only  in  the  case  of  shunt  and  compound- 
wound  machines.  Series  motors,  being  adapted  for  special  classes 
of  service  for  which  there  is  no  corresponding  type  of  generator, 
require  their  own  methods  of  testing. 

Shunt  and  compound-wound  motors  are  generally  divided  into 
three  classes,  according  to  the  service  for  which  they  are  intended 
as  follows : 

I — ^Machines  designed  to  operate  with  full  voltage  on  the  field. 

2 — ^Machines  designed  to  operate  with  a  rheostat  in  series  with  the  shunt 

field  to  adjust  the  full-load  speed  to  that  desired. 
3 — Adjustable  speed  machines,  designed  to  operate  at  various  speeds  by 

shunt  field  control. 

In  carrying  out  tests,  the  actual  service  conditions  of  each  type 
of  machine  should  be  approximated  as  closely  as  possible.  This 
applies  especially  to  temperature  tests.  It  is  evident,  for  instance, 
that  the  heating  effect  in  the  case  of  a  motor  designed  for  intermit- 
tent service,  such  as  an  elevator  motor,  will  be  quite  different  from 
that  of  a  constant  speed  machine  carrying  a  steady  load. 

The  data  given  in  this  article  was  obtained  from  a  test  of  a  25 
horse-power,  230  volt,  375  to  i  125  r.p.m.  commutating  pole,  com- 
pound-wound motor. 

RESISTANCE,  CORE  LOSS  AND  SATURATION 

The  resistance  of  the  armature  and  fields  is  determined  by 
the  bridge  method,  as  previously  described  for  generators ;  it  is 
also  advisable  to  check  the  values  obtained  by  the  bridge  for  the 
shunt  field  resistance,  by  the  drop  of  potential  method.  The  core 
loss,  no-load  and  full-load  saturation  are  obtained  in  exactly  the 
same  manner  as  for  generators,  the  motor  being  run  as  a  generator, 
as  described  in  the  May  issue. 

TEMPERATURE  TESTS 

For  temperature  runs,  the  motor  should  either  be  belted  or  di- 
rect-connected to  a  generator  large  enough  to  carry  100  percent 
overload  on  the  motor ;  the  generator  may  then  be  loaded  on  a  water 
rheostat  or  by  the  loading  back  method  previously  described. 

Common  Requirements  for  All  Shunt  and  Compound  Motors — 
All  machines  should  be  carefully  inspected  for  mechanical  faults 
before  being  started.   The  brushes  should  be  set  on  the  neutral  and 
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the  bearings  properly  filled  with  oil.  In  starting,  the  shunt  field 
switch  should  always  be  closed  first.  If  the  anuneter  indicates  ap- 
proximately normal  field  current,  the  armature  circuit  may  be 
closed;  a  starting  box  or,  if  none  is  available,  a  suitable 
resistance,  such  as  a  rack  or  water  rheostat,  should  be 
connected  in  series  with  the  armature  and  adjusted  so 
that  the  motor  will  start  gradually.  The  shunt  field  am- 
meter should  be  watched  closely  while  the  machine  is  speed- 
ing up ;  if  it  indicates  a  decreasing  current,  the  field  is  connected 
across  the  armature  starting  resistance,  and  the  motor  should  be 


FIG.    I — HEAT   RUN    ON    A    25    HORSE-POWER   COMPOUND-WOUND    DIRECT- 
CURRENT   MOTOR 

shut  down  immediately;  otherwise  it  may  reach  a  dangerous  speed, 
as  the  armature  resistance  is  cutout.  If  the  motor  is  operating  sat- 
isfactorily, the  resistance  should  be  gradually  cut  out  of  the  arma- 
ture circuit  until  the  machine  has  reached  normal  speed.  In  the 
meanwhile,  an  examination  of  the  oil  rings  should  be  made  to  as- 
certain that  they  are  revolving  and  carrying  up  sufficient  oil,  and 
the  general  operation  of  both  the  motor  and  the  generator  to  be 
used  for  load  should  be  carefully  observed. 

The  load  is  now  brought  up  to  normal  and  a  reading  of  speed, 
line  volts  and  amperes,  field  current  and  voltage  of  each  field  wind- 
ing taken.     In  case  it  should  be  necessary  to  shunt  part  of  the  cur- 
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rent  from  the  commutating  pole  winding  in  order  to  secure  the 
proper  commutation,  the  amount  of  current  shunted  should  be 
noted.  The  same  rule  applies  to  any  case  where  current  is  shunted 
from  the  series  coils  of  a  compound  machine.  In  such  cases,  at  the 
end  of  the  temperature  test,  readings  of  voltage  drop  across  the 
winding  in  question,  both  with  and  -without  shunt,  should  also  be 
taken,  in  order  that  data  may  be  available  for  computing  more  ac- 
curately the  permanent  shunt  which  is  to  be  supplied  with  the  ma- 
chine. This  is  sometimes  done  by  measuring  the  shunted  current 
directly  with  an  ammeter.  The  readings  of  speed,  line  volts,  etc., 
should  be  taken  every  hour  in  case  of  continuous  runs,  and  every 

half -hour  if  the  run  is 
only  one  or  two  hours 
in  duration.  In  fifteen 
minute  runs  a  reading 
is  taken  at  (the  begin- 
ning and  another  at  the 
end  of  the  test.  In  all 
cases  the  rated  voltage 
must  be  held  constant 
a;t  the  terminals,  but  a 
variation  in  the  other 
quantities  is  permis- 
sible. The  condition  of 
the  commutator  should 
be  noted  at  the  begin- 
ning and  end  of  the 
test,  and  the  commu- 
tation at  the  time  of  each  reading.  After  the  field  current  or 
speed,  as  the  case  may  be,  has  become  constant,  which  usually 
takes  from  six  to  eight  hours,  depending  on  the  size  and  type  of 
machine,  the  motor  should  be  shut  down  and  temperatures  taken 
on  the  various  parts.  Hot  resistances  are  also  taken  at  this  time, 
if  required.  Care  should  be  taken  to  obtain  all  temperatures  in 
the  shortest  time  possible,  as  a  machine  that  has  been  shut  down 
will  cool  off  very  rapidly.  The  thermometers,  waste,  and  other 
epuipment  should  be  ready,  and  the  work  should  be  planned  out 
beforehand,  so  that  no  time  will  be  lost  after  shut  down.  In 
taking  resistances,  it  is  well  to  take  first  the  winding  that  tends 
to  cool  off  the  most  rapidly,  which  Vy^ill  ysyally  be  either  the  series 
or  commutating  field. 


FIG.    2 — SPEED    REGULATION    CURVES 

Showing  relations -between  speed  and   cur- 
rent at  maximum  and  minimum  speed  ratings. 
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Special  Application  for  Different  Types  of  Motors — It  is  usual- 
ly necessary  to  vary  the  leiiiperature  runs  slightly  to  suit  the  dif- 
ferent classes  of  motors.  Machines  of  the  first  class  arc  operated 
with  normal  voltage  held  constant  on  the  field,  and  at  rated  values 
of  armature  current  and  terminal  voltage.  Under  these  conditions, 
a  change  in  speed  will  occur  during  the  run,  due  to  heating;  this 
change  in  speed,  however,  should  not  e.xceed  ten  percent  of  the 
full-load  speed,  based  on  the  speed  at  the  end  of  the  run,  and  the 
actual  speed  at  the  end  of  the  run  should  he  within  four  percent 
of  the  rated  value.  On  non-comnuitating  pole  motors,  if  the 
speed  does  not  come  within  this  limit,  tlie  proper  value  may  some- 
times he  obtained  by  shifting  the  brushes,  but  this  should  never 
be  done  at  the  expense  of  good  commutation. 

On  machines  of  the  second  class,  in  which  the  full-load  speed 
is  obtained  by  means  of  a  rheostat  in  series  with  the  shunt  field, 
the  temperature  run  is  made  at  rated  terminal  voltage  and  current, 
the  rated  speed  being  held  constant  throughout  the  test  by  adjust* 
ing  the  rheostat. 

For  motors  of  the  third  class,  or  adjustable  speed  motors,  the 
low-speed  temperature  tests  are  made  with  constant  voltage  on 
the  field,  as  with  machines  of  the  first  class,  while  the  high  speed 
test  is  made  with  the  speed  held  constant  by  varying  the  field,  as 
in  the  second  class. 

STABILITY  TKSTS 

The  stability  of  a  motor  is  the  measure  of  its  ability  to  with- 
stand wide  fluctuations  in  load,  suddenly  api^licd.  without  surging 
of  speed  or  armature  current;  that  is,  with  sudden  change  of  load 
a  stable  motor  will  inherently  adjust  itself  to  the  corresponiling 
speed  and  armature  current  without  oscillation  on  either  side  of 
the  final  values.  The  test  for  stability  is  made  with  the  motor 
connected  up  as  in  the  temperature  run,  and  it  is  determined 
for  a  certain  definite  load.  The  field  of  the  motor  is  first  weak- 
ened to  give  the  high  speed,  and  the  load  on  the  generator  is  a<l- 
justed  to  obtain  the  rccjuired  load  on  the  motor.  The  load  on 
the  generator  is  then  alternately  suddenly  removed,  and  switched 
on.  If  the  motor  is  unstable,  the  speed  will  vary  through  a  wide 
range,  and  the  line  ammeter  needle  will  swing  ba<-k  and  forth 
over  the  scale.  This  test  shtnild  be  repeated  several  times  in  each 
direction  of  rotation,  throwing  the  load  on  and  off  each  lime 
rapidly. 
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Instability  of  a  motor  is  sometimes  due  to  improper  placing  of 
the  brushes,  or  to  incorrect  adjustment  of  the  commutating-field, 
and  care  should  be  taken  that  such  improper  conditions  do  not  exist 
before  a  stability  test  is  made. 

SPEED    REGULATION 

In  general,  speed  regulation  tests  of  motors  are  made  to  de- 
termine the  relation  between  speed  and  load.  The  motor  is  either 
belted  or  direct-connected  to  a  generator  of  sufficient  capacity  to 
carry  lOO  percent  overload  on  the  motor,  as  in  the  temperature  run, 
the  generator  being  loaded  in  any  convenient  manner.      The  speed 

TABLE  I 


Curve  Data — Low  Speed 

Volts 

Armature 
Amperes 

Field 
Amperes 

Total 
Amperes 

R.  P.  M. 

230 

no 

1.66 

1 1 1.66 

37i 

230 

88 

1.66 

89.66 

378 

230 

67 

1.66 

68.66 

382 

230 

45 

1.66 

46.66 

387 

230 

22 

1.66 

23.66 

393 

230 

2.6 

1.66 

4.26 

399 

Curve  Data — ^High  Speed 

Volts 

Armature 
Amperes 

Field 
Amperes 

Total 
Amperes 

R.  P.  M. 

230 

112 

0.33 

112.33 

1072 

230 

90 

0.33 

90.33 

1 125 

230 

67 

0.33 

^7-33 

1 182 

230 

45 

0.33 

45-33 

1248 

230 

23 

0.33 

22.Z3 

1350 

230 

6.75 

0.33 

7.08 

1470 

curve  should  ibe  taken  with  a  shunt  field  current  equal  to  that  ob- 
tained at  the  end  of  the  continuous  temperature  run.  In  many 
cases,  however,  the  motor  is  intended  for  intermittent  service,  and 
the  time  specified  for  the  full-load  run  is  much  less  than  that  re- 
quired for  the  shunt  field  current  to  become  constant;  in  such 
cases  the  field  current  at  the  end  of  the  specified  temperature  run 
should  be  used  for  the  speed  regulation. 

For  this  test  the  brushes  are  set  on  the  running  position  and 
the  motor  started,  observing  the  precautions  given  above.  Then 
for  a  motor  of  this  size  a  curve  of  at  least  six  points  should  be 
taken  covering  loads  from  zero  to  150  percent.  Readings  of  line 
volts,  line  amperes,  field  volts,  field  amperes  and  speed  are  taken 
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for  each  point,  tlie  terminal  voltage  and  shunt  field  amperes  being 
kept  constant  throughout  the  test.  Commutation  is  observed  at 
all  points,  and  at  the  50,  100  and  150  percent  points  brush  poten- 
tial curves  are  taken  as  outlined  in  a  previous  article.  Readings  for 
curve  data  for  the  lower  and  upper  limits  of  speed  range  are  given 
in  Table  I.  The  final  relations  desired  are  those  between  speed  and 
total  or  line  amperes.  The  latter  is,  at  each  point,  the  sum  of  ar- 
mature and  field  amperes,  and  is  plotted  horizontally  in  the  speed- 
load  curves.   Fig.  2. 

The  speed  curve  of  shunt  wound  motors  will  usually  be  nearly 
a  straight  line,  unless  the  armature  reaction  is  very  high,  in  which 
case  the  speed  characteristic  will  be  rising,  particularly  at  the  higher 


FIG.    3 — BR.\KE    TKST    ON     SMALL    HIRKCT-CI'RRENT    MOTDR 

Showing  method  of  mounting  brake  and  measuring  torque, 
loads.      With  compound-wound  motors,  however,  cumulative  com- 
pounding gives  a  drooping,  and  differential  compounding  a  flat  or 
rising  speed  characteristic  as  the  load  increases. 

If  the  commutating-pole  compensation  gives  a  correct  brush 
curve  at  low  speeds,  it  will  probably  over-compensate  as  the  speed 
increases,  resulting  in  a  drooi)ing  curve.  The  voltage  drop  will 
also  be  higher  with  increased  speed,  owing  to  the  greater  resist- 
ance of  the  brush  contact. 

SHUNT  REGULATION 

This  is  essentially  a  test  for  adjustable  speed  motors  to  deter- 
mine the  relation  between  the  shunt  field  current  and  the  motor 
>pced  over  the  rated  range  of  operation. 
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When  the  control  apparatus  is  included  in  the  test,  its  resist- 
ance must  first  be  adjusted  to  give  the  rated  maximum  and  mini- 
mum speeds,  and  the  various  intermediate  points  must  be  arranged 
to  increase  the  speed  between  these  limits  in  equal  steps. 

Methods  of  loading  are  the  same  as  indicated  in  the  speed  reg- 
ulation test,  and  care  should  be  taken  that  the  speed  of  the  loaded 
generator  does  not  become  excessive,  a  change  of  pulley  combina- 
tion being  made  if  necessary.  With  small  motors,  the  generator 
method  of  loading  may  be  replaced  by  the  prony-<brake  method,  as 

shown  in  Fig.  3.  Care 
must  then  be  taken  also  that 
all  conditions  are  constant 
before  taking  a  reading. 

With  normal  voltage  and 
normal  load  kept  constant  at 
their  respective  values 
throughout  the  test,  readings 
of  terminal  volts  and  am- 
peres, shunt  field  amperes 
and  speed  are  taken  at  eight 
or  ten  points,  covering  the 
range  for  which  the  control 
is  set,  the  points  being  sep- 
arated by  equal  differences 
in  speed,  rather  than  in  shunt 
field  current.  Commutation 
is  noted  at  each  point. 
FIG.  4— SHUNT  REGULATION  CURVE  The  rcsults  of    a    typical 

Giving     relation     between     speed     and   ^^^^    q„     ^     25      horse-power 
shunt  field  strength.  .  ^      .      ^  ,  , 

motor  are  given  m  Table  11. 

The  desired  curve,  shown  in  Fig.  4,  is  obtained  by  plotting  speed 
as  ordinates  against  field  amperes  as  abscissae. 

EFFICIENCY  BY   LOSSES 

Instead  of  measuring  the  output  of  a  motor  directly,  efficiency 
(the  ratio  of  output  to  input)  may  be  calculated  by  measuring  the  to- 
tal losses  of  the  motor.  This  can  readily  be  done  from  the  values  of 
core  loss,  friction  and  windage,  shunt  field  current,  and  the  resist- 
ances of  all  current  carying  parts,  most  of  these  values  having  been 
already  obtained  in  connection  with  other  tests.  Loss  readings  at 
no  load  and  at  every  quarter  load  up  to  25  percent  overload  are  suf- 
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ficient  data  for  this  test.  All  other  tests  having  been  taken,  effi- 
ciency can  be  calculated  directly  by  this  method  without  further 
operation  of  the  motor  as  follows  : 

ir=Tcrminal  volts;  rated  voltage  of  the  machine. 
/t=Terminal  amperes  at  any  desired  load. 

/a=^Shunt   field   amperes,   as   obtained    from   temperature   test   or    speed 
regulation. 

/=Armature  amperes  = /t  —  L. 
r=Armature  resistance  hot,  or  at  60  degrees  C. 
ri=:Series  field  resistance  hot,  or  at  60  degrees  C. 
ri=Resistance  of  shunt  on  series  field. 

r,=:Resi stance  of  series  field  with  shunt  =      .     - 

ri  +  rj.  . 

r4=:Commutating-field  resistance  hot,  or  at  60  degrees  C. 

rB=Resistance  of  shunt  on  commutating  field. 

r  X  r 
rg=rResistance  of  commutating  field  with  shunts    *      ' 

r«  +  rj. 


TABLE  II— SHUNT  REGULATION 

Volts 

Armature 
Amperes 

Field 
Amperes 

R.  P.  M. 

230 

90 

1.66 

375 

230 

90 

1-34 

418 

230 

90 

1.036 

491 

230 

90 

0.84 

570 

230 

90 

0.68 

668 

230 

90 

0.58 

760 

230 

90 

0.504 

838 

230 

90                            0.44 

930 

230 

90               I             0.38 

103 1 

230 

90               j             0.33 

1125 

B= Volts  brush  drop  =  — ^  ,  ^  .  . r +  i. 

*       20  X  total  brusJi  area 

Then    R  =  .\rmature    resistance    (r)+ series    field    resistance     (ri  or  r,) 
+  commutating-held   resistance    (r^orr,). 

The  above   formula  for  A'   must   include   the   running   resistance  of   all 
windings  in  series  with  the  armature. 

^rzl  X  R   (total  drop  of  all  scries  windings). 

( I ) — Total  induced  volts  =  E  —  e  —  B. 

(2) — Core   loss  at   total   induced   voltage    (i)    obtained    from   core    loss 
curve. 

(3) — Shunt  field  copper  loss  =  Ex  I,.     This  will  include  the  rheostat  in 
the  shunt  field. 

(4) — Copper  loss  of   the  armature  and  the  windings   in   series   with   it 
=  (Ixe)  or  (I'xR). 

(5)— Brush  loss=  (IxR). 

(6) — Brush  friction,  friction  and  windage. 

Total  losses  =  (2)  +  (3)  +  (4)  -f-  (O  +  (6). 

Input  =  Ex  I,. 

Output  =  Input  —  Total  losses. 

x^rt-  .  Output 

Efficiency  =    ,       , 
■'         Input. 

It  is  simpler  in  this  case  to  calculate  cfticiency  directly   from 

kilowatt  values  rather  than  to  change  over  to  tenns  of  horse-power 
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in  which  the  motor  is  rated.  Then,  efficiency  and  output  being  de- 
termined, the  motor-torque  at  any  point  can  be  determined  as  fol- 
lows: 

Hp  X5250, 


T 


r.p.m. 


where  T  is  the  torque  in  pounds  at  one 


foot  radius  and  r.p.m.  is  the  speed  at  a  given  load  Hp.  The  values 
of  torque  thus  obtained  will  be  slightly  high  owing  to  the  omission 
of  small  load  losses  in  the  motor  which  are  not  considered  in  the 
separate  loss  method.*  The  results  of  a  complete  calculation  for 
the  25  horse-power  motor  used  in  connection  with  this  article  are 
given  in  Table  III, 

TABLE  III— COMPLETE   CALCULATION   FOR   25   HORSE-POWER, 
COMPOUND-WOUND  DIRECT-CURRENT   MOTOR 


Approximate   Load,    Per- 
cent  

Lin«    Amperes    It 

Shunt    Field   Amperes .  Is 
Armature    Amperes.  .  .  .1 

Terminal    Volts E 

Arm.,    Ser.    &    Com.    F. 

Volts     e 

Brush     Drop     B 

Total     Drop e  -f  B 

Total   Induced    V 1 

Core    Loss     2 

Shunt    Field    Loss ....  3 
Arm.,    Ser.    &    Com.    F. 

Loss     4 

Brush    Loss     5 

Brush    Friction     

Friction    and    Wdg 

Total  Losses 


Watts  Input  . 
Watts  Output 
Efficiency     .  .  . 


HP     Input     

HP    Output     

Speed    (from    curve)  , 
Torque     


0 

25 

50 

75 

5 

22 

45 

67 

1.66 

1.66 

1.66 

1.66 

3.34 

20.34 

43.34 

65.34 

230. 

230. 

230. 

230. 

.4 

2.80 

5.98 

9.0 

0.0 

1.17 

1.36 

1.55 

.4 

3.97 

7.34 

10.55 

229. e 

226.03 

222.66 

219.45 

430 

406 

390 

375 

381 

881 

381 

381 

1.5 

57 

259 

588 

0 

24 

69 

108 

00 

60 

60 

60 

120 

120 

120 

120 

992.5 

1048 

1269 

3632 

1150 

5060 

10350 

15410 

158 

4012 

9081 

13778 

13.7 

79.3 

87.8 

89.5 

1.54 

6.78 

13.86 

20.65 

.21 

5.38 

12. IS 

18.4S 

398. 

898. 

387. 

382. 

2.77 

71.9 

165.2  1 

254. 

100 
90 
1.66 

88.34 
230. 

12.17 

1.74 

13.91 

216.09 

355 
381 

1075 

154 
60 

120 
2145 

20700 
18555 
89.6 

27.7 
24.9 

377. 

347. 


125 
112 

1.G6 
110.34 
230. 


15 

1 

17 


2 

93 

,lo 


212.87 

343 

381 

1677 

213 

60 

120 
2794 

25760 
22966 

89. 2 

34.5 
30.75 

373. 

433. 


Brake  Tests — Brake  tests  of  any  kind  are  inherently  difficult  to 
conduct  accurately,  so  that  the  more  precautions  taken  when  mak- 
ing the  test,  the  more  reliable  the  results  will  be.  The  length  of  the 
brake  arm  must  be  measured  horizontally  from  a  perpendicular 
line  through  the  center  of  the  shaft  to  the  point  at  which  the  beam 
rests  on  the  scales.  The  tare  of  the  brake  arm  must  be  determined 
before  each  test ;  this  should  be  done  by  supporting  the  brake  beam 
with  its  complete  equipment  horizontally,  the  one  end  resting  on 
the  scale  platform  as  in  operation,  the  other  supported  by  a  knife 


*See  in  A.  I.  E.  E.  Proceedings,  paper  by  Mr.  E.  M.   Olin,  July,   1912, 
and  paper  by  Messrs.  Olin  and  Henderson,  February,  1913. 
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edge  from  the  point  at  which  the  perpendicular  through  the  cen- 
ter line  of  the  shaft  intersects  the  brake  arm.  The  weight  shown 
on  the  scales  under  these  conditions  will  be  the  tare  of  the  brake 
arm,  and  to  this  must  be  added  the  weight  of  any  other  materials 
on  the  scale  platform  during  the  test.  Good  condition  of  the  brake 
pulley  is  essential  in  this  test.  It  must  be  in  good  mechanical  bal- 
ance and  must  run  true,  as  otherwise  it  will  cause  the  brake  arm  to 
vibrate  badly,  resulting  in  very  unsatisfactory  scale  readings.  Th; 
pulley  must  be  kept  at  a  reasonably  constant  temperature  while 
taking  the  reading,  as  a  sudden  change  in  temperature  will  cause  a 
change  in  load,  because  of  the  brake  band  becoming  either  tight 


FIG.   5 — COMPLETE    RESULTS    FROM    TEST    GIVING    MOTOR- 
PERFORMANCE  CHARACTERISTICS 

or  loose  on  the  pulley.  This  can  be  avoided  by  keeping  the  brake 
pulley  cool  with  a  stream  of  cold  water  flowing  into  tlic  pulley  ft 
carry  off  the  heat. 

The  speed  and  torque  curves  can  be  taken  separately,  the  for- 
mer by  belting  to  a  generator,  as  previously  described,  and  the  lat- 
ter by  brake ;  the  two  tests  are  then  combined  to  make  the  brake 
test.  The  only  reason  for  separating  the  tests  is  to  obtain  a  bet- 
ter speed  curve,  due  to  the  more  steady  load  obtained  by  belting 
The  same  meters  should  be  used  in  making  separate  speed  and 
torque  tests  to  be  combined  for  eftkiency  curves,  and  the  line  volts, 
field  amperes  and  machine  adjustments  must  be  the  same  for  each 
test.      Preferably  the  two  curves  should  be  taken  at  the  same  lo- 
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cation,  so  that  the  meters  will  be  kept  in  the  same  positions,  avoid- 
ing changes  in  local  conditions  that  might  affect  their  accuracy.  In 
all  brake  tests,  the  precautions,  as  given  above  for  brake  arm,  hav- 
ing been  taken  and  the  field  connections  having  been  checked  as  in 
the  speed  regulation  test,  the  motor  is  started,  the  brake  arm 
meantime  being  held  to  avoid  accident  due  to  its  swinging  around 
in  case  the  motor  should  happen  to  start  in  the  wrong  direction. 
After  the  motor  is  running  correctly,  the  shunt  field  current  is  ad- 
justed to  the  required  value  and  the  no-load  reading  is  taken.  From 
this  point  the  tension  on  the  brake  band  will  adjust  the  load  to  the 
points  desired  between  zero  and  125  percent  load.*  At  each  point, 
the  desired  load  having  been  obtained,  the  torque  must  be  held 
constant  on  the  scales  and  the  readings  taken  when  the  scales  are 


FIG.    6 — RUNNING   A   COMMERCIAL   TEST   ON    A    DIRECT-CURRENT   COMMUTATING 

POLE   COMPOUND-WOUND    MOTOR 

evenly  balanced.  In  a  test  offering  so  many  possibilities  for  inac- 
curacy several  check  readings  should  be  taken  of  the  current  at 
each  point  and  the  average  of  these  used  for  the  correct  reading. 
A  set  of  readings  for  a  typical  test  of  this  nature  is  given  in  Table 
IV.  The  results  of  these  readings  can  be  most  clearly  shown  by 
plotting  speed  and  torque  curves  against  line  amperes  as  abscissae, 
as  given  in  Fig.  5.  Then  from  the  curves  select  speed  and  torque 
values  at  points  of  even  values  of  current,  using  values  in  Table  V. 
The  smooth  curves  having  been  plotted  from  the  values  of  speed 
and  torque,  brake  horse-power  can  be  calculated.     This  should  be 


*For  methods  for  securing  automatic  tension  adjustment  to  maintain  a 
constant  load,  see  the  Journal  for  June,  1912,  p.  577,  and  February,  1907, 
p.  118. 


TESTING  OF  ELECTRICAL  APPARATUS 


69: 


plotted  also,  against  line  amperes,  and  since  the  values  are  taken 
from  true  curves,  the  brake  horse-power  curve  should  pass  through 
all  the  points.  If  some  of  the  points  are  slightly  off  the  curve,  effi- 
ciency should  be  calculated  from  points  actually  on  the  curve  from 
the  following  formula : 

Brake  hP  .= '^^'"^"^^  R- P- ^• 
5250 

171     ^  •     I  iir>       Line  volts  X  line  amperes 

Electrical  H  P  — ^ 

740 

Efficiency  -  ^T^l^^HP 
r-mciency  _  ^^^^    ^^ 

Values  of  brake  horse-power,  electrical  horse-power  and  effi- 
ciency, as  calculated  from  this  formula  and  the  preceding  table,  are 


TABLE  IV— 

BRAKE  TEST— OBSERVED  DATA 

Volts 

Armature 
Amperes 

107 

Field 
Amperes 

Line 
Amperes 

R.  P.  M. 

Torque 

230 

1.66 

108.66 

372 

415 

230 

87.2 

1.66                88.86 

379 

339 

230 

65.5 

1.66        1        68.16 

381 

255 

230 

44-3 

1.66                45.96 

3S7 

166 

230 

23 

1.65            ;            24.66 

393 

80 

230 

304 

1.66 

4/0 

398 

0 

given  in  Table  VT.  The  various  curves  are  worked  up  from  the 
values  obtained  from  preceding  curves,  instead  of  actual  test  values, 
in  order  that  all  curves  shall  check  amongst  themselves.  All  curves 
are  then  plotted,  with  line  amperes  as  abscissae  and  all  other  val- 

TABLE  V— BRAKE  TEST— DERIVED  DATA 


Volts 

1 

Line  Amperes 

R.  P.  M. 

Torque 

230 

no 

374 

421 

230 

00              1 

377 

343 

230 

70 

381 

263 

230 

50              ' 

3«6 

182.5 

230 

30              1 

394 

102.4 

230 

20 

3*11 

62.5 

230 

10 

397 

22 

ues  as  ordinates. 
in   Fig.  5. 


The  results  of  a  complete  brake  test  arc  given 


COMMERCI.\L  TESTS 


When  motors  are  built  in  large  quantities,  or  when  they  have 
becotne  standardized  for  given  ratings  and  characteristics,  a  com- 
plete   engineering    test    is  not  necessary  for  every  machine.     In- 
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stead,  when  a  few,  as  typical  of  a  given  lot,  have  been  tested  thor- 
oughly, the  rest  are  given  only  such  tests  as  will  demonstrate  their 
conformity  to  the  requirements  of  their  particular  design.  This  is 
known  as  "commercial"  testing,  and  is  usually  carried  out  with  ref- 
erence to  limits  based  on  the  results  of  the  complete  engineering 
test.  In  order  to  introduce  an  occasional  check  on  this  method, 
however,  where  a  given  type  of  machine  is  built  in  very  large  num- 
bers, a  motor  is  selected  from  the  lot  at  regular  intervals  and  given 
a  complete  test. 

The  procedure  in  a  typical  commercial  test  is  as  follows,  the 
motor  in  this  case  being  a  constant  speed,  commutating  pole  ma- 
chine :  first,  all  brushes  are  properly  spaced  and  ground.  They  are 
then  replaced  by  others — especially  adapted  for  finding  the  neutral 
position — ^which  are  bevelled  evenly  on  each  side,  leaving  only  suf- 

TABLE  VI— DATA  FOR  EFFICIENCY  CURVE 


Line  Amperes 

Brake  Hp 

Electric  Hp 

Efficiency 

no 

29.95 

33.9 

88.4 

90 

24.63 

27.74 

88.7 

90 

19.07 

21.57 

88.4 

SO 

13.42 

15.42 

87.1 

30 

7-^3 

9.25 

82.5 

20 

4.69 

6.17 

76 

10 

1.665 

3.08 

54 

ficient  surface  in  the  center  to  span  a  single  commutator  mica  seg- 
ment. So  narrow  a  brush  surface  enables  speeds  to  be  taken  in 
each  direction  of  rotation  without  any  change  in  brush  contact, 
which  is  likely  to  occur  with  the  regular  brushes  when  new,  un- 
less extreme  care  is  taken  in  grinding  and  adjusting  them. 

The  motor  is  then  belted  up  to  a  generator  capable  of  car- 
rying at  least  25  percent  motor  overload,  and  all  precautions  taken 
as  to  mechanical  operation  of  both  machines.  Just  before  starting 
a  reading  of  field  current  should  be  taken  at  normal  voltage.  The 
motor  is  then  started  and  the  neutral  point  determined  by  taking 
speeds  in  each  direction  of  rotation  at  normal  full  load,  as  described 
in  a  previous  article.*  Stability  is  checked  at  125  percent  load,  and 
at  any  higher  value  required,  and  then  complete  full-load  readings 
of  line  volts,  line  amperes,  field  volts,  field  amperes  and  speed  are 
taken,  the  motor  being  checked  meanwhile  for  commutation  and 
noise.      A  no-load  reading  with  specified   field  current  completes 


♦The  Journal,  April,  1913,  P.  375. 
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the  operating  test,  and  it  only  remains  to  make  the  standard  insu- 
lation test. 

Commiitatiny  Pole  Elevator  Motors — Elevator  motors  require 
characteristic  commercial  tests,  owing  to  their  special  operating  re- 
quirements. They  are  divided  into  three  classes,  depending  on  the 
conditions   under   which   they   are   to  operate. 

Class  I — Motors  whose  operating  speeds  are  obtained  hy  weakening  the 
field,  the  field  being  fully  excited  only  at  the  time  of  starting. 

Class  II— Motors  whose  shunt  field  is  continually  excited  whether  the 
motor  is  operating  or  not. 

Class  III— Motors  designed  for  very  intermittent  duty,  such  as  certain 
freight  elevator  service. 

The  essential  information  in  connection  with  these  motors  is 
that    regarding   temperature    characteristics    and    accordingly    these 


FIG.    7 — A    SKKltS   OF    PANELS    WITH    PLUG    BOARD    USED    IN    CONNECTION    WITH 
THE   TESTING   OF    SMALL   DIRECT-CURRENT    MOTORS 

tests  are  for  the  most  part  temperature  runs.  Motors  of  Class  I 
arc  run  for  15  minutes  at  normal  current  and  voltage,  and  two- 
thirds  maximum  speed  rating.  With  motors  of  Class  II,  the  arma- 
ture being  held  at  a  stand  still,  the  shunt  field  is  excited  for  a 
short  time  with  a  current  sufTicicnt  to  increase  the  field  drop  by 
15  percent,  which  gives  the  estimated  temperature  condition^iof 
the  field  for  continuous  excitation  at  normal  voltage.  The  m'>t')r 
IS  then  run  for  15  minutes  at  rated  amperes,  voltage  and  speed. 
Motors  of  Class  III.  being  for  very  intermittent  duty  only,  are 
run   for   10  minutes  at  normal  rating. 

At  the  beginning  and  end  of  each  test,  readings  must  be  taken 
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of  armature  amperes,  armature  volts,  field  amperes,  field  volts  and 
speed,  and  the  values  obtained  must  check  within  the  limits  of 
the  standard  machine  of  the  same  design  on  which  a  complete  en- 
gineering test  has  been  run.  Special  care  must  be  taken  on  shut- 
ting down  that  all  temperatures  are  taken  as  rapidly  as  possible,  as 
the  high  temperature  at  which  these  motors  operate  decreases  very 
rapidly  on  cessation  of  load.  All  temperature  tests  should  be  start- 
ed with  the  machine  cold  and  not  after  the  completion  of  any 
other  test  that  might,  to  any  extent,  heat  the  motor. 

With  few  exceptions  the  series  fields  of  these  motors  are  for 
use  at  the  instant  of  starting  only,  and  so  should  be  cut  out  of  the 
circuit  during  the  temperature  test.  However,  after  its  completion, 
the  motor  should  again  be  started  up  with  the  series  winding  con- 
nected in  and  a  reading  of  speed  taken  with  the  motor  operating  at 
normal  load,  voltage  and  shunt  field  current,  care  being  taken  that 
the  motor  does  not  operate  more  than  five  minutes  under  this  con- 
dition as  the  series  field  winding  is  likely  to  overheat.  After  com- 
pletion of  the  temperature  test  the  motor  should  be  shut  down,  belt 
and  pulley  removed,  and  again  started  up,  this  time  running  idle, 
readings  being  taken  of  armature  amperes,  armature  volts,  field  am- 
peres and  speed,  normal  voltage  being  impressed  on  the  armature 
and  the  field  current  used  being  that  obtained  at  the  end  of  the 
temperature  test.  These  readings  are  sufficient  to  check  any  ma- 
chine with  the  standard  machine  of  the  same  design  on  which  a 
complete  engineering  test  has  been  made.  The  commutator  should 
now  be  cleaned,  the  shaft  polished,  and  a  complete  mechanical  in- 
spection made.  If  this  is  satisfactory,  the  motor  may  now  be  shut 
down,  all  wires  disconnected,  and  the  test  completed  by  the  required 
over-potential  insulation  test.  For  elevator  motors  of  the  non- 
commutating  pole  type,  the  test  is  similar  to  the  above,  variations 
occurring  only  to  meet  varying  operating  conditions. 

SPECIAL  TESTS  FOR  DIRECT  CURRENT  MOTORS 

Frequently,  for  engineering  purposes,  direct-current  motors  are 
subjected  to  special  tests.  The  more  common  of  these  are  field 
form  tests  and  saturation  of  commutating  pole  winding,  which  are 
carried  out  in  the  same  manner  as  given  in  the  previous  article 
under  generators. 


STROBOSCOPIC   METHOD  OF  MEASURING 
INDUCTION  MOTOR  SLIP 

C.  W.  KINCAID 

IN  measuring  the  slip  of  induction  motors  by  the  stroboscopic 
method,  a  disk  with  painted  sectors,  usually  black  and  white 
for  contrast  and  generally  with  the  same  number  of  black  sec- 
tors as  the  motor  has  poles,  is  mounted  on  the  shaft  of  the,  motor. 
When  this  disk  is  rotated  rapidly,  the  colors  on  the  sectors  blend 
and  produce  one  color.  The  separate  colors  can  be  seen  either  .by 
rapidly  interrupting  the  light  from  the  disk  to  the  eye  or  by  vary- 
ing the  intensity  of  the  light  on  the  disk.  The  light  from  the  disk 
to  the  eye  may  be  interrupted  by  looking  at  the  disk  through  an- 
other rotating  disk  with  alternate  sectors  cut  out.  Fig.  i,  thus  al- 
lowing any  point  on  the  painted  disk  to  be  seen  only  at  certain  posi- 
tions of  the  perforated  disk.  In  this  method  such  a  second  disk 
is  fastened  to  the  shaft  of  a  synchronous  motor  placed  in  such  a 
position  that  the  disk  on  th  induction  motor  may  be  seen  while  look- 
ing through  th  disk  on  the  synchronous  motor,  which  of  course  runs 
i„jy^,.^^  ■_  at  a  speed  directly  proportional 

—  y  to  the  frequency  of  the  supply 
circuit.  When  the  synchronous 
motor  has  the  same  number  of 

chroDOus 

Motor         poles    as    the    induction    motor, 
^^^-  ^  the  number  of  sectors  cut  out 

is  made  the  same  as  the  number  of  black  sectors  on  the  painted 
disk,  l)ut  not  necessarily  the  saine  as  the  number  of  poles.  If  the 
number  of  poles  of  the  synchronous  motor  available  is  not  tiie 
same  as  the  nunil)er  of  poles  of  the  induction  motor,  the  number 
of  black  painted  sectors  on  the  induction  motor  disk  and  the  sec- 
tors cut  out  of  the  synchronous  disk  should  bear  the  same  relation 
as  the  numbers  of  poles  on  the  two  machines. 

When  both  disks  are  rotating  at  the  same  speed,  and  one  is 
viewed  by  looking  through  the  other,  the  i)ainted  disk  will  aj^pcar  to 
be  standing  still.  An  induction  motor  usually  runs  at  a  lower  speed 
tiian  synchronism,  thus  causing  the  segments  on  the  painted  disk 
to  appear  to  be  .shifting  backwards.  This  .shifting  has  the  appear- 
ance to  the  eye  of  a  steady  rotation  backwards.  The  number  of 
revolutions  the  painted  disk  appears  to  rotate  in  a  given  time  nuilti- 
plied  by  TOO  and  divided  by  the  number  of  revolutions  a  .synchro- 
nous motor,  having  the  same  number  of  i>oles.  makes  in  the  same 
time  will  give  the  percent  slij)  of  the  induction  motor. 


^L-^  ^^M    ^     Synchr. 

^^■^^  Motoi 
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Instead  of  the  synchronous  motor  and  the  perforated  disk,  a 
carbon  arc  lamp,  or  mercury  arc,  connected  to  the  same  electric 
circuit  as  the  motor,  may  be  used  to  illuminate  the  painted  disk, 
which  in  this  case  must  have  the  same  number  of  black  sectors  as 
there  are  poles  on  the  motor.  The  intensity  of  light  from  the  arc 
varies  during  each  alternation  approximately  with  the  current,  as  in 
Fig.  2,  passing  from  a  maximum  to  a  low  value  when  the  current 
passes  through  zero  and  becoming  a  maximum  again  when  the  cur- 
rent reaches  a  maximum  value  in  the  other  direction.  Thus  the 
disk  will  have  a  maximum  illumination  once  during  each  alternation 
and  the  disk  will  be  seen  better  at  this  time.  If  the  motor  is  run- 
ning at  synchronous  speed,  it  will  move  one  pole  per  alternation 


Rotation 


(a) 


® ®®® ® ® 


Observed  Rotation 
Actual  Rotation 


(c) 


®  ^^  ®  ®  ® 


FIG.   2 


a — Positions  of  perforated  disk  on  four-pole  synchronous  motor  at  suc- 
cessive alternations  or  quarter   revolutions. 

b — Approximate  shape  of  curve  of  light  intensity  from  arc  lamp  com- 
pared with  approximate  current  curve. 

c — Positions  of  painted  disk  on  induction  motor  at  successive  alterna- 
tions. Black  section  seems  to  be  displaced  counter-clockwise  1/24  of  a  revo- 
lution, or  162/3  percent  slip. 

and,   having  as   many   black   sectors  as  poles,  one  sector  will  move 

up  to  the  position  of  the  one  next  ahead  once  every  alternation. 

Since  the  disk  is  seen  best  once  every  alternation,  the  black  sectors 

will  appear   in  the   same  position   and   seem   to  be   standing  still. 

When  the  motor  is  running  below  synchronous  speed,  the  sectors 

will  be  brightest  when  the  disk  has  moved  only  part  of  the  way 

from'  one  sector  to  the  next,  so  that  each  black  sector  will  be  seen 

shifted  a  little  back  of  the  position  the  sector  ahead  occupied  at  the 

previous  alternation.     At  the  next  alternation  it  has  lost  twice  the 

distance  and  appears  farther  back,  and  so  on  in  rapid  succession, 

making  the  disk  seem  to  rotate  in  a  backward  direction. 
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If  a  sector  appears  to  be  shifted  one-tenth  of  the  distance  be- 
tween sectors  each  alternation,  or  from  one  sector  position  to  the 
next  in  ten  ahernations,  the  slip  is  one  out  of  ten  or  ten  percent. 
Since  this  time  and  space  is  too  short  to  be  measured  and  seen, 
the  readings  are  taken  for  a  minute  or  longer.  The  number  of 
revolutions  the  disk  appears  to  rotate  per  minute  is  the  actual 
number  of  revolutions  per  minute,  that  the  motor  falls  below  syn- 
chronous speed.  This  lumilxT  multiplied  by  100  and  divided  by 
the  synchronoous  speed  gives  the  percent  slip. 

For  example,  assume  an  eight  pole,  60  cycle  motor  and  that 

the  disk  seems  to  move  as  above.     The  disk  has  eight  black  sectors 

and  seems  to  move  one  sector  in  ten  alternations.      At  60  cycles  there 

are  7  200  alternations  per  minute,  therefore  the  disk  will  seem  to 

720 
move  720  sectors  or--^— ^  90  revolutions  per  minute.     This  gives 

o 

ten  percent  slip,  the  synchronous  speed  being  900  r.p.m.  If  the 
frequency  is  not  known,  the  synchronous  speed  may  be  obtained  by 
adding  the  revolutions  slip  per  minute  to  the  speed  of  the  motor. 
It  is  more  convenient  in  this  method  to  use  a  stop  watch  to  find  the 
time  required  to  make  a  certain  number  of  revolutions,  as  only 
one  thing  needs  to  be  watched  at  a  time. 

For  instance : — On  a  60  cycle,  eight  pole  motor,  it  took  20  sec- 
onds   for  the   disk   to   api)ear   to   rotate   ten    revolutions ;   that   is 

f        X   10  =  I  30  r.p.m.,  which  divided  by  the  synchronous  speed 

/60  X   120     \  ,  ,.       .         R.  X   P 

(  g =1    900.    gives    3-1/3    percent    slip,    i.e.,   ^  ^   ^  ^  = 

percent  slip. 

Where  S  =  time  in  seconds  to  slip  the  number  of  revolutions 
counted. 

Rs  =  Revolutions  of  disc  in  time  observed. 

P  =  number  of  poles  for  which  the  machine  is  wound. 

This  method  is  more  easily  applicable  on  low  slips  than  *.n\ 
high,  as  when  ihc  slip  becomes  much  over  100  per  minute,  it  is 
difficult  to  count.  Either  method,  however,  can  be  used  to  go<.)d 
advantage  after  the  necessary  apparatus  has  been  properly  arranged 
and  with  quite  satisfactory  results.  In  the  first  method,  a  small 
synchronous  motor  may  be  arranged  for  regular  use  in  this  way. 
and  it  is  then  only  necessary  to  put  a  painted  sector  disk  on  the 
shaft  of  the  induction  motor  under  test. 


APPLICATION  OF  TEMPERATURE  RELAYS 

BENJAMIN  H.  SMITH 

IN  recent  sub-station  designs,  considerable  attention  has  been 
paid  to  the  elimination  of  the  human  factor  and  the  produc- 
tion of  a  practically  self-operating  plant.  This  has  been  ac- 
complished in  the  case  of  electric  distribution  systems  in  numer- 
ous instances,  with  entirely  satisfactory  results.  Efforts  have 
been  made  to  extend  this  principle  to  the  more  purely  mechanical 


Exploring  Coils 

FIG.  I — DIAGRAM  OF  CONNECTIONS,  SHOWING  COM- 
PLETE LAYOUT  OF  PROTECTIVE  APPARATUS  FOR  A 
SINGLE  PUMPING  OUTFIT 

features  of  substation  apparatus,  a  good  example  of  which  is  af- 
forded by  an  installation  recently  made  for  the  city  water  supply 
of  Memphis,  Tenn. 

Part  of  the  water  for  the  city  is  derived  from  a  number  of 
artesian  well  pumping  stations.  Each  of  these  stations  consists  of 
a  100  horse-power,  60  cycle,  three-phase,  220  volt  induction  mo- 
tor, direct-connected  to  a  centrifugal  pump,    with    the    necessary 
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switches,  valves,  etc.  In  the  past  it  has  been  necessary  to  have 
an  attendant  at  each  station  to  be  on  the  look-out  for  overload, 
overheating  and  iiigli  water  pressure.  The  expense  for  attend- 
ance has  been  a  considerable  item  and,  in  order  to  reduce  the  c«jst 
of  up-keep,  a  form  of  apparatus  was  installed  which  shuts  down 
the  motor  automatically  in  case  of  over-heating,  over-load  or  ex- 
cessive water  pressure.  The  latter  two  requirements  were  easily 
met  with  standard  devices,  but  a  special  design  was  necessary  to 
provide  protection  against  over-heating. 

The  general  arrangement  of  the  apparatus  for  this  purpose 
is  shown  in  Fig.  i,  which  is  typical  of  the  installations  in  the 
various  pumping  stations.  Overloads  are  provided  for  by  two 
overload  relays  operating  through  current  transformers,  and  a 
water  pressure  relay  designed  to  trip  the  circuit  breaker  when  the 

water  pressure  reaches  75  pounds,  takes 
care  of  accident  to  the  water  mains.  The 
function  of  the  temperature  relay  is  to 
guard  against  overheating  in  those  parts  of 
the  apparatus  in  which  it  is  most  likely  to 
occur.  All  relays  operate  through  a  relay 
switch  which  is  adjusted  to  open  the  no- 
voltage  release  circuit  in  case  any  of  the 
relay  contacts  should  close,  due  to  abnormal 
FIG.    2— i.NTERNAL    CON-    couditious   iu   tlicir   respective  circuits.     To 

STKICTION     UF    TEMPER-      ,        •,-.    .       .1         i  .•  r      ,  ,  • -.-        , 

ATiKK  REL.\Y.  iNDicAT-    lacilitatc  the  locatmg  of  the  ditTiculty  a  sys- 
iNG  SIMILARITY  TO  IN-   tem  of  aunuuciators  placed  in  the  various 

I)L(T10N    TVPK    METER  •  „        •      i-       .  i   •    ,  ,  . 

Circuits  indicates  which  relay  has  operated. 
Three   temperature    relays   are   provided,    one    for   the   motor 
winding  and  one.  each  for  the  bearings  of  the  motor  and  of  the 
pump.     These    relays    consist    in    general    of    an    aluminum    disc 
pivoted   to   rotate  between  two  coils  of  the   driving  magnet   in  a 
manner  similar  to  that  employed  in  the  construction  of  induction 
type  meters,  as  shown  in  Fig.  2.     Rotation  of  the  disc  closes  a 
contact  and  operates  the  circuit  breaker  through  the  relay  switch 
and  no-voltage  release.     The  general  arrangement    of    the    relay 
circuit  follows  the  plan  of  a  Wheatstone  Bridge  as  indicated  in 
^''K-  3.  hut  instead  of  being  oi)erated  fnmi  a  battery  in  the  man- 
ner of  the  ordinary  resistance  bridge,  the  220  volt,  60  cycle  line  is 
taken  as  the  source  of  power.     The  main  win.ling  of  the  magnetic 
circuit  in  the  relay  proper  forms  two  sides  of  the  bridge,  a  third, 
consisting  of  approximately  500  ohms  of  adjustable  resistance  with 
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practically  zero  temperature  coefficient.  The  fourth  side  of  the 
bridge  is  formed  by  an  "exploring  coil,"  which  is  arranged  on  the 
bearmgs  of  the  motor  in  such  a  way  that  its  temperature  is  com- 
pletely controlled  by  that  of  the  part  to  be  protected.  This  ex- 
ploring coil  is  of  about  500  ohms  resistance,  and  consists  of  No.  36 
copper  wire  wound  around  some  eight  feet  of  rope,  arranged  so 
as  to  permit  the  placing  of  the  coil  in  the  most  advantageous  po- 
sition to  be  affected  by  the  changes  in  temperature  of  the  motor 
or  bearings.     The  coil  itself  is  thoroughly  insulated  from  the  ap- 


UMmu 


FIG.  3 — SCHEMATIC  DIAGRAM,  SHOWING  INTERNAL 
CONNECTIONS  AND  PRINCIPLE  OF  OPERATION  OF 
TEMPERATURE    RELAY 

paratus  around  which  it  is  wrapped  by  insulating  tape  as  shown 
in  Fig.  4.  Since  copper  has  a  temperature  coefficient  of  about 
0.4  of  one  percent  per  degree,  a  rise  of  50  degrees  C  in  temper- 
ature will  increase  the  resistance  of  the  coil  to  some  600  ohms. 
In  an  ordinary  Wheatstone  bridge  such  unbalancing  of  the  resis- 
tance would  cause  considerable  current  to  flow  through  the  gal- 
vanometer coils;  in  this  case  the  galvanometers  are  replaced  by 
the  torque  producing  coils  of  the  temperature  relay  and  a  rise 
of  50  degrees  will  produce  a  torque  of  approximately  five  gram- 
centimeters  on  the  aluminum  disc. 
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By  means  of  an  adjustable  resistance  and  a  retarding  spring 
acting  on  the  disc,  the  relay  may  be  set  to  operate  at  any  given 
temperature  within  a  wide  range.  The  adjustment  is  so  made 
that  at  ordinary  temperatures  an  approximate  balance  will  exist 
between  the  two  sides  of  the  bridge,  and  practically  no  current 

will  flow  through  the  torque  coils.  As  the 
temperature  increases,  however,  and  with  it 
the  resistance  of  the  exploring  coil,  current 
will  commence  to  flow  through  the  torque 
coils,  but  the  retarding  spring  will  pre- 
vent rotation  of  the  disc  far  enough  to 
close  the  contacts,  until  the  temperature 
reaches  the  point  for  which  the  relay  has 
been  adjusted.  The  current  through  the 
magnetizing  coils  will  then  produce  a  torque 
sufficient  to  overcome  the  effect  of  the  spring 
and  the  relay  will  operate,  whereupon  the 
circuit  breaker  opens.     Adjustment  is  usu- 

FIG.    4 — TEMPERATURE    RE-  ^  •' 

LAY  WITH  FLEXIBLE  EX-   ally  made  so  that  the  relay  will  stop  the  mo- 
PLORi.vG  COIL.  ^Qj.    ^YiQj^    the    temperature    of    bearing    or 

winding  reaches  75  or  80  degrees  C. 

Temperature  relays  such  as  these  afford  very  simple  protec- 
tion in  locations  where  over-heating  of  apparatus  is  liable  to  oc- 
cur. The  design  of  the  exploring  coil  is  such  that  it  can  be  fit- 
ted to  any  fixture  regardless  of  shape  or  location,  while  the  re- 
lays themselves  may  be  mounted  at  some  distance  in  a  position 
where  they  may  be  readily  inspected. 


The  Journal  Question  Box 


OURo  subscribers  are  invited  to  use  this  department  as  a  means  of 
securing  authentic  information  on  electrical  and  mechanical  subjects. 
The  topics  should  be  of  general  interest  and  care  should  be  used  to  include 
all  data  necessary  for  an  intelligent  answer. 

A  stamped,  self-addressed  return  envelope  should  accompany  each 
inquiry.  c-Address  all  questions  to  Question  Box  Department,  care  THE 
ELECTRIC  JOURNAL,  200  Ninth  Street,  Pittsburgh,  Pa. 


926 — Record  of  Oscillating  Cur- 
rents— I  am  anxious  to  obtain 
some  definite  information  regard- 
ing the  obtaining  of  a  photographic 
record  of  the  oscillating  currents 
which  occur  in  a  condenser  dis- 
charge having  resistance  and  in- 
ductance in  circuit.  The  frequency 
of  these  oscillations  is  of  a  high 
order  and  the  ordinary  oscillograph 
will  not  indicate  them  of  course. 
The  Braun  Tube  method  and  one 
originated  by  Ruhmer  using  the 
Geissler  tube  having  electrodes  of 
axially  arranged  wires  separated  at 
the  center  by  a  thin  mica  sheet,  and 
a  rotating  mirror  seem  both  to 
have  something  more  nearly  what 
'I  want  However  I  cannot  find 
data  of  a  definite  nature  on  either. 
What  can  be  shown  by  both  or 
other  methods  in  the  way  of  indi- 
cating the  wave  form  and  the  in- 
tensities of  currents? 

J.  G.  Z.    (WISCONSIN) 

Photographs  of  the  discharge  spark 
itself  can  be  made  easily  at  high  fre- 
quencies by  the  revolving  mirror 
method,  but  to  obtain  delineation  of 
the  current  is  of  course  more  diffi- 
cult, although  possible  at  lower  lim- 
its. In  all  methods  the  constants  of 
the  discharge  circuit  are  made  suffi- 
ciently large  to  create  a  fre- 
quency low  enough  to  permit  good 
recording.  For  fairly  good  quantita- 
tive work,  up  to  about  i  500  cycles 
per  second,  the  oscillograph  can  be 
used,  either  by  throwing  the  beam 
from  the  element  mirror  directly  up- 
on a  film  moving  at  high  speed  (fif- 
teen to  twenty  feet  per  second),  or 
by  making  a  repetitive  process  of  the 
discharge.  The  Duddell  short  period 
element  is  best  suited,  and  exceptional 
care  with  details,  such  as  clean  mir- 
rors, clear  oil,  etc.,  are  necessary.  In 
the  first  method  the  wave  cannot  be 


spread  out  much  (perhaps  one-eighth 
inch  per  cycle)  although  the  record 
can  later  be  enlarged,  and  special 
pains  must  be  taken  to  secure  good 
light,  sunlight  properly  directed  and 
focused  being  better  than  the  usual 
arc.  In  the  second  method,  one  prac- 
tice, due  to  Prof.  Fleming,  has  upon 
the  shaft  of  an  alternator  supplying 
current  to  the  synchronous  motor 
which  drives  the  oscillograph  reflect- 
ing mirror,  a  contactor  which  alter- 
nately charges  and  discharges  the 
condenser,  synchronously  with  the 
reflecting  mirror.  Details  of  this 
contactor  are  given  in  Fleming's 
"Electric  Wave  Telegraphy,"  p.  29. 
The  cathode  ray  tube  methods  are 
more  troublesome  to  operate  and  not 
so  suitable  for  ordinary  quantitative 
work,  but  are  necessar}'  for  the  very 
high  frequencies.  A  good  general 
description  of  these  is  found  in  the 
above  Fleming  reference,  and  more 
detailed  deferences  are  as  follows: 
Prof.  F.  Braun — ^Wied.  Ann.  der 
Physik,  1897 — Vol.  60,  p.  552;  Prof. 
F.  Braun — Ann.  der  Yhysik,  1902 — 
Vol.  9,  p.  497;  Dr.  W.  Mausergh 
Varley,  Phil.  Mag.,  1902 — 'Ser.  6,  Vol. 
3,  p.  500;  Dr.  W.  Mausergh  Varley, 
Electrician,  1905— Vol.  55,  P-  335- 
Mr.  Robert  Rankin,  "The  Kathode 
Ray  Oscillograph,"  The  Electric 
Journal,  Vol.  II.,  p.  620,  Oct.,  1905. 

A.  F.  V.  D. 

927 — Current   in   Wound   Rotors — 

Please  give  formulae  for  computing 
rotor  current  in  wound  rotors,  i — 
When  Y-connected  both  field  and 
armature.  2 — When  delta-connect- 
ed in  field  and  Y  in  armature.  3 — 
When  Y-connected  in  field  and 
delta  in  armature.  4 — When  delta- 
connected  in  both  field  and  arma- 
ture. H.  G.  (ONTAIRO) 
The  most  convenient  method  of 
calculating  the  secondary  current  of 
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a  wound  rotor  induction  motor  is  to 
calculate  first  the  secondary  voltage 
between  rings,  when  the  rotor  is  sta- 
tionary with  rings  open,  and  normal 
voltage  impressed  on  the  primary,  in 
which  condition  the  action  of  the 
motor  is  the  same  as  that  of  a  poly- 
phase transformer.  This  open  cir- 
cuit voltage  between  rings  of  a  motor 
connected  three  phase  in  both  pri- 
mary and  secondary  may  be  calcu- 
lated from  the  formulae; — 

V,  =  — '     ^  ^^         ,  where. 

Vj  =  secondary  volts  between  rings. 
V,  ^  primary  volts  between  rings. 
Ti  and  T,  =  effective  series  turns  in 
secondary  and  primary  respectively 
_  turns  per  coil  x  No.  of  coils 
No.  of  parallels  in  connection. 
Cj  and  C,  =  chord  factor  of  second- 
ary and  primary  windings  respective- 
ly =  sine  (90°  X  percent  pitch  of  coil). 
For  delta  primary  and  secondary,  K 
=  i/i  =:  I.  For  star  primary  and 
secondary,  K  =  "^s/'^S  =  i.  For  delta 
secondary  and  star  primary,  K  =: 
1/V3  =  0.577.  I^or  star  secondary  and 
delta  primary,  K  =  V3/1  =  1.73.  Since 
at  synchronous  speed  the  rotation  of 
the  secondary  conductors  produces 
the  same  rate  of  change  of  primary 
flux  through  the  secondary  coils,  as 
is  produced  by  the  alternations  of  the 
primary  flux  at  stand-still,  the  volt- 
age as  calculated  above  also  repre- 
sents the  counter  e.m.f.  generated  in 
the  secondary  winding  at  synchron- 
ous speed.  This  counter  e.m.f.  varies 
directly  with  the  speed,  and  for  any 
output  is  equal  to  V,  (i — s)  where  s 
equals  percent  slip  at  this  output. 
Since,  for  an  induction  motor,  the 
same  as  for  a  direct-current  motor, 
the  output  in  watts  is  equal  to  the 
product  of  the  counter  voltage  and 
the  total  armature  current,  the  am- 
peres per  ring  of  a  three-phase  sec- 
ondary for  a  given  output  arc  equal 

746  X  hp  output 
to 

counter  voltage  x  V3 

This  is  neglecting  the  phase  displace- 
ment between  the  rotor  voltage  and 
current,  which  displacement  is  negli- 
gible at  normal  speeds.  Then  substi- 
tuting tlie  value  of  the  counter  e.m.f. 
as  found  above,  the  amperes  per  ring 
for  2  given  output  will  be  equal  to 
^46  X  hp  output 

V,x  (i— s)  xv^3. 


This  neglects  several  minor  factors, 
which  affect  the  rotor  current  and 
voltage,  but  for  all  practical  cases 
the  value  found  as  above  is  suffi- 
ciently accurate.  0.  c.  s. 

928 — Positive  Direction  in  a  Vector 
Diagram — In  writing  the  vector- 
ial equations  in  accordance  with 
Kirchhoff's  laws  it  is  necessary  to 
begin  with  an  assumption  that  the 
direction  of  currents  or  voltages  is 
as  shown  in  Figs.  928  (c)  and  (d). 
The  direction  may  also  be  assumed 
exactly  oposite  to  that  shown,  but 
it  is  always  taken  as  either  all  to- 


FiGS.  9_'8    (a),  (b),  (c),  (d)  and   (e) 

wards  the  point  O  or  all  away  from 
the  point  in  case  of  star  connection, 
and  also  as  acting  clockwise  or 
counter-clockwise  in  the  case  of 
delta  connection.  Those  directions 
arc  usually  referred  to  as  p<)sitive 
directions.  Now.  at  some  instant 
the  actual  di-  -  of  either  the 

currents  or  v-  n  star  or  de!t.i 

connected  devices  arc  as  shown  in 
Figs.  o-'8(a)  and  (b).  At  some 
other  instant  these  directions  may 
be  different  but  they  are  never  all 
towards  nor  all  away  from  the 
point  0  of  the  star  connection  and 
never    all    clockwise    nor   coumcr- 
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clockwise  in  the  case  of  the  delta 
connection.  Will  you  kindly  ex- 
plain what  is  meant  by  the  positive 
direction  of  an  alternating  quantity 
and  for  what  reasons  these  direc- 
tions must  be  used  in  connection 
with  vector  diagrams  and  vectorial 
equations  instead  of  the  actual  di- 
rections as  shown  in  Figs  928  (a) 
and  (b)  E.  J..H.  (penna.) 

Evidently  you  are  confusing  the 
direction  of  current  flow  in  a  scheme 
of  connections  with  the  direction  of 
the  vectors  in  a  vector  diagram. 
Thus,  in  the  vector  diagram,  Fig. 
928  (e),  the  spacing  of  the  vectors 
OA,  OB,  and  OC,  represents  the  time 
or  phase  relations  of  the  currents 
flowing  in  phases  A,  B  and  C,  and 
their  length,  the  maximum  or  peak 
value  of  the  current  wave.  The  fact 
that  the  vectors  all  point  out  from 
the  center  has  nothing  to  do  with  the 
direction  of  instantaneous  current 
flow,  but  indicates  only  that  the  peaks 
are  120  electrical  degrees  apart.  If,  for 
instance,  the  arrow  onO  A  pointed  in, 
it  would  indicate  that  the  phase  dif- 
ference between  B  and  A,  and  ^  and 
C  was  only  60  degrees.  The  direc- 
tion of  current  flow  in  windings,  such 
as  in  Fig.  928  (a),  at  any  given  in- 
stant is  determined  from  the  pro- . 
jection  of  the  vector  on  a  line 
through  O,  such  as  m  n,  representing 
by  its  angular  position  the  instant 
desired.  This  applies  to  either  the 
star  connection  as  shown  by  the  full 
lines,  or  the  delta,  as  shown  dotted, 
the  projections  being  lettered  with 
small  letters  corresponding  to  those 
of  the  phases.  The  arrows  in  the  di- 
agrams. Figs.  928  (c)  and  (d), 
drawn  as  a  hasis  for  writing  vec- 
etorial  equations  according  to  Kirch- 
ofif's  laws,  do  not  represent  instanta- 
neous values  of  current  flow  at  all. 
They  represent  positive  directions  of 
flow.  Thus,  when  the  instantaneous 
values  of  flow  correspond  to 
Fig.  928  (a),  it  means  that  the 
current  in  A  is  negative  in  direction, 
while  that  in  B  and  C  is  positive.  Or- 
dinarily, the  positive  direction  is  as- 
sumed to  be  away  from  a  generator 
and  toward  a  transformer  or  motor 
for  star  connection,  and  counter- 
clockwise in  a  delta  mesh,  although 
this  is  not  at  all  necessary.  Either 
direction  can  be  assumed  positive, 
provided  the  assumptions,  once  made, 
are     consistently     followed.       It     is 


necessary  to  assume  some  direction 
as  positive  in  order  to  determine 
correctly  whether  the  algebraic  signs 
of  the  equations  should  be  positive  or 
negative.  c.  r.  r. 

929 — (a)  Referring  to  switchboard 
diagram,  p.  165,  February,  1913 
issue,  is  it  correct  to  represent  a 
straight  connection  from  2  400  volt 
feeder  to  ammeter  receptacle?  (b) 
Kindly  explain  reason  for  ground- 
ing middle  point,  (c)  What  is  the 
function  of  the  equalizer  resistance 
connected  across  the  gerferator 
field  switch,  and  what  is  it  made 
of?  (d)  Are  the  three  point  rheo- 
stats connected  between  the  Tirrill 
regulator  and  the  exciter  shunt 
fields,  the  resistances  that  are 
short-circuited  by  the  regulator  in 
the  performance  of  its  function? 
If  so,  how  is  it  accomplished  with 
the  connections  shown? 

G.  s.  w.  (ariz.) 
(a)  A  current  transformer  should 
have  been  included  in  the  connection 
of  the  ammeter  to  the  leads  shown 
on  panel  No.  3.  (b)  The  middle  point 
is  always  grounded  on  both  current 
and  potential  transformers,  to  reduce 
the  possibility  of  high  voltage  on  the 
secondary  or  instrument  wiring,  due 
to  a  breakdown  of  insulation  or  any 


AC  Generator 


FIG.  929  (a) 

other  cause,  (c)  The  word  equalizer 
belongs  with  the  adjacent  rheostat  not 
with  the  field  discharge  resistance. 
The  function  of  the  latter  is  to  per- 
mit opening  the  field  circuit  when 
disconnecting  the  field,  thereby  pre- 
venting a  dangerous  rise  in  voltage 
which  might  injure  the  field.  It  is 
usually  wound  with  iron  or  german 
silver  on  the  usual  resistance  sup- 
porting devices,  (d)  The  diagram 
in  Fig.  929  (a)  shows  a  simplified 
connection  for  this  case.  The  three 
point  rheostat  shown  in  the  original 
arrangement  is  the  exciter  field  rheo- 
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Stat.  It  will  be  noted  in  Fig.  929  (a) 
that  there  are  four  leads  to  this  rheo- 
stat, but  two  of  these  go  to  the  same 
point,  and  hence  one  of  them  was 
omitted  for  simplicity  in  the  diagram 
on  p.  165.  c.  H.  s. 

930^High  Tension  Alternator — It 
is  proposed  to  transmit  3000  kilo- 
watts at  15000  volts,  three-phase. 
Would  it  not  be  more  economical 
to  purchase  generators  wound  for 
this  potential  than  to  install  2  200- 
volt  generators  and  step-up  trans- 
formers? Granting  the  former 
scheme  more  economical  than  the 
latter,  would  the  extra  protection 
afforded  the  generators  (2000 
kw)  by  use  of  the  latter  be  suf- 
ficient to  warrant  its  adoption? 

E.  B.  (PHILIPINE    islands) 

It  is  possible  to  wind  a  2  000  k.v.a 
generator    for    15000    volts,    if    the 
speed  is  not  too  low.    It  is  not  desir- 
able, however,  and   the  use  of  low- 
ering transformers  is  strongly  recom- 
mended for  the  additional  insulation 
protection  they  afford.     It  is  impos- 
sible to  state  whether  the  low  voltage 
generator    and    transformers    would 
be  more  costly  than  the  high  voltage 
generator  without  knowing  the  speed. 
For  intermediate  and  high  speeds  the 
cost   would   probably   be   in    favor  of 
the    high    voltage    generator,    but    in 
spite  of  this  the  low  voltage  gener- 
ator is   recommended.  f.  d.  n. 
931 — Type    of    Motor — It    is    pro- 
posed to  install  a  three-phase,  250- 
volt,  50-cycle,  730  r.p.m.  induction 
motor  with  squirrel-cage  rotor  and 
auto-transformer     starter.         This 
would   be   belted   to    105    feet   of   3 
inch    existing    shafting    to    run    at 
180  r.p.m.   wOjich  has  24  belts  and 
pulleys.    The  belts  before  starting 
are    put    to    loose    pulleys,    whicli 
vary   from  40  to   10  inches  diame- 
ter,   chiefly    the    latter.      The    full 
load    would    be    about    35    horse- 
power when  at  full  speed.     Before 
installing,    it    is    desired    to    make 
mechanical   tests   to  know    fa)    the 
times   full-load   torque   required  on 
the   motor,   and   be   sure  of   start- 
ing;  (b)  the  kind  of  squirrel-cage 
winding   on    motor;    (c)    how    thi- 
power- factor  and  efficiency  will  l)r 
affected.     A  wound  rotor  with  slip 
rings  cannot  be  used  and  it  is  de- 
sired to  keep  down  tlic  line  amperes 
as  low  as  possible. 

F.  v.  (ENGLAND) 


(a)  To  determine  the  starting 
torque  fasten  a  lever  to  one  of  the 
fixed  pulleys  on  the  shaft,  and  hang 
weights  on  the  end  until  the  shaft 
starts.  The  product  of  the  weight 
in  pounds  into  the  length  of  the 
lever  arm  from  center  of  shaft  in 
feet  will  equal  the  foot-pounds 
torque.  Before  doing  this  the  shaft 
should  be  belted  to  another  pulley 
so  as  to  introduce  the  bearing  fric- 
tion caused  by  the  side  pull  from  the 
motor  belt,  (b)  and  (c)  For  details 
as  to  type  of  motor  see  article  by  Mr. 
R.  E.  Hellmund  on  "Squirrel-Cage 
Induction  Motors  with  High  Resist- 
ance Secondaries,"  in  the  Journal  for 
November,  1910,  p.  870,  which  deals 
with  the  characteristics  of  different 
types  of  squirrel-cage  motors. 

A.  M.  D. 

932 — Weston  Millivolt  Shunt — Are 
W  Cston  millivolt  meters  with 
shunts  all  designed  with  approx- 
imately the  same  internal  re- 
sistance and  with  the  same  milli- 
volt drop  on  the  shunt  at  full  load? 
Thus  with  a  meter  and  shunt  for 
1.5,  15  and  150  amperes  and  scale 
reading  150  divisions  is  there  any 
way  of  finding  what  the  instrument 
needs  in  true  millivolts? 

i;.  T.  S.   (VANCOUVER,  B.  C.) 

Weston  switchboard  shunts  are  all 
adjusted  to  have  a  drop  of  50  milli- 
volts at  full  load  between  their  po- 
tential terminals.  The  indicating  in- 
struments used  in  connection  with 
the  shunts  have  a  drop  of  50  milli- 
volts at  the  terminals  of  their  leads. 
for  full  scale  deflection.  All  such 
instruments  have  approximately  the 
same  resistance.  Weston  portable 
ammeters  have  either  50  millivolts  or 
100  milli-volts  drop  according  to  the 
type  of  instrument.  The  portable 
ammeters  with  detachable  portable 
siuints  known  as  Model  i.  all  are  ad- 
justed to  have  a  drop  of  loq  milli- 
volts at  the  terminals  of  their  leads 
for  full  scale  deflection,  and  arc  com- 
pensated for  errors  due  to  changes 
in  temperature.  Old  instruments  of 
this  model  were  adjusted  ti">  snunts 
having  approximately  250  millivolts 
drop.  w.  s.r. 

933 — High  Potential  on  Cable 
chcatli  \\  I-  have  cnncctc"!  with 
our  plant  a  6fxx)-volt.  three-phase 
transmission  line.  The  lead  sheath 
which  contains  the  three  wires  for 
a    short    distance    recently    bccam; 


7IO 


THE  ELECTRIC  JOURNAL 


charged  to  a  high  potential.  The 
following  day  one  of  the  6  6oo-volt 
wires  was  discovered  on  the 
ground.  When  it  was  replaced, 
no  further  trouble  was  expe- 
rienced with  the  lead  sheath, 
which  is  not  grounded.  Please  ex- 
plain how  the  grounded  wire 
caused  the  sheath  to  be  charged. 
Was  it  condenser  effect? 

R.  J.  L.   (PENNA.) 

Unless  the  lead  sheath  is  in  actual 
contact  with  one  of  the  wires,  it 
would  normally  assume  a  potential 
cqui-distant  'between  the  wires,  cor- 
responding to  that  of  the  neutral  of 
the  system,  due  to  a  combination  of 
leakage  and  capacity  effect.  In  this 
case  there  would  be  a  potential  of 
3  800  volts  between  the  lead  sheath 
and  each  of  the  wires.  When  one 
of  the  wires  became  grounded,  if 
the  sheath  is  not  grounded  in  any 
way,  it  would  be  raised  to  a  potential 
approaching  3800  volts  above  ground. 
To  prevent  a  recurrence  of  this 
trouble,  we  would  suggest  that  the 
lead  sheath  be  thoroughly  grounded. 

C.  R.R. 

g34 — Wave  Form  Distortion — Will 
pure  capacity  or  inductance  in 
a  circuit  without  the  presence 
of  iron  serve  to  distort  the  wave 
form  of  e.m.f.  ?  In  other  words 
what  tends  to  produce  distortion 
of  the  voltage  wave? 

H.  R.  S.  (PENNA.) 

The  only  effect  that  capacity  or  in- 
ductance can  have  upon  the  voltage 
wave  form  of  a  system  or  a  gener- 
ator is  the  indirect  one  which  is 
caused  by  the  circulation  of  armature 
currents  through  these  generators 
and  the  effect  upon  the  wave  form 
caused  by  the  armature  reaction  of 
these  currents.  In  general  it  may 
be  stated  that  the  tendency  of  a 
given  higher  harmonic  current  in  the 
armature  of  a  generator  is  such  as 
to  tend  to  eliminate  that  particular 
harmonic.  The  foregoing  refers  to 
the  e.m.f.  wave  forms  and  not  to 
the  current  wave  forms.  The  cur- 
fent  wave  form  which  is  caus- 
ed by  a  given  e.m.f.  wave  form  will 
have  its  distortion  decreased  when 
passing  through  a  pure  inductance 
and  exaggerated  when  passing 
through  a  pure  capacity.  p.  m.l. 
935 — Disconnecting:  A  1 1  e  r  n  a  tors 
from  Circuit — On  disconnecting 
a  three-phase  alternator  froni  the 


bus-bars,  should  the  exciting  cur- 
rent be  lowered  or  kept  balanced 
with  that  of  the  other  alternator, 
and   why?  j.  b.  (Ontario) 

It  is  impossible  to  reduce  the  load 
on   an  alternating-current  generator, 
which   is   operating   in   parallel   with 
other    alternators,    by    reducing    the 
field  strength,  as  is  done  with  direct- 
current  generators.    The  only  way  to 
reduce  the  power  output  is  to  reduce 
the  power  which  is  being  delivered  to 
the  generator   by   the   prime   mover. 
The  best  way  to  cut   the  alternator 
out  of  service  is  to  first  decrease  the 
driving  power  until   it  is  just   suffi- 
cient to  drive  the  generator  without 
load.     If  driving  power  is  reduced  a 
little    too   much,    a   large    circulating 
current  flows  through  the  armature, 
and    in    order    to    avoid    breaking    a 
large  current,  the  field  should  be  ad- 
justed so  that  the  armature  current 
is    at    a    minimum.      Open    first    the 
main    switch,   then    the    field    switch, 
and     then     shut     down     the     prime 
mover.      Care    should    be    exercised 
not  to  open  the  field   switch  before 
the  main  switch  is  open,  as  this  will 
cause   a   heavy   surge   of   current   to 
flow  through  the  armature.       R.  k. 
936 — Formulae     for     Reactance  — 
Please  show  the  development  of 
the    formulae    for    inductive    re- 
actance  and   susceptance  in  three- 
phase    circuits    for    wires    in    one 
plane;  at  the  vertices  of  an  equila- 
teral triangle ;  and  at  the  vertices 
of  an  isosceles  triangle? 

R.  A.  C.  (OHIo) 

The  development  of  these   formu- 
lae is  rather  long  for  publication  in 
the  Question  Box.     It  will  be  found 
in     a    book     recently     published     on 
"Transmission    Line    Formulae,"    by 
Mr.  H.  B.  Dwight.    Price,  $2.00.  c.  f. 
937 — Charging      Alternator      from 
Two-phase  to  Three-phase — It  is 
desired    to    change    a    200    kilo- 
watt, 60-cycle,   two-phase,   2  300- 
volt,  720  r.p.m.,  10-  pole,  revolving 
field  alternator  to  three-phase, _  575- 
volts,    other    conditions    remaining 
the  same.     There  are   120  coils  on 
the  stator  (60  in  series  per  phase). 
How    will    the    change    affect    the 
characteristics     of     the      machine. 
Will  the  efficiency  and  the  capacity 
be  decreased?  e.  s.  (ontario) 

If  the  machine  has  a  two  coil  per 
slot  diamond  type  winding  it  may  be 
reconnected    for    S7S    volts,    three- 
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phase,  and  will  operate  practically  the 
same  magnetically.  In  this  case  the 
regulation  and  field  heating  will  be 
improved,  due  to  the  superiority  of  a 
three-phase  open  circuit  armature 
winding  over  a  two-phase  open  cir- 
cuit armature  winding.  The  efficiency 
will  remain  the  same.  If  it  has  a 
one  coil  per  slot  concentric  winding, 
it  would  have  to  be  re-wound  with 
new  coils  and  could,  as  before,  be 
worked  the  same  magnetically.  With 
the  new  winding  the  regulation  and 
field  heating  would  he  bettered  as 
above.  Also  the  efficiency  and  arma- 
ture copper  heating  would  be  im- 
proved owing  to  the  greater  cross- 
section  of  armature  copper  that  could 
be  used  on  account  of  the  smaller 
insulation.  R.  k. 

938 — Values  of  Secondary  Voltage 
and  Current  of  Three-Phase  Slip 
Ring  Induction  Motors — In  con- 
nection with  some  calculations,  I 
wish  to  obtain  exact  values  for 
the  secondary  voltage  and  current 
of  three-phase  slip  ring  induction 
motors  ranging  in  capacity  from 
I    to   100  hp.  M.D.  c.  (oHio) 

In  order  to  attain  the  cheapest  and 
best  operating  controller,  a  given  size 
of  motor  requires  a  certain  secondary 
voltage  and  amperage.  The  smaller 
the  motor,  the  lower  should  be  the 
secondary  voltage,  and  vice  versa. 
For  instance,  in  the  case  of  a  five 
horse-power  motor,  a  secondary  volt- 
age of  80  volts  is  quite  suitable, 
while  for  a  100  horse-power  motor 
the  secondary  voltage  should  be 
about  400  volts.  While  a  list  of  data 
covering  this  information  for  con- 
secutive standard  sizes  of  induction 
motors  throughout  the  range  men- 
tioned is  not  available,  the  values 
may  be  calculated  by  means  of  the 
methods  given  in  Nos.  027,  this  is- 
sue. 740  May,  1912.  and  574,  July, 
ton.     Note  also  326,  Nov.,  1009. 

H.  c.  s. 
939— Self  and  Mutual  Inductance — 
I  wo  coils  -•/  and  li  arc  wound  uni- 
formally  upon  the  same  magnetic 
circuit,  one  over  the  other.  The 
self-inductance  of  A  is  three  hen- 
ries and  the  self-inductance  of  B 
is  five  henries.  .Assuming  the  per- 
meability of  the  magnetic  circuit  to 
be  constant,  how  can  I  determine 
the  total  inductance  of  ./  and  B 
when  connected  in  series,  (a)  so 
that  their  magnetic  fields  are  in  the 


same  direction;  (b)  so  that  their 
magnetic  fields  are  in  opposite  di- 
rections; (c)  What  is  the  mutual 
inductance  of  A  and  B? 

T.  F.  (mass.) 

(a)  The  combined  inductance  of 
the  two  coils  in  series  equals  L,+L2+ 
2M  where  L,  equals  the  inductance 
of  one  coil,  L-  the  inductance  of  the 
second  coil,  and  M  the  mutual  induc- 
tance; (b)  The  inductance  of  the 
two  coils  in  series,  with  their  mag- 
netic fields  in  opposite  direction,  is 
L,+L; — 2M ;  (c)  The  mutual  induct- 
ance M  depends  upon  the  magnetic 
leakage.  If  the  magnetic  density  is 
well  below  saturation,  and  the  mag- 
netic circuit  designed  with  due  re- 
gard to  prevention  of  leakage,  this 
may  be  neglected  withoj.it  great  error. 
M  is  then  equal  to  VL.xL,.  This  is 
the  limiting  value.  If  the  leakage  is 
great  enough  to  effect  the  problem, 
M  will  be  less  than  given  by  the 
formula.  c.  f. 

940 — Arrangement  of  Three-Phase 
Conductors — Will  the  arrange- 
ment shown  in  Fig.  940  (a)  work 
without  serious  inductive  effect  on 
a  three-phase,  25-cycle,  440-volt 
line,  400  to  600  feet  long  or  should 
tlie   second   arrangement  be  used? 

S.  B.  F.   (PF.NN.\.) 

'Since  the  size  of  wire  and  amount 
of  current  carried  is  not  given  it  is 
impossible  to  give  any  exact  answer 
to  this  question.  In  general  the  re- 
actance of  a  circuit  in  which  the 
wires  are  all  in  a  row  is  approxi- 
mately four  percent  greater  than 
wlien  the  wires  are  arranged  in  the 
form  of  an  equilateral  triangle  with 
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FIG.  940    (a)    AND    (b) 

the  same  spacings.  With  the  ar- 
rangements shown  in  Fig.  940  (b), 
however,  the  spacing  of  the  wires  is 
liable  to  be  so  much  greater  than 
with  the  arrangements  shown  in  I'lg. 
940  (a)  that  the  inductance  will  very 
probably  be  higher.  Unless  the  cur- 
rent and  size  of  wire  * 
the  inductance  will  he 
either  arrangement  for  a  di-t.mcc  as 
short  as  600  feet.                    c.  B  B. 
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941— Three-Phase  T  r  a  n  s  f  o  rmer 
Connections— Will  the  connec- 
tions indicated  in  Fig.  941  (a), 
using  two  standard  6600  volt  trans- 
formers, give  a  balanced  three- 
phase  circuit  and  what  percent  of 
the  full  transformer  capacity  can  1 
get  from  this  combination?  Is 
there  any  connection  by  which  I 
can  obtain  a  two-phase  current  by 
the  use  of  two  6  600  volt  transform- 
ers, primary  voltage,  three-phase, 
iiooo  volts?  What  results  would 
be  obtained  by  using  the  combina- 
tion shown  in  Fig.  941  (a)  using 
two  6600  volt  transformers,  pri- 
mary voltage  1 1  000? 

H.  J.  V.  (calif.) 
Two  standard  6600  volt  single- 
phase  transformers,  connected  as 
shown  in  Fig.  941  (a),  will  give  a 
fairly  well  balanced  three-phase  cir- 
cuit provided  the  neutral  point  of  the 
apparatus  supplying  the  line  is 
grounded  so  that  the  ground  forms 
the  equivalent  of  a  neutral  ground 
wire    of    the    three-phase    line.      The 
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FIG.    941     (a)    AND     (b) 

grounds  must  be  good  ones  and  in  a 
country  where  the  ground  forms  a 
fairly  good  conductor ;  otherwise  the 
connection  will  not  work.  The  ca- 
pacity of  transformers  connected  in 
this  way  when  delivering  three- 
phase  current  is  87  percent  of  the  sin- 
gle-phase rating.  If  the  neutral  of  the 
three-phase  system  is  not  grounded. 


the  connection  shown  in  Fig.  941  (a) 
will  give  only  a  three-wire  single- 
phase  circuit  with  11  000  volts  across 
the  outside  mains  of  the  primary  and 
2,66  volts  across  the  outside  mains 
of  the  secondary.  (b)  Two  6600 
volt  single-phase  transformers  can- 
not be  connected  to  an  11  000  volt 
three-phase  circuit  in  order  to  ob- 
tain two-phase.  This  can  be  done  with 
three  transformers  in  the  manner  ex- 
plained in  No.  922,  June,  '13.  (c)  Re- 
versing the  primary  of  one  of  the 
transformers,  as  in  Fig.  941  (b),  will 
simply  distort  the  phase  relations  of 
the  transformers,  if  the  neutral  of 
the  system  is  grounded.  The  angles 
between  the  sides  of  a  closed  delta 
will  be  120,  30  and  30  degrees  in- 
stead of  each  being  60  degrees.  This 
will  give  220  volts  on  two  phases  of 
the  secondary  and  380  volts  across 
the  third  phase.  With  the  neutral 
of  the  primary  system  ungrounded, 
the  result  will  be  a  single-phase, 
three-wire  system  as  in  (a),  except 
that  the  polarity  will  be  reversed. 
There  will  thus  be  183  volts  from 
each  outside  to  neutral,  but  zero  volt- 
age between  the  outsire  mains. 

v^.  M.  M. 

942 — Tirrill  Regulator— (a).  In 
connection  with  a  Tirrill  regulator 
is  there  any  reason  why  one  of  the 
exciter  rheostats  should  be  divided 
into  two  parts,  and  each  part 
short-circuited  by  a  separate  pair 
of  contacts,  (b)  Is  it  correct  to 
operate  three  exciters  on  a  Tirrill 
regulator  having  three  sets  of 
short-circuiting  con'tacts? 

C.  W^.  F.   (OHIo) 

(a)  Yes,  if  the  field  discharge  is 
too  great  for  one  pair  of  contacts. 
On  account  of  the  characteristics  of 
different  exciters,  there  can  be  no 
definite  rule  given  for  the  determi- 
nation of  the  number  of  relays  or 
pairs  of  contacts  required  for  all  ex- 
citers. Roughly,  for  125  volt  excit- 
ers, a  relay  or  a  pair  of  contacts 
will  be  required  for  each  four  am- 
peres, shunt  field  current  being  taken 
at  140  volts  full  load,  (b)  Yes,  pro- 
vided one  relay  is  of  ample  capacity 
for  each  exciter.  See  Instruction 
Book  on  Tirrill  Regulators — type 
TA — ^Form  F  and  K,  under  heading 
of  "Adjustments  —  Generator  and 
Exciter   Field   Rheostats."      A.  A.  T. 
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PERSONALS 

Mr.  W.  W.  Coleman,  of  the  Union 
Switch  &  Signal  Company,  Swissvale, 
Pa.,  has  recently  been  appointed  sales 
engineer  for  the  Edison  Storage  Bat- 
tery Company,  Orange,  N.  J.,  where 
he  will  specialize  on  signal  work. 


Mr.  T.  P.  Pinckard,  formerly  new 
business  manager  of  the  Peoria  Gas  & 
Electric  Company,  is  now  secretary  of 
the  Dominion  Traction  &  Lighting 
Company  of  Windsor,  Ontario.  A  num- 
ber of  years  ago  Mr.  Pinckard  took  the 
engineering  apprenticeship  course  with 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany and  later  was  in  their  sales  de- 
partment. 


Mr.  C.  A.  Coffin,  who  has  been  presi- 
dent of  the  General  Electric  Company 
since  its  organization,  has  resigned  and 
has  been  elected  chairman  of  the  board 
of  directors  of  the  company.  Mr.  E. 
W.  Rice,  Jr.,  senior  vice  president,  has 
been  selected  to  succeed  Mr.  Coffin. 


Mr.  Raymond  J.  O'Brien,  formerly  of 
the  railway  engineering  department  of 
the  Westinghouse  Electric  &  Mfg. 
Company,  lias  accepted  a  position  with 
Gibbs  &  Hill,  of  New  York  City. 


Mr.  B.  J.  Fernald,  of  the  Pittsburgh 
office  of  the  General  Electric  Company. 
has  resigned  to  become  sales  manager 
for  the  Best  Mfg.  Company,  of  Pitts- 
burgh. 


Mr.  S.  Leefschetz,  who  was  an  engi- 
neering apprentice  with  the  Westing- 
house Electric  &  Mfg.  Coinpany  about 
six  years  ago,  and  has  been  teaching 
mathematics  in  the  University  of  Ne- 
braska for  the  past  two  years,  has  re- 
cently accei)tcd  a  position  as  instructor 
in  mathematics  in  the  I'nivcrsity  of 
Kansas.  Some  years  ago  Mr.  Leefschetz 
had  both  hands  amputated  on  account 
of  electrical  burns  received  in  an  acci- 
dent in  transformer  testing.  Before 
coming  to  this  c<iuntry  he  graduated 
from  the  University  of  Paris.  After 
leaving  Pittsburgh  he  took  advanced 
matheniatics  in  Clark  Univer.sitv,  where 
he  received  liis  Oictnr's  degree  in  math- 
ematics with  the  highest  honors  ever  ac- 
corded by  that  institution.  On  July  .^ 
ht  is  to  be  married  to  Miss  .Mice  Hayes, 
who  was  a  student  in  mathematics  with 
'"'"at  Clark  University.  .Xfter  a  trip 
to  Paris,  they  are  to  return  to  Lawrence. 
Kansa.s.  where  he  will  take  up  his  work 
as  teacher  of  mathematics. 


Mr.  E.  W.  P.  Smith,  of  Cleveland, 
Ohio,  has  been  working  the  past  spring 
under  the  direction  of  Mr.  E.  P.  Rob- 
erts preparing  a  "preliminary  report  on 
the  electrification  of  steam  railroads  in 
Cleveland."  This  report  was  presented 
to   Mayor  Baker  last  month. 


Mr.  H.  L.  Garbutt,  formerly  of  the 
Chicago  district  office  of  the  Westing- 
house Electric  &  Mfg.  Company,  has 
recently  entered  the  employ  of  the  com- 
pany in  the  deta'l  and  supply  depart- 
ment at  East  Pitlsburg'h,  Pa. 


Mr.  W.  B.  Miser,  of  the  Chicago  dis- 
trict oifice  of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  recently  accepted 
the  position  of  manager  of  the  Jackson- 
ville (111-'*  Railway  and  Light  Companv. 


Mr.  T.  D.  O'Conor,  of  the  research 
engineerin_g  department,  and  Mr.  H.  A. 
Faber.  of  the  detail  and  supply  sales 
department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  have  organized 
the  Formica  Products  Company,  with 
hedaquarters  at  200  Main  street,  Cin- 
cinnati, Ohio,  to  manufacture  commu- 
tator insulation,  for  \'-rings,  bushings, 
etc. 


Mr.  S.  N.  Clarkson,  formerly  of  the 
engineering  apprenticeship  course  of 
the  Westinghouse  Electric  &  Mfg< 
Company  at  East  Pittsburgh,  has  re- 
cently been  appointed  assistant  sales 
manager  of  the  Union  Electric  Light 
&  Power  Company,  of  St.  Louis,  Mo. 


Mr.  R.  W.  Eaton,  formerly  con- 
nected with  tlie  New  Haven  office  of 
the  Westinghouse  Electric  &  Manufac- 
turing Company,  has  recently  been  ap- 
pointed electrical  engineer  for  the  Con- 
necticut Company,  with  offices  at  New 
Haven. 


The  Soulltcni  F.uginccr  for  June  re- 
prints the  article  by  Mr.  W.  .\.  Hick  en- 
titled "Notes  on  a  Large  Unipolar  Gen- 
erator," from  the  Joi'RNAi.  for  Septem- 
ber,  1012. 


.■\niong  the  awards  mmli-  duiint;  ;'■• 
pa<t  week  for  furni-hiiiis'  supphi-  !••: 
the  Navy  Yards,  the  Hemming  Xfinu- 
facturing  Company  of  Garfield.  N.  J.. 
have  received  contract  for  supplying 
a  number  of  dies  and  heat-rcsi<tinK 
molded  insulation,  and  are  very  much 
gratified  by  this  endorsement  of  tlieir 
pnnlucts  by  the  naval  auth"-;tir<; 
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"RATE  RESEARCH" 

The  Possibilities  and  Aims  of  the  Work  of 
the  Rate  Research  Committee 

The    Rate    Research    Committee    of 
the   National   Electric   Light  Associa- 
tion started  out  in  1911  to  establish  a 
uniform  basis  for  electric  rates  which 
could    be    made    standard    and    used 
throughout  the  country.     In  its  work, 
the    Committee   met   some  almost   in- 
surmountable  difficulties,   in   that   two 
general  systems  of  rate  making  were 
in  vogue,  one  basing  its  dififerentiation 
entirely  upon  the  quantity  used  irre- 
spective of  the  length  of  use  of  max- 
imum demand,  and  the  other  using  the 
load  factor  as  a  basis  for  differentia- 
tion   in    price.      These    differences    at 
first  appeared  to  be  basic,  but  a  more 
careful    study    evolved    the    fact    that 
the  underlying  principles  of  both  sys- 
tems were  the  same  and  that  in  one 
case  a  general  average  was  made  for 
all   customers   of   a   class,   and  in   the 
second,    the   individual    customer   was 
allowed  to  find  his  own  level  by  the 
application     of     the    demand    theory. 
The  difficulty  was   much   more   mani- 
fest in  the  retail  rates  than  in  whole- 
sale   rates,    as    most    companies    have 
adopted  the  demand  principle  for  the 
larger     customers.       The     Committee, 
under  the  circumstances,  decided  that 
more  good  could  be  accomplished  by 
uniformity    in   the    mechanical    details 
of  rate  and  schedule  making,  than  in 
any  abstract  study  of  the  actual  the- 
ory of  rate  construction  and,  with  this 
in  mind,  it  has  devoted  its  attention 
for    the    last    two   years    almost    alto- 
gether to  the  matter  of  uniform  sche- 
dules for  electric  light  companies. 

The  Committee  found  in  1912  that 
one  of  the  State  Associations  in  co- 
operation with  its  State  Commission 
had  done  considerable  work  along 
this  line  and  it  therefore  joined  with 
this  Association  and  established  a 
form  for  uniform  schedules.  This 
form  with  slight  changes  has  been  ac- 
cepted by  one  of  the  State  Commis- 
sions, and  has  been  privately  adopted 
by  many  of  the  companies,  and  it 
probably  represents  the  path  along 
which  standardization  in  this  direc- 
tion will  develop  in  the  future. 

The  mere  standardization  of  the 
existing  rates  of  an  electric  comnany, 
in  almost  every  case  increases  the  ef- 
ficiency of  the  rates  themselves  at 
least  100  percent.  Practically  every 
company  that  has  attempted  to  stand- 
ardize its  rates,  has  seen  immediately 
the  necessity  for  a  general  house 
cleaning,  and  the  rates,  as  a  rule,  are 
greatly  simplified,  and  terms  and  con- 


ditions and  riders  are  made  uniform, 
and  special  rate  clauses  are  in  some 
cases  eliminated,  and  in  others  greatly 
improved. 

One  of  the  great  ditificulties  in  the 
rate  situation  throughout  the  country 
is  the  fact  that  heretofore  rates  have 
been  considered  an  extremely  inti- 
mate and  personal  matter  with  the 
executives  of  the  companies,  and  none 
of  the  subordinate  officers  or  heads  of 
departments  has  felt  justified  in  tak- 
ing upon  themselves  a  careful  study 
of  rates,  a  subject  which  was  so  clear- 
ly considered  a  matter  of  policy,  to  be 
dealt  with  entirely  by  the  chief  execu- 
tives of  the  company.  As  early  as 
191 1,  the  Rate  Research  Committee 
recognized  this  difficulty  and  has  en- 
couraged the  companies  to  appoint 
one  of  their  junior  officers  or  heads 
of  departments  to  make  a  special 
study  of  electric  rates,  both  as  to  the 
theory  and  the  mechanism  of  rate 
making,  and  also  to  follow  what  is 
being  done  by  the  courts  and  commis- 
sions in  the  matter. 

Such    an    officer,    without    assuming 
any  executive  authority  can  post  him- 
self   so    thoroughly,    that    when    rate 
cjuestions    arise,    for    in    general    they 
come    up    very    suddenly,    the    execu- 
tives   of    the    company    will    have    at 
their   immediate    disposal,   one    officer 
who   is   thoroughly   familiar   with   the 
situation  as  it  exists  in  other  compan- 
ies, and  with  the  decisions  which  must 
be   considered   in   all   rate    determina- 
tions.    In  order  to  post  these  "Mem- 
ber    Company     Assistants"     as     they 
were  called,  the  Rate  Research  Com- 
mittee, in  June,  1912,  started  a  mime- 
ographed bulletin   giving  abstracts  of 
current  rate  decisions,  each  week  from 
the  data  which  it  was  receiving  in  its 
office.      By   June,    1912,    the    demands 
for  this  publication  had  exceeded  the 
method  of  reproduction,  and  the  Ex- 
ecutive   Committee    of    the    National 
Electric  Light  Association  authorized 
the  Rate  Research  Committe  to  print 
these  abstracts  as  a  regular  publica- 
tion   of   the   Association.     Under   the 
title  of  RATE  RESEARCH,  the  Rate 
Research  Committee  began  this  print- 
ed publication,  as  a  weekly,  with  the 
issue  of  October  2,  1912,  and  the  pub- 
lication   met   with    practically   instant 
favor    from    the    electric    light    com- 
panies.     In    considering   this   publica- 
tion it  should   be  remembered  that  it 
is    primarily    intended    as    a    guide    to 
some   particular   officer   in   each   elec- 
tric light  company,  in   order  that  he 
may  acquaint  himself  with  the  current 
rate   information   as   it  may  apply  to 
the  problems  which  confront  his  own 
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company.  The  paper  is  divided  into 
two  parts,  the  first  part  containing'  in 
abstract  current  court  and  commis- 
sion decisions.  These  are  j?iven  as 
far  as  possible  by  direct  quotation, 
and  as  the  publication  is  on  file  with 
all  of  the  commissions  rej^ulatinp 
electric  companies,  direct  quotation 
from  RATE  RESE.ARCH  can  be 
made  before  Commissions.  The  sec- 
ond part  is  devoted  to  current  refer- 
ences to  all  of  the  important  electrical 
and  technical  publications.  These  re- 
ferences pfive,  by  a  short  abstract,  the 
scope  and  jyeneral  character  of  papers 
on  rates  and  rate  regulation  as  they 
appear  in  the  current  periodicals.  In- 
asmuch as  RATE  RESE.^RCH  is  a 
weekly,  these  references  are  made 
promptly,  and  as  a  rule,  reach  the 
companies  while  the  publication  is 
still  available,  so  that  a  troublesome 
search  for  the  reference  is  unneces- 
sary. 

While  a  number  of  the  attorneys  of 
the  electric  companies  subscribe  to 
RATE  RESEARCH,  it  is  not  prim- 
arily intended  as  a  lecfal  paper.  It  is 
arranped  to  appeal  to  the  busy  cen- 
tral station  executive  and  to  crive  him 
an  indication,  by  the  shortest  route, 
of  what  would  interest  his  company. 
If  the  reference  is  important  from  his 
viewpoint  requests  can  be  made  for 
a  complete   copy  of  the   decisions   or 


paper    before    the    orij^inal    supply    is 
exhausted. 

The  Rate  Research  Committee  be- 
lieves that  if  the  RATE  RESEARCH 
magazine  is  considered  and  used  in 
the  al)Ove  manner,  ultimately  a  corps 
of  efticicnt  rate  experts  will  be  devel- 
oped throughout  the  country,  and 
that  the  standardization  of  rates,  and 
the  uniformity  of  rate  schedules  will 
soon  become  an  accomplished  fact. 


NEW  BOOKS 


"Magnetism  and  Electricity" — E.  E. 
Brooks  and  A.  W.  Poyser.  633  pages, 
413  illustrations.  Published  by  Long- 
mans. Green  and  Company,  New  York 
and  London. 

This  is  an  advanced  text  book  for 
students  in  physics  or  electrical  engi- 
neers. It  is  intended  to  replace  Povser's 
"Advanced  Magnetism  and  Electricity," 
originally  published  in  1892.  Problems 
are  freely  interspersed  through  the  text, 
with  answers  at  the  conclusion  of  the 
book.  This  work  has  an  excellent  feat- 
ure of  confining  discussions  of  various 
features  to  single  paragraphs  headed  by 
prominent  captions.  .A  certain  part  of 
the  hook  is  set  in  small  tyne  so  that  it 
may  be  omited  by  those  students  who  do 
not  desire  to  go  deeplv  into  the  sub- 
ject. Chapters  are  included  on  teleg- 
raphy and  telephony  ;  dynamos  and  mo- 
tors; electric  lamps,  etc. 
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ILLUMINATING  ENGINEERING  SOCIETY 
CONVENTION 

The  next  annual  convention  of  the  Il- 
luminating Engineering  Society  is  to  be 
held  in  Pittsburgh  during  the  week  be- 
ginning September  22.  It  is  expected 
there  will  be  a  large  attendance  of 
engineers  interested  in  various  forms  of 
lighting.  An  interesting  program  is  be- 
ing prepared,  and  also  an  attractive 
schedule  of  inspection  trips  and  enter- 
tainments. 

The  convention  committee  consists  of 
Mr.  C.  A.  Littfefield,  New  York  Edison 
Compan}',  chairman ;  Mr.  P.  S.  Millar, 
Electrical  Testing  Laboratories,  presi- 
dent of  the  society;  Mr.  H.  S.  Evans, 
Macbeth-Evans  Glass  Company,  Pitts- 
burgh ;  Mr.  W.  A.  Donkin,  contract 
manager  of  the  Duquesne  Light  Com- 
pany, Pittsburgh ;  Mr.  D.  MacFarlan 
Moore,  General  Electric  Company,  Har- 
rison, N.  J. ;  Mr.  M.  C.  Rypinski,  West- 
inghouse  Electric  &  Mfg.  Company, 
New  York  City;  Mr.  C.  J.  Mundo,  Gen- 
eral Electric  Company,  Pittsburgh ;  Mr. 
J.  C.  McQuiston,  Westinghouse  Elec- 
tric &  Mfg.  Company,  Pittsburgh;  Mr.. 
W.  J.  Serrill.  United  Gas  Improvement 
Company,  Philadelphia;  Mr.  S.  B.  Stew- 
art, Philadelphia  Company,  Pittsburgh  ; 
Mr.  T.  J.  Pace,  Westinghouse  Electric 
&  Mfg.  Company,  Pittsburgh;  and 
Prof.  PI.  S.  Hower,  Carnegie  Technical 
Schools,  chairman  of  the  local  section 
of  the  society.  Mr.  W.  A.  Donkin  was 
selected  chairman  of  the  local  commit- 
tee on  arrangements  which  will  have 
charge  of  the  convention.  Mr.  J.  C. 
McQuiston  was  appointed  chairman  of 
the  publicity  committee  and  will  make 
all  arrangements  for  advertising  the 
convention. 


BAKELITE  PATENT  RECOGNITION 

As  a  result  of  negotiations  between 
the  Genera]  Bakelite  Company  and  the 
Condensite  Company  of  America,  the 
suits  brought  by  the  former  against  the 
latter  and  its  customers  for  alleged  in- 
fringement of  the  Bakelite  patents,  have 
been  withdrawn,  and  the  Condensite 
Company,  recognizing  the  pioneer  char- 
acter of  Dr.  L.  H.  Baekeland's  work, 
has  acknowledged  the  validity  of  the 
Bakelite  patents  in  suit  and  some  others, 
and  will  pay  substantial  royalties  there- 
under. The  General  Bakelite  Company 
will  continue  the  manufacture  of  Bake- 
lite under  its  numerous  patents,  and  the 
Condensite  Company  will  manufactt:re 
Condensite  under  the  Aylsworth  pat- 
ents, as  well  as  the  license  just  granted 
for  such  of  the  Baekeland  patents  as  are 
broad  enough  to  cover  Condensite.  This 


recognition  of  the  force  and  validity  of 
the  principal  Baekeland  patents  by  the 
only  other  manufacturer  of  condensa- 
tion products  is  a  confirmation  of  the 
Bakelite  Company's  claims  for  the  broad 
scope  and  pioneer  character  of  these 
patents.  There  is  much  that  is  old  in 
the  art  of  making  phenolic  condensa- 
tion products,  but  Dr.  Baekeland  was 
the  first  to  make  practical  application  of 
what  theretofore  had  been  chiefly  labo- 
ratory experiments. 


CATECHISM  ON  ALTERNATING-CURRENT 
APPARATUS 

As  a  companion  book  to  "Catechism 
on  Direct-Current  Apparatus,"  Fair- 
banks, Morse  &  Co.,  of  Chicago,  have 
recently  issued  a  Catechism  on  Alter- 
nating-Current Apparatus.  It  is  a  book- 
let dealing  with  the  construction  and  ap- 
plication of  generators,  motors  and  aux- 
iliary equipment  in  which  is  given  in 
condensed  question  and  answer  form  a 
very  great  amount  of  practical  infor- 
mation. From  a  short  description  of 
how  alternating-current  is  produced 
arguments  are  given  not  only  on  general 
points  of  construction  and  operating 
characteristics  of  equipment  but  also  on 
such  points  as:  Advantages  of  alternat- 
ing-current, advantages  of  direct-cur- 
rent, electrical  characteristics  that  must 
be  considered  in  comparing  alternators, 
advantages  and  limitations  of  synchro- 
nous motors,  split-phase  motors,  etc., 
etc.  Copies  will  be  sent  to  interested 
parties  on  request  to  the  Chicago  ofiice 
of  the  company. 


MASTIC  FLOORING  FOR  INDUSTRIAL 
PLANTS 

The  problem  of  flooring  the  factory 
is  a  difiicult  one,  but  the  obstacles 
which  present  themselves  in  the  aver- 
age plant  seem  at  last  to  have  been 
overcome  by  a  flooring  material 
known  as  J-M  Mastic.  This  flooring 
is  unequalled  for  factory  and  ware- 
house use,  even  under  the  heaviest 
trucking  conditions,  and  on  account 
of  its  noiseless  character  is  a  boon  in 
plants  where  there  is  considerable 
trucking.  Another  feature  in  its  favor 
is  its  peculiar  b'^lding  quality  which 
prevents  slipping.  J-M  Mastic  Floor- 
ing provides  a  surface  that  is  water- 
proof and  at  the  same  time  practically 
wear-proof  under  ordinary  service 
conditions.  It  is  also  unaffected  by 
acids,  alkali  and  brine.  Being  water- 
proof it  is  absolutely  sanitary,  as  it 
can  be  quickly  and  thoroughly  cleaned 
by  the  simple  process  of  flushing, 
after  which  it  dries  out  immediately. 
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That  transmission  voltages  are  still  on  the  increase 
is  made  evident  in  this  issue  of  the  Journal,  in 
which  there  are  five  articles  dealing  directly  or  in- 
directly with  electrical  apparatus  suitable  for  trans- 
mission voltages  of  i50(X)0  volts  and  above. 
Specific  apparatus  for  a  western  transmission  system  of  150000 
volts  nominal  voltage  is  particularly  described.  In  this  case  the  ap- 
paratus has  been  designed  to  withstand  a  test  voltage  of  two  and 
one-half  times  normal  or  375  000  volts  to  ground.  According  to 
the  standards  commonly  ased  and  accepted  by  most  engineers  as 
sufficient  (the  A.  I.  E.  E.  standard  of  double  normal  voltage)  this 
apparatus  is  suitable  for  operation  on  a  transmission  voltage  of 
187000  volts,  as  far  as  insulation  is  concerned.  This  voltage  is 
nearly  35  percent  higher  than  any  transmission  voltage  used  any- 
where and  is  70  percent  higher  than  the  next  lower  transmission 
voltagvi  (no 000  volts)  that  has  come  into  general  use.  From 
this  it  can  be  seen  not  only  that  transmission  voltages  arc  on  the 
increase,  but  that  the  rate  of  increase  is  certainly  not  slow. 

'J'hc  physical  size  of  such  high  voltage  apparatus  is  one  of  the 
noticeable  features.  This  is  shown  by  a  number  of  the  illustrations 
of  transformers  and  other  apparatus  in  this  issue.  It  is  brought 
out  in  a  startling  manner  by  Mr.  Dann's  statement  that  a  40000 
k.v.a.  transformer  designed  for  use  on  22000  volts  would  be  no 
larger  in  physical  dimensions  than  the  4500  k.v.a.  150000  volt 
transformer  which  he  describes. 

Probably  the  best  index  of  the  advance  of  the  art  of  designing 
high  tension  traa>^ formers  are  the  results  that  have  l)ccn  achieved  on 
terminal  bushings.  The  article  by  Messrs.  Fortescuc  and  Matecr, 
dcsoril)ing  the  ondtnscr  type  of  terminal  and  giving  a  large 
amount  of  data,  will  be  of  unusual  iiit»rost  f.>  the  engineering 
profession. 
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If  the  statement  had  been  made  five  years  ago  that  a  150000 
volt  bushing  could  be  made  so  as  to  pass  through  an  opening  in  a 
metal  transformer  tank  not  more  than  10  inches  in  diameter  and 
suitable  for  a  test  of  not  less  than  375  000  volts  to  ground,  it  would 
hardly  have  been  credited.  Still  more  surprising  is  the  fact  that 
this  is  accomplished  without  stressing  the  dielectric  properties  of 
the  material  used  beyond  a  very  conservative  value.  Further,  the 
almost  entire  absence  of  corona  at  any  point,  even  at  maximum  test 
voltage  indicates  that  even  the  air  surrounding  these  terminals 
is  nowhere  stressed  to  its  breaking  point.  Such  a  result  has  been 
obtained  only  by  a  thorough  understanding  of  the  principles  gov- 
erning the  distribution  of  potential  and  particularly  by  the  use  of 
condenser  principles,  whereby  a  proper  potential  distribution  may 
be  obtained. 

The  results  of  the  test  and  the  operation  of  these  terminal 
bushings  make  it  necessary  for  most  engineers  to  revise  their  ideas 
concerning  the  dielectric  strength  of  air.  Many  engineers  have 
derived  their  ideas  on  this  subject  from  the  sparking  distances 
across  a  needle  point  air-gap.  Ten  thousand  volts  per  inch  is  the 
rough  figure  that  many  high  tension  engineers  carry  in  their  minds 
as  the  figure  for  the  dielectric  strength  of  air,  and  this  figure  comes 
directly  from  the  curve  which  connects  potential  and  sparking  dis- 
tance for  needle  points.  As  a  matter  of  fact,  air  uni formally 
stressed  will  stand  five  or  six  times  this  amount,  all  due  to  the  fact 
that  the  needle  gap  gives  such  bad  voltage  gradient.  By  designing 
the  terminals  and  shaping  the  static  fields  properly  a  very  consider- 
able proportion  of  this  ideal  ultimate  may  be  realized  in  actual 
practice.  However,  it  is  only  by  the  application  of  proper  prin- 
ciples, such  as  is  so  beautifully  illustrated  in  the  condenser  termi- 
nal, that  any  such  result  can  be  approached. 

It  seems  probable  that  the  next  ten  years  will  not  bring  about 

any.  such  increase  in  transmission  voltages  as  has  been  witnessed 

in  the  la.st  ten  years.     The  question  of  economics  alone,  bearing  in 

mind    the    rapidity    with    which    apparatus    increases    in    cost    with 

voltage,  would  indicate  this  result.     However,  he  is  a  rash  man,  in 

view  of  what  has  taken  place  during  the  last  decade,  who  would 

make  any  definite  prediction  along  this  line. 

P.  M.  Lincoln 
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The    value    of    nnuh    of    the    product    of    modern 
A  New  iiukistrial  concerns  depends  on  the  exactness  with 

Kind  of  which  the  various  manufacturing  processes  can  be 
Engineering  carried  out.  In  ,small  estabhshments,  where  pro- 
cesses are  relatively  few  or  simple,  the  details,  when 
once  established,  may  be  transmitted  from  su[)erintendent  to  fore- 
man, and  foreman  to  workman,  with  comparatively  little  change,  if 
care  is  exercised.  In  larger  a-^tablishments,  where  processes  are  many 
and  complicated,  where  foremen  and  workmen  change,  and  where 
new  processes  are  continually  re(|uired,  something  more  than  tradi- 
tion and  word  of  mouth  is  needed  to  keep  important  processes  from 
being  changed,  either  through  oversight  or  intention.  Many  manu- 
facturing processes  are  arrived  at  only  after  careful  scientific  work 
and,  where  limits  of  temi)erature  are  close  or  where  variations  in 
processes  must  be  made  for  conmiercial  variations  in  material  or 
where  chemical  reactions  must  take  place  in  a  given  order,  it  be- 
comes absolutely  necessary  to  give  foremen  and  workmen  definite 
instructions  as  to  the  way  in  which  their  part  of  the  work  should 
be  done. 

When  now  products  are  to  be  manufactured,  requiring  new 
processes,  the  experimental  part  of  the  work  should  be  completed 
before  regular  manufacturing  is  begun;  and  the  steps  in  the  pro- 
cesses, together  with  the  limitations  in  each  step,  should  be  known, 
and  the  information  presented  in  such  form  that  each  workman  can 
be  instructed  as  to  what  should  be  done  and  what  should  not  be 
done  in  order  to  secure  the  desired  results. 

In  some  lines  of  work  there  is  a  feeling  on  the  part  of  the 
workman  that  his  personal  knowledge  and  skill  is  his  "stock  in 
trade"  which  permits  him  to  hold  his  position,  and  that  to  give  this 
information  to  others  in  such  form  that  additional  workmen  or  his 
successors  may  be  trained,  will  result  in  his  losing  his  position  or 
having  his  income  reduceil.  This  feeling  on  the  part  of  many 
workmen,  and  even  on  the  part  of  those  in  charge  of  certain  classci 
of  work,  is  at  the  bottom  of  not  the  least  of  the  ditlicullies  in  the 
way  of  getting  the  data  in  cotmection  with  various  processes  in 
large  manufacturing  concerns  ijito  such  shape  that  they  may  be 
transmitted  to  others. 

The  tremendous  increase  in  the  amount  oi  work  done  by 
various  industrial  establishments,  requiring  either  a  special  skill 
on  the  part  of  the  workmen  or  a  set  of  directions  which  can  easily 
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be  followed,  has  made  it  necessary  to  provide  some  sort  of  con- 
sistent plan  by  means  of  which  the  manufacturing  company  can 
insure  that  its  products  will  be  kept  at  a  uniformly  high  grade  of 
excellence.  With  the  multitude  of  new  materials,  and  new  require- 
ments which  are  constantly  arising,  the  only  safe  plan  is  to  describe 
each  process  in  the  form  of  a  specification,  so  that  when  once  in 
satisfactory  operation  it  may  be  continued  regardless  of  change  of 
foreman,  or  workman,  or  material. 

All  this  has  led  to  a  new  kind  of  engineering,  which  we  may 
call  "Process  Engineering"  and  the  development  of  the  "process" 
specification.  It  is  a  significant  fact  that  in  a  large  industrial  estab- 
lishment, there  are  few  processes,  no  matter  how  simple,  which 
cannot  be  bettered  or  cheapened  by  careful  scientific  work  and  the 
standardization  of  the  ways  and  means  by  which  they  are  carried 
out.  It  has  further  been  observed  that,  in  general,  instead  of  taking 
away  the  job  of  the  workman,  who  is  more  or  less  skilled  in  his 
particular  branch,  this  standardization  of  processes  adds  to  his 
efficiency  and  his  ability  to  better  both  his  own  condition  and  that 
of  his  employer. 

A  satisfactory  process  specification,  moreover,  allows  the  use 
of  entirely  commercial  materials  with  their  necessary  commercial 
variations,  and  provides  for  the  transformation  of  these  materials 
into  the  desired  manufactured  products  with  limits  in  variation  not 
greater  than  may  be  commercial  for  these  particular  products. 
Where  exceptional  quality  is  required,  it  also  provides  a  means  of 
procuring  this  exceptional  quality  by  taking  into  account  all  the 
variations  in  materials  and  methods,  and  selecting  those  which  will 
give  the  best  result.  When  process  specifications  are  properly  pre- 
pared and  properly  carried  out,  heat  treatments  of  steel,  the  manu- 
facture of  alloys,  the  manufacture  of  insulating  materials  and  the 
processing  of  high  voltage  transformers,  all  become  matters  of 
exact  science  rather  than  hit-and-miss  methods  depending  on  the 
individual  skill  of  the  workman. 

It  is  probably  not  too  much  to  predict  that  this  definite  method 
of  taking  care  of  processes,  originating,  as  far  as  the  writer  knows, 
about  ten  years  ago  in  the  works  of  the  Westinghouse  Electric  & 
Mfg.  Company,  and  outlined  by  the  Messrs.  Lynch,  in  the  article 
entitled,  "The  Value  of  Process  Specification.s"  in  this  issue  of  the 
Journal,  will  be  found  of  great  value  in  many  industrial  estal)- 
lishments.  C.   M.  Sktnnek 
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One    tendency   of    modern    electrical    apparatus    is 
toward    refinement    and    special    adaptation    to    re- 

(|uirements.    Such  refinement,  while  making  the  ap- 

Refinement  in  ,  a;  ■     ^       j  r  c     ^        c      ^x 

paratus  more  efficient  and  more  satisfactory  for  the 

purpose  desired,  often  involves  more  skilled  care 
^  and  attention.     One  common  example  of  this  is  the 

mercury  rectifier-metallic  flame  arc  light.  A  light  of  desirable 
whiteness  and  in  suitable  units  is  obtained  at  an  attractively  low 
cost  for  energy.  These  desirable  features  are  obtained,  however, 
by  a  refinement  of  the  electrical  equipment  that  makes  it  rather 
more  senstive  to  the  care  received  than  some  of  the  older  and  less 
efficient  and  less  satisfactory  systems  of  illu  nination. 

The  multiple-unit  control  of  electrically  propelled  cars  and 
locomotives  by  means  of  unit  switches  is  another  illustration  of  this 
tendency,  that  has  become  well  established.  Unquestionably  a 
higher  degree  of  .>kill  is  recjuired  t-)  care  for  a  modern  car  with  its 
collection  of  contactors,  relays,  limit  switches,  etc.,  than  to  file  up 
or  replace  contacts  on  a  drum  controller.  The  advantages,  how- 
ever, have  proved  to  be  well  wt)rth  the  complication.  In  fact  it  has 
often  been  the  confronting  of  a  severe  necessity  rather  than  a  con- 
sideration of  advantages  that  has  jirompted  the  use  of  such  refine- 
ments. 

The  article  in  this  issue  1)\  .Mr.  G.  C.  Dill  on  "Electrolytic 
Lightning  Arresters"  shows  the  effect  on  this  type  of  apparatus  of 
the  demand  for  greater  eflfectiveness  and  adajitability  to  special  re- 
quirements. Some  of  the  older  types  of  arresters  could  be  con- 
nected up  and  forgotten  and.  in  fact,  often  were,  until  they  went  up 
in  a  flisplay  of  fireworks.  As  Mr.  Dill  has  shown,  the  type  of  ar- 
rester, which  has  now  come  \x\\.o  common  use  throughout  the  coun- 
try, requires  particular  care  and  attention.  Like  the  other  special- 
\y.ed  apparatus,  however,  it  repays  this  care  with  an  etTcctivencss 
uhirh  .'ipparentlv  ran  be  obtained  in  no  other  way. 

R.    P.    T.\(K.«iON 


THE  CONDENSER  TYPE  OUTLET  TERMINAL 

THEORY  OF  DESIGN. 

C.  FORTESCUE 

UNTIL  the  development  of  the  condenser  type  terminal,  the 
outlet  terminal  was  one  of  the  chief  limitations  in  the  de- 
sign of  high  voltage  transformers  and  circuit  breakers. 
As  early  as  1906,  two  years  before  the  condenser  type  terminal 
was  introduced,  experiments  were  made  with  various  types  of  ter- 
minals for  voltages  greater  than  66  000  volts ;  among  these  was 
the  oil  filled  type.  This  type  of  terminal  gave  so  much  trouble  on 
account  of  its  tendency  to  leak  oil  that  it  was  finally  abandoned 
by  the  company  with  which  the  writer  is  connected  without  be- 
ing placed  in  commercial  service.  In  another  form  of  terminal 
which  was  developed  at  the  same  time,  use  was  made  of  a  large 
Portland  cement  bushing  within  which  was  cemented  a  micarta 
covered  brass  tube.  This  type  of  terminal  is  doing  excellent  ser- 
vice at  the  present  time;  in  fact,  the  first  100 000  volt  transformers 
manufactured  for  power  purposes  (and  which  were  actually  put 
into  service  at  117  000  volts)  were  equipped  with  this  terminal, 
and  have  been   in  uninterrupted  service   since    1907. 

The  use  of  condensers  to  distribute  the  stress  internally  and 
externally  was  a  distinct  forward  step  in  the  theory  of  terminal 
design,  and  the  commercialization  of  the  condenser  type  terminal 
and  the  suspension  type  insulator  marked  the  beginning  of  a  new 
era  in  high  voltage  transmission.  At  present  a  condenser  type 
terminal  may  be  designed  and  constructed  for  any  voltage.  The 
cost  is  the  sole  limitation  and  this  varies  approximately  as  the 
cube  of  the  voltage. 

In  order  to  obtain  a  mental  conception  of  the  principle  upon 
which  the  condenser  type  terminal  depends,  imagine  a  large  circu- 
lar disc,  Fig.  I,  a  distance  d  from  an  infinite  plane  at  zero  po- 
tential. The  electric  field  between  the  disc  and  the  plane  may  be 
imagined  as  laid  out  in  equipotential  surfaces,  decreasing  in  po- 
tential from  the  disc  to  the  plane  by  equal  infinitesimal  decrements. 
If  the  diameter  of  the  disc  is  large  in  proportion  to  its  distance 
from  the  plane  these  surfaces  will  coincide  in  the  space  between 
the  disc  and  the  plane  with  a  system  of  equi-spaced  planes  par- 
allel to  the  disc  and  the  zero  potential  plane.  Assume  that  on 
each  of  these  surfaces  a  ring  of  any  diameter  and  of  infinitesimal 
area  of  cross-section  is  placed,  and  let  it  be  kept  at  the  same  po- 
tential as  the  surface  on  which  it  lies.    These  rings  will  not  diS' 
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turl)  the  clcdric  field  and,  since  they  are  infinite  in  number,  tlieir 
envelope*  will  enclose  a  space  Ijetvveen  the  disc  and  the  zero  i)o- 
tontial  surface.  Within  this  space  any  system  of  electric  field  dis- 
tribution may  be  substituted  for  that  due  to  the  disc  and  plane, 
so  long  as  it  results  in  the  same  values  of  potential  at  each  point 
of  this  surface  as  those  due  to  the  disc  and  plane,  without  chang- 
ing the  electric  intensity  in  the  external  field.  A  system  of  con- 
centric cylindrical  conductors  may,  therefore,  be  placed  in  this 
space,  the  ends  of  which  coincide  with  the  rings  and  their  re- 
spective capacities  being  such  that  each  will  have  the  same  po- 


Fin. 


FIG.   2 


tential  as  that  of  the  ring  with  which  its  end  coincides.  These 
cylinders  may  be  considered  as  extending  through  the  zero  po- 
tential plane,  and  ending  in  a  siiuilar  system  of  rings  lying  <mi 
the  erjuii)Otential  surfaces  of  another  disc  and  another  zero  po- 
tential plane  parallel  to  the  first.  With  a  proper  relation  of  di- 
ameters of  rings  to  lengths  of  cylinders,  the  ends  of  each  cylinder 
will  lie  on  the  erjuii)otcntial  surface  of  both  the  fields  between 
the  discs  and  planes  which  have  the  same  potential  as  the  cylinder. 
The  space  enclosed  by  the  envelopes  of  the  ends  of  the  cylin- 
ders and   the  external   conducting  cylinder  between   the   two  jiar- 


*If  ;ill  the  niombcrs  of  the  family  of  curves  '^  (xyzc  1  —  u  l>e  dr.iwn. 
wliich  correspond  to  a  system  of  infinitesimally  close  values  of  the  para- 
meter r.  arranged  in  order  of  maRnitude,  consecutive  curves  heiiiK  any  two 
curves  which  correspond  to  two  consecutive  values  of  c:  then  the  locus  of 
the  ultimate  point  of  intersection  of  consecutive  memhers  of  the  family  of 
ciTves.  is  called  the  envelope  of  the  family. 
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allel  zero  potential  planes,  may  be  regarded  as  an  outlet  terminal. 
The  zero  potential  surfaces  may  be  the  cover  of  a  transformer, 
a  roof  or  any  structure  through  which  the  outlet  may  pass.  Such 
a  terminal  with  an  infinite  number  of  layers  would  have  a  sur- 
face strength  depending  only  upon  the  rupturing  voltage  of  the 
air  between  the  discs  and  zero  potential  planes. 

In  actual  practice  the  steps  between  rings  must  be  finite. 
There  will,  therefore,  be  a  little  concentration  of  dielectric  flux  at 
the  ends  of  each  cylinder.  One  way  to  reduce  this  concentration 
is  to  make  the  diameter  of  the  terminal  larger;  another  is  to  seal 
in  the  surface  with  a  dielectric  compound  which  is  stronger  than 

air,  has  a  higher  specific  induc- 
tive capacity  and  will,  there- 
fore, reduce  the  stresses  at  the 
ends  of  the  cylinders  and  at  the 
.same  time  be  able  to  withstand 
them  better  than  air.  The  ex- 
ternal surface  of  this  dielectric 
must  coincide  with  the  direction 
of  the  flow  lines  or  Faraday 
tuljes  from  the  discs  to  the 
planes.  The  approximately  correct  shape  will,  therefore,  be  an 
external  cylinder  concentric  with  the  terminal. 

The  dielectric  between  the  cylinders  may  be  of  any  homoge- 
neous material  of  high  breakdown  strength  and  low  dielectric  loss. 
If  the  lengths  of  the  cylinders,  and  the  differences  of  the  loga- 
rithms of  consecutive  radii  decrease  in  arithmetic  progression,  and 
if  the  decrements  of  the  two  series  bear  the  proper  relation  to 
each  other,  the  result  will  be  a  condenser  terminal,  having  equal 
capacities  between  adjacent  cylinders.  The  relations  between  the 
diameters  and  lengths  of  the  conducting  tubes  are  obtained  by 
simple  mathematical  processes*  and  with  proper  materials  the  ter- 
minal may  be  accurately  constructed. 


FIG.   3 


FIG.   4 


=  Let   r  be  the  radius  of  the  inner  cylinder, 
r,„,  the  radius  the  outer  cyHnder, 
/o  ,  the  length  of  the  inner  cylinder, 
/,«,  the  length  of  the  outer  cylinder, 
/i,  i-i^  An  -  1,  the  lengths  of  the  various  steps, 
Fo  ,  the  radial  intensity  at  the  surface  of  tne  innei-  cylinder,  expressed 

in  kilovolts  per  unit  length, 
Fm,  the  radial  intensity  at  the  surface  of  the  outer  cylinder,    expressed 

in  the  same  terms. 
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In  a  paper  ]jresentetl  before  tlie  American  Institute  of  ]£lec- 
trical  Engineers  in  March,  1913,  it  is  shown  that  the  prevalent 
idea  of  surface  creepage  is  incorrect  and  that  tiie  strength  over 
any  surface  of  insulating  material  depends  merely  upon  the  inten- 
sity to  which  the  air  along  the  surface  is  stressed.  Porcelain  is 
a  material  of  high  specific  inducti\e  cai)acity  and,  therefore,  where 
it  is  present  in  large  masses  in  forms  whose  outlines  do  not  con- 
form to  the  natural  flow  lines,  these  flow  lines  or  Faraday  tubes 
concentrate  at  its  surfaces,  producing  corona  even  at  moderate 
voltages.  In  most  insulators  and  outlet  terminals  using  porcelain, 
some  corona  is  present  at  working  voltages  and  at  test  voltages 
manifests  itself  by  the  phenomenon  of  creepage  over  the  surface 
of  the  porcelain.  In  the  condenser  type  terminal  there  is  no  con- 
centration of  dielectric  flux  at  the  surface  of  the  terminal  if  the 
number  of  steps  is  infinite,  and  in  commercial  designs,  where  the 
steps  are  finite  in  number,  the  little  concentration  that  exists  due 
to  this  fact  is  rendered  inocuous  by  the  dielectric  filler  now  pro- 
vided on  the  air  end  of  all  terminals  inside  the  cylindrical  casing. 
On  the  oil  end  the  oil  prevents  the  formation  of  corona  until  a 
voltage  is  reached  much  in  excess  of  the  maximum  test  voltage 
for  which  they  are  designed. 

Let  Fn  ,  the  radial  intensity  at  the  surface  of  the  nth  cylinder. 

I'm,  the  potential  of  the  inner  cylinder,  tluit  of  the  outer  being  zero. 

•S"  =;  lo  —  1 1  and  mS  =  lo  —  Im.  the  first  being  the  difference  in  length 
between  cr  nsecutive  steps  and  the  .second  being  the  total  difference. 
Since  the  total  dielectric  strenj.(th  is  constant 

I'o  'o  To  =^  I^n   In  r„         !•  ni  Ini  r„i ( 1  I 

and  therefore 

^m I'o  'o  , -,. 

r  V       1       •  (-) 

'o  '  m    Mil 

The   intensity  /•  at  any  cylinder    in    the   terminal    of   radius  ;•  having  a 
length  /parallel  to  the  axis  will  be  by  the  relation,  (1) 

dv  Fo  lo  r,,        1",„  1„,  r„, 

~dr   -    ^  -         rl         "^        rl  ^^^ 

Since  the  potential  of  each  cylinder  is  proportional  to  its   length  ovi  r  /... 

V  .= 


Vm(l-lm) 


'o   Mil 

and  therefore 

dv=.   ^""'      dl  0 

'o  —  'in 

Substituting  this  in  (.'t)  and  arranging  terms 

Fo  lo  r„  V«"     ,  ,, 

dr       —  1.11 

r  lo       1„. 

or  I-.,  1.,  r..  l..K,v  =.\-    .  ) 

-  t  'o  ^      'in  ' 
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In  some  cases,  in  considering  the  principle  of  the  condenser 
type  terminal,  more  emphasis  has  been  placed  on  uniform  radial 
stress  than  on  the  more  important  feature  of  uniform  surface 
stress.  The  efficiency  in  design  of  a  terminal  must  be  considered 
not  only  from  the  point  of  view  of  the  effectiveness  of  applica- 
tion of  the  insulating  material  around  the  lead  but  also  of  the 
uniformity  of  stress  in  the  region  external  to  the  terminal.  Thus, 
instead  of  being  designed  with  a  disc  at  its  tip  the  terminal  might 
have  been  designed  with  a  sphere,  and  instead  of  having  a  plane 
at  ground  potential  a  larger  sphere  might  have  been  used.  The 
design  under  such  conditions  would  have  depended  on  the  field 
between  two  spheres,  the  larger  of  which  is  at  zero  potential.  The 
terminal  having  uniform  distribution  of  stress  in  the  material, 
which  has  been  described  as  theoretically  ideal,  is  seen  to  be  very 
defective,  when  considered  from  the  broader  point  of  view,  since 

We  thus  have  for  the  inner  and  outT  cylinders  the  relation 

FoloTo  loge  ro  =  A  —  i^-^^-!^^-5j—    ((>) 

Fo  lo  ro  loge  r,n  =  A-  ^   .y^^  ^\    .  (7) 

Subtracting  (6)  from  (7)  we  have 

T?     1  _T7      1  _   Vm(lo  +  lm)„  Vm(]o  +    Im)  . 

2  loge    I^  2  loge  J^^ 

To  -'^lll   Mil 

Whence  we  have 

^  m   (ip  +  liii)  i()\ 

2  Fo  lo  loge    ^p; — r 
^m  Mil 

Viii(io  +  hii)  (-[Q] 

rm=  p^  ' ^      -' 

2Fmlinloge    ^°  , 

Eliminating  A  from  (5)  by  means  of  (6)  and  substituting  for  Fq  Iq  Tq  from 
(8)  we  have 

lege  r  =  loge  ro  +  i^^   log  ^^ (12) 

lo  Im  i^m    Im 

These  may  be  put  into  exponential  form,  thus: 

In  the  above  discussion  the  steps  have  been  assumed  infinite  in  number. 
Considering  the  steps  to  be  m  in  number— 

2  (m  -  n)  1,„  +  (m-  n)^S         Fo  lo   ^^> 
lege  rn  -  loge  ri„ STCV^lm)  ^  Fni   hu  ^      ^ 


CONDENSER    TERMINAL  723 

the  resulting  potential  at  the  surface  of  the  terminal  does  not  cor- 
respond to  the  natural  distribution  over  the  same  surface  in  space. 
The  result  must,  therefore,  he  concentration  of  stress  at  the  edges 
of  the  tin   foil   in  such  a  terminal. 

Another  ])oinl   in   the  theory  of   the  condenser  tyi)e   terminal 
that  many  find  dilhcult  to  understand  is  that  the  sharp  edges  of 
the  tin   foil   cylinders  have  no  had  eltect  while  a  similar  projec- 
tion on  the  disc  at  the  top  of  the  terminal  will  show  corona.     The 
explanation  of  this  is  as  follows: — The  edge  of  each  tinfoil  cvlin- 
der  has  a  certain  definite  potential  which  is  determined  by  its  ca- 
pacity with  respect  to  the  remaining  cylinders;  it  has  also  a  ten- 
dency  to  assume  a   certain   potential   by   virtue  of  its  capacity  to 
ground  through  the  external  field.     If  these  two  potentials  agree 
in  value,  the  edges  of  the  cylinders  will  lie  on  equipotential  sur- 
faces of  the  same  value  set  up  by  the  external  system  which  in- 
Taking  the  expression  for  three  consecutive  radii  numbered  («  —  1),  «  and 
(;/   +    1),  and  subtracting  the  second   from  the  third,  and  the  first   from   the 
second  — 

.„       rn     _  2  l,n  +    -!  2  (m  -  n)  +  1  I-    S  ,  Fo  lo 


m  'm 


,         rn  +  i_21n.+  ^2(m-n)-US  Fp  Ip 

^       r„  m  (lo  +  In,)  '°^^  F„  l„, 

loge   ^-loge   ^"r^  =  ;!!?-;'";   lege  /«  j^    (15) 

Tn  — 1  rn  m  (Jp  +lm)  F,„  )„, 

Thus  it  is  seen  that  the  logarithms  of  the  ratios  ^°~   form    an   arithmetic 

rn  -  1 
progression.     A  complete  .set  of  formuUc  for  designing  a  condenser  type  ter- 
minal is  given  below: 

^    _         Vn.(lo  +  lm)         _    0.4343  Vnt  (lo  +  Im)  ,,«, 

2Fplploge   ^'^   f        2Fplplog,„   ^f  °    ° 

^      _  V,n(lp+lyJ 0  4343V,,,  do  +  1„,)      ^,_ 

•^i"    —  p~n —  =  -  ,,      ,     .(1<  ) 

2F,„  In,    loge  l>-,°  2F„,   1,„  logio  ^^ 

^  "'  '"'  F„,  1„, 

1         r„,    ^      21„,^S_            Fpjo^ 
^r„_,       m   (lp+   1„)'°S  p^   ,^^   (IS) 


«  r,„  _  ,         m»(lo  +  Im)   ^  F„  1„,  (^^' 

l..g'''"-*=  log'''"-'+      -''"-  '-"Vlog^'"'"  (20) 

«■."-,  ^r„,_,^    m»(lo+lni>     ^F„,l„. ^-"' 

log  rn  -  r„,-2_(£lZ-i')  'n,  Mm-  n)»S        F^  1. 

in(lo+  Im)  ^FnJn, 


=  log  ro-.-"'oZ:^  log   Polo 
I"  do  +  Ini)       ^F,„    l,„ 
Fquations  18  to  21  are  true  for  either  common  or  Naperian  logarithms. 


ni  do  +  lni)'°^F,„  ],„ '-'^ 
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eludes  the  tip  of  the  terminal  and  the  ground  potential  plane,  and 
the  sharp  edges  will  have  no  disturbing  effect.  If  they  differ  in 
potential  there  will  be  a  concentration  of  electric  flux  at  the  edge 
of  the  cylinder  which  will  cause  the  external  field  form  to  change 
from  its  natural  value  so  as  to  agree  with  the  distribution  over 
the  surface  of  the  terminal  and  in  this  case  some  disturbance  may 
be  produced.  When  conductors  with  sharp  edges  are  raised  to  a 
potential  above  ground  in  the  absence  of  external  field  due  to 
some  other  source,  the  stresses  are  those  set  up  by  its  own  field 
and  are  higher  at  the  edges,  the  sharper  the  edges.  The  same 
conductor  at  the  same  potential  could  be  introduced  in  a  field  of 
force  in  such  a  manner  that  it  would  cause  no  increase  in  the 
stress,  provided  that  it  were  an  infinitely  thin  shell.*  If  its  thick- 
ness were  finite  the  stress  would  be  increased,  and  in  this  case 
the  thicker  the  conductor  the  greater  the  stress  will  be. 

There  seems  to  be  a  common  idea  among  many  engineers, 
and  unfortunately  it  is  not  limited  to  those  who  have  had  no  ex- 
perience in  insulation  work,  that  the  flash  over  voltage  of  a  ter- 
minal is  determined  by  the  spill  over  voltage  between  needle  points 
set  at  a  separation  equal  to  the  height  of  the  terminal  above  the 
ground  plane.  This  idea  is  not  in  accord  with  the  facts.  The 
rupture  strength  of  the  air  along  the  surface  of  a  dielectric  de- 
pends on  the  intensity  of  the  stress  to  which  air  is  subjected.  The 
intensity  of  the  stress  may  be  enhanced  by  the  presence  of  the  di- 
electric but  generally  the  forms  of  surface  and  electrodes  may  be 
so  chosen  that  the  presence  of  the  dielectric  does  not  affect  the 
strength  of  the  air  path  over  the  surface.  Terminals  have  been 
constructed  in  which  the  average  stress  to  which  the  air  path  over 
the  surface  of  the  dielectric  was  subjected  before  rupture  took 
place  was  as  high  as  30  000  volts  per  inch,  three  times  the  aver- 
age break  down  strength  of  the  same  distance  in  air  between 
needle  points.f  An  insulator  was  also  constructed  on  the  same 
principle  which  withstood  an  average  stress  at  breakdown  of 
25  000  volts  per  inch  and  would  hold  up  indefinitely  at  an  aver- 


*See  "A  Study  of  Insulation  Problems,"  in  the  Journal  for  July,  1913- 
page  651,  or  "The  Application  of  a  Theorem  of  Electrostatics  to  Insulation 
Problems"  in  the  A.  I.  E.  E.  proceedings,  March,  1913. 

tSee  "Air  as  an  Insulator  When  in  the  Presence  of  Insulating  Bodies 
of  Higher  Specific  Inductive  Capacity,"  in  the  A.  I.  E.  E.  proceedings  for 
March,   1913. 
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age  stress  of  -M  ooo  volls  \kv  inch,  uhii-Ii  is  twice  the  average 
breakdown  strength  per  incli  between  needle  p(3ints  set  at  a  dis- 
tance equal  to  the  sparking  distance  along  the  surface. 

Three  years  ago  a  test  was  made  in  air  on  the  oil  end  (which 
is  12^/2  inches  long)  of  a  looooo  volt  condenser  terminal.  The 
terminal  was  set  up  with  the  end  of  the  outer  cylinder  fiush  with 
a  platform  of  wood  covered  with  tinfoil.  The  central  cylinder  at 
the  short  end  was  surmounted  by  a  sphere  lo  inches  in  diameter 
(which  was  not  the  correct  form  of  electrode  for  this  particular 
terminal).  Under  these  theoretically  imperfect  conditions,  thi,s 
terminal  was  run  at  125000  volts  for  80  hours  and  at  the  end 
of  this  time  was  tested  up  to  175000  volts  before  breaking  over 
tile  surface.  This  condenser  terminal,  which  had  2^  layers  of  in- 
sulating material,  operated  continuously  at  the  rupturing  voltage 
between  needle  points  set  at  a  distance  apart  equal  to  its  creepage 
surface,  and  was  able  to  withstand  without  injury  a  rupturing  volt- 
age 40  percent  higher.  With  more  favorable  conditions  of  test  and 
more  layers  of  insulation,  very  much  higher  test  voltages  for  a 
given  length  may  be  obtained  with  the  condenser  type  principles. 

The  conclusion  to  be  drawn  from  the  foregoing  discussion  is 
that  the  commercially  efficient  design  of  condenser  terminal  must 
be  a  compromise.  If  a  very  short  terminal  i,s  desired  more  layers 
must  be  used  and  the  working  intensity  in  the  material  must  also 
be  reduced,  thus  adding  to  the  cost  of  manufacture.  The  ideal  ter- 
minal commercially  will  be  moderate  in  length  and  will  have  a 
moderate  number  of  layers  and,  therefore,  it  will  nut  recjuire  such 
l)recision  and  care  in  manufacture  as  the  extremely  short  terminal. 


CONSTRUCTION  AND  APPLICATION 

J.   E.    MATEER 

The  commercial  ccMidenscr  terminal  of  today  consists  of  the 
condenser  proper  on  which  is  mounted  a  flange  of  metal.  On  the 
air  end  this  combination  carries  a  cylindrical  casing  of  bakelitc 
niicarta.*  The  space  between  the  casing  and  the  tapered  })orti«)n 
•  if  the  conden.ser  is  filled  with  a  molten  insulating  compound  which 
is  solid  at  ail  operating  tcmi)eratures,  but  is  not  brittle.  At  tlic 
end  of  the  casing  a  static  shield  is  secured,  of  a  form  that  prevents 
any  corona  from  the  connectors  from  reaciiing  tiic  nn'carta  casing. 
On  out-door  apparatus,  the  micarla  casing  is  replaced  by  a  series 

•See  description  of  this  material  in  the  Joi'RNAL  for  July.   1913.  P-  645. 
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of  porcelain  rain  shields.  The  lower  end  of  the  condenser  is 
provided  with  a  metallic  sphere  in  the  case  of  transformers  or  a 
suitable  contact  in  the  case  of  a  circuit  breaker.  The  circuit  breaker 
contact  for  high  voltages  (88000  volts  and  upwards)  is  carefully 
shaped  to  prevent  the  formation  of  corona  under  oil.  The  spheres 
for  transformer  terminals  also  are  proportioned  to  give  the  same 
freedom  from  corona  under  oil.  These  allow  the  placing  of  the 
terminals  in  oil  much  closer  to  parts  of  ground  potential  than  could 
be  done  otherwise  without  interposing  barriers  of  solid  dielectric 
material.  The  shapes  of  these  parts  also  have  a  distinct  influence 
in  reducing  the  amount  of  surface  necessary  to  prevent  breakdown 
between  the  end  of  the  central  conductor  and  the  outer  grounded 
cylinder. 

The  central  conductor  may  be  hollow  or  solid  as  the  required 
conductivity  may  demand.  For  most  transformer  work  the  center 
is  a  hollow  metal  tube  of  such  a  diameter  as  will  be  mechanically 
rigid.  When  desirable  the  fittings  are  designed  so  that  the  lead 
to  the  windings  may  be  drawn  through  this  tube  without  the  neces- 
sity of  getting  beneath  the  surface  of  the  oil  to  connect  with  the 
windings.  The  space  between  the  flange  and  the  condenser  is  filled 
with  an  oil  proof  cement  which  does  not  soften  by  heat. 

The  condenser  proper  seems  to  be  misunderstood  in  some 
quarters,  and  it  is  the  purpose  of  this  article  to  give  a  more  ac- 
curate idea  of  its  nature  as  now  produced.  In  effect,  it  consists 
of  concentric  insulating  cylinders  (varying  in  length  by  a  constant 
difference  and  varying  in  thickness  along  a  logarithmic  curve)  with 
a  layer  of  metal  foil  between  them  about  0.003  i^^ch  thick.  Each 
layer  of  metal  has  the  same  length  as  the  insulating  cylinder  on  its 
outer  surface  and  is  so  placed  as  to  be  completely  covered  by  it. 

Until  the  invention  of  the  micarta  process  a  satisfactory  con- 
denser terminal  could  not  be  made.  Micarta  is  made  up  of  a 
paper  coated  with  a  specially  prepared  shellac  which  is  dried  until 
all  solvent  and  moisture  are  removed.  The  material  is  built  up  in 
layers  by  machinery  which  heats  and  sticks  the  layers  together 
automatically.  The  cylinders  are  not  made  separately  and  forced 
over  one  another,  but  are  built  directly  over  one  another.  By  this 
means  the  diameters  do  not  vary  from  their  theoretical  value  by 
more  than  the  thickness  of  the  material  (0.005  inch)  and  the 
thickness  of  the  walls  is  accurate  to  within  five  percent  of  the  pre- 
determined value.     The  entire  process  is  continuous  and  results  in 
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a   hard   homogeneous   material    which    is    entirely    free    from   weak- 
spots. 

After  removing  from  the  special  machine,  the  cylindrical  forms 
(Fig.  50)  are  turned  in  an  engine  lathe  into  their  final  form 
(Fig.  5  b).  The  last  particles  of  metal  foil  are  removed  by  hand 
so  that  there  is  no  chance  of  cutting  too  deep  at  the  ends  of  the 
steps.  The  terminal  is  returned  to  the  lathe  and  after  smoothing 
with  sand  paper  the  outer  metal  cylinder  is  applied.     This  consists 


iX'.  .-)      (.:*.'.   iij ).    U' )   aiiu    (,(1 ) 
<' — Condenser   as    taken    from    machine,      b — Same    terminal    turneil    and 
ready  ior  varnishing,     f— .Assembled  with  flange  and  micarta  tuhe  for  indoor 
transformer,     d — Assembled  with  flange  and  porcelains  for  ontdoor  service. 

of  a  band  of  wire,  drawn  tight  and  soldered  along  its  length  at 
numerous  points.  Such  a  band  is  well  adapted  to  cementing  in 
Hanges  as  its  surface  grips  the  terminal  and  the  cement  firmly 
without  injuring  the  terminal.  The  entire  terminal  is  given  about 
six  coats  of  a  baking  varnish  that  is  oil  and  water  proof,  but  not 
brittle. 

In  order  to  guard  against  defects  of  ntaterial  or  treatment  the 
terminals    are    subjected    for    4S    hours    to    a    voltage    15    percent 
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greater  than  that  they  will  receive  in  service.  This  voltage  is  im- 
pressed at  60  cycles  between  the  central  conductor  and  the  outer 
band  of  wire.  The  terminals  must  not  show  any  appreciable  tem- 
perature rise  from  internal  losses  during  this  period.  They  are 
then  tested  at  2.75  times  service  voltage  for  one  minute  before  as- 
sembling in  their  flanges.  This  test  is  much  below  their  puncturing 
voltage,  but  until  they  are  mounted  in  flanges  and  fitted  with 
casings  and  static  shields,  higher  tests  may  produce  flashing  over 
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FIG.   6  FIG.    7 

FIG.      6 STANDARD      1 10  000     VOLT     TRANSFORMER     TERMINAL      FOR 

OUTDOOR    SERVICE 

FIG.  7 — THE  SAME  TERMINAL  AS   SHOWN  IN  FIG.  6  FLASHING  OVER 

AT  270  000  VOLTS  UNDER  A   SPRAY  OF  O.4  INCH  PER  MINUTE 

their  surfaces  due  to  concentration  of  static  field  at  the  ends  of 
the  central  conductor  and  metallic  layers.  Such  terminals,  when 
completed,  will  not  heat  from  dielectric  loss  at  any  voltage  they 
will  receive  in  the  service  for  which  they  are  designed,  and  will 
not  puncture  on  a  one  minute  test  at  any  voltage  below  their  flash- 
over  point. 

The  earlier  applications  of  condenser  tcriiiinnls  were   withoni 
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static  shields  (they  are  still  omitted  at  66000  volts  and  below  ex- 
cept for  very  short  terminals).  They  also  had  no  cylindrical 
casings  on  the  air  end.  The  addition  of  these  features  has  greatly 
increased  their  flashover  voltage  and  increased  their  ability  to  resist 
bad  conditions  of  moisture. 

The  static  shields  now  used  have  a  flat  surface  at  right  angles 
to  the   axis   of   the   terminal   and   the   edge   rolls   away    from   the 

2  «- 


FIG.  8 — (a),  (b)  and  (c),  roof  entrance  bushing 

The  diameter  of  the  condenser  is  6.64  inches.  The  diameter  of  hole 
required  is  9.5  inches  to  allow  its  introchjction  into  a  roof  with  sufficient 
clearance  to  prevent  injury  to  the  terminal. 

<J — Condenser  for  roof  entrance.  6— Same  terminal  assembled  with 
llange  with  micarta  casing  on  indoor  end.     c — With  roof  entrance  complete. 

terminal  condenser.  They  vary  in  size  from  nine  inches  in 
diameter  on  terminals  for  service  voltages  of  66000  to  115  000 
volts,  inclusive,  to  72  inches  in  diameter  on  terminals  designed 
for  500000  volt  transformers.  The  edges  of  the  smaller  shields 
are  rolled  to  a  one  inch  radius  and  the  larger  to  a  7.5  inch  radius. 
When  the  static  shield  is  of  sufficient  diameter  the  cylindrical 
casing  may  be  omitted,  yet  no  corona  appears  at  the  ends  of  the 
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metallic  layers  and  flashover  takes  place  from  the  edge  of  the  shield 
to  the  cover  of  the  transformer  tank. 

On  power  transformers  with  two  or  more  outlet  leads  the 
diameter  of  the  shield  is  limited,  although  reducing  the  distance 
between  the  tips  of  the  terminals  by  the  use  of  static  shields  with 
large  rolls  on  the  rims  tends  to  increase  the  voltage  required  to 
break  down  the  air  between  them,  if  not  carried  to  extremes.  The 
proper  diameter  suited  to  the  particular  application  must  be  found 
by  experimental  research.  The  experience  of  the 
P  designers  at  present  is  sufficient  to  enable  a  proper 

selection  to  be  made  for  any  purpose  required. 

In  order  to  show  the  phenomenal  strength  of 
these  terminals  as  now  designed  and  manufactured, 
descriptions  of  several  are  given  with  considerable 
detail.  No  attempt  is  made  to  compare  dimen- 
sions with  other  types  as  no  other  type  of  terminals 
known  to  the  writer  can  approximate  the  results 
herein  given. 

The  66  ooo  volt  terminal  .shown  in  Fig  5  c,  has 
a  dry  flash-over  voltage  of  approximately  220000 
volts.  The  indoor  terminal  has  a  creepage  sur- 
face in  air  along  the  cylinder  from  the  flange  to 
the  static  shield  of  25.5  inches.  The  number  of 
insulating  layers  is  17.  The  greatest  diameter  of 
the  insulation  is  4.09  inches  and  of  the  central  con- 
ductor 1.75  inches.  The  flashover  of  the  outdoor 
terminal,  Fig.  5  d,  under  a  spray  of  0.25  inches 
per  minute  directed  at  45  degrees  is  approximately 
155000  volts.  At  165000  volts  dry  no  corona  ap- 
pears on  the  insulating  surfaces  of  either  terminal 
9— OUTDOOR  j-iQi-  js  there  any  corona  at  135000  volts  on  the 
outdoor  terminal  when  under  the  spray  test,  ex- 
150000    VOLT    cept  at  the  top  metal  bell. 

TRANSFORMER  ^  ,  1100  1.    .  • 

Tests  were  made  on  standard  08  000  volt  termi- 
nals for  a  firm  of  well-known  engineers  as  follow,s : — The  terminal 
had  22  insulating  layers ;  diameter  of  central  conductor,  two  inches ; 
outside  diameter  of  insulation,  5.24  inches;  creepage  surface  from 
wire  band  to  static  field,  2)7  inches.  Two  terminals  were  tested, 
one  with  a  compound-filled  micarta  casing  and  the  other  without. 
The  flashover  voltage  of  the  terminal  with  casing  was  in  excess  of 
:;coooo  volts,  which  was  the  highest  voltage  obtainable  at  the  place 
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where  tests  were  made.  I  Ikic  was  no  corona  on  the  insulating 
surfaces  of  the  terminal  at  lhi>  voltage.  The  terminal  without  cas- 
ing flashed  over  repeated!}'  at  285  000  volts.  Both  terminals  held 
220000  volts  without  distress  for  five  minutes,  and  after  these 
severe  conditions  a  test  for  100  hours  at  110000  volts,  60  cycles 
without  appreciable  rise  of  temperature.  The  test  at  220000 
volts  was  then  repeated  without  injury  to  the  terminals.  Various 
layers  of  one  terminal  were  short-circuited  and  the  reduction  of 
flashover  voltage  was  proportional  to  the  number  of  layers  short- 
circuited. 

Some  88000  volt  terminals  in  service  on  a  circuit  breaker  dur- 
ing a  severe  winter  and  without  protecting  casings  on  their  stepped 
surfaces  were  exposed  to  water  which  came  through  the  outlet 
apertures  in  the  wall  and,  running  down  the  conductors,  froze  on 
their  surfaces  until  they  were  coated  with  ice.  When  the  ice  melted 
they  were  somewhat  damaged  on  part  of  the  surface,  but  with  about 
one-third  of  the  creepage  surface  carbonized  and  short-circuited 
by  static  leakage  these  terminals  continued  to  give  service  for  some 
months  until  removed  and  replaced  by  others  provided  with  casings. 

A  standard  indoor  transformer  terminal  for  100  000  volt 
service,  having  a  creepage  surface  along  the  casing  of  42  inches, 
was  submitted  to  a  spray  of  0.2  inch  per  minute.  At  60000  volts 
there  was  very  little  corona.  At  100000  volts  the  terminal  began 
to  give  oflf  steam  from  the  rapid  evaporation  of  the  water  on  its 
surface,  but  was  otherwise  uninjured,  and  when  wiped  dry  stood 
a  test  of  250000  volts  for  one  minute  without  any  signs  of  distress. 
This  test  was  repeated  on  several  terminals  with  like  results,  and 
constituted  part  of  the  contract  test  in  an  installation  involving 
about  TOO  terminals. 

A  standard  transformer  terminal  for  1 10  000  volt  service,  hav- 
ing a  creej)age  surface  alung  the  casing  of  49  inches,  was  tested 
for  one  minute  at  each  of  the  following  voltages  with  only  sufficient 
interval  between  tests  to  raise  the  voltage:  300000  volts.  325000 
volts,  350000  volts,  375000  volts.  The  terminal  then  flashed  ovei 
instantly  at  400000  volts.  As  there  was  considerable  power  behind 
the  testing  apparatus  some  small  pieces  were  blown  off  the  outer 
surface  of  the  micarta  casing,  but  the  terminal  easily  withstood 
375  000  volts  for  one  minute  as  soon  as  the  voltage  could  be  re- 
applied. During  these  tests  there  was  an  entire  absence  of  any 
static  discharges  or  corona  on  the  insulating  parts  of  the  terminal 
until  it  flashed  over  at  400000  volts. 
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Later  developments  have  shown  that  the  use  of  a  larger  static 
shield  (one  of  9  inches  diameter  was  used)  would  probably  permit 
of  testing  this  terminal  at  400  000  volts  without  flashover  as  none 
of  the  insulation  on  the  condenser  proper  was  punctured. 

The  condenser  terminal  was  used  on  the  first  outdoor  ap- 
paratus actually  put  into  commercial  service  at  100  000  volts.  It 
was  early  appreciated  that  the  uniformly  distributed  static  field 
along  its  surface  would  materially  increase  the  effectiveness  of 
porcelain  petticoats  used  on  such  apparatus  when  subjected  to  high 
voltage  tests  under  a  spray  of  water.  Early  experiments  with 
metal  shields  connected  electrically  to  the  metallic  layers  of  the 
condenser  gave  remarkable  results  under  a  spray.  Terminals  with 
numerous  rain  shields  of  earthenware  were  actually  put  into  service 
at  100  000  volts  and  never  failed  from  lack  of  ability  to  withstand 
line  voltage  under  any  condition  of  weather.  Metal  bells  were, 
however,  never  put  into  service,  because  they  would  fail  under 
melting  snow  if  the  snow  contained  any  deposits  of  soot  or  dust. 
The  earthenware  shields  proved  unsatisfactory  during  frosty 
weather,  as  the  glaze  fell  off,  allowing  moisture  to  penetrate  the 
body  of  the  shields  and  crack  them  when  freezing  weather  returned. 

At  present  all  condenser  terminals  for  outdoor  service  are 
covered  with  a  series  of  porcelain  rain  shields  cemented  together 
so  as  to  form  a  watertight  tube.  The  inside  of  this  tube  is  filled 
with  the  same  compound  as  is  used  on  the  indoor  terminals  inside 
the  micarta  casing.  The  spacing  between  petticoats  on  all  the 
terminals  shown  in  the  illustrations  is  43^  inches  approximately. 
From  this  an  idea  of  the  dimensions  can  be  obtained.  The  surface 
distance  on  the  no  000  volt  terminals  is  ten  inches  per  rain  shield. 
A  smaller  number  of  shields  of  larger  diameter  would  serve  the 
same  purpose,  but  they  would  be  fragile  and  harder  to  obtain  with 
any  degree  of  uniformity  as  to  size  and  freedom  from  warping. 

The  behavior  of  these  terminals  under  a  spray  test  is  remark- 
able and  has  to  be  seen  to  be  fully  appreciated.  The  transformer 
terminal  for  no  000  volt  service.  Fig.  6,  flashes  over  under  spray. 
Fig.  7,  at  270  000  volts  approximately  and  will  withstand  indefinitely 
220000  volts  under  a  spray  of  0.2  to  0.5  inches  per  minute  with  a 
very  small  amount  of  corona  discharge  and  a  total  absence  of  the 
detonating  discharges  which  are  generally  noticed  during  similar 
tests  on  other  apparatus. 

The  roof  entrance  shown  in  Fig.  8  a,  b  and  c  carries  more  than 
the  standard  number  of  rain  shields  and  is  built  for  120000  volt 
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service.  Il  easily  withstands  tests  of  325000  volts  dry  and  275000 
volts  under  a  spray.  'IMie  flashover  voltage  is  in  excess  of  these 
values.  The  condenser  has  a  central  conductor  two  inches  in 
diameter,  has  30  insulating  layers  and  an  outside  diameter  of  6.64 
inches.  The  central  portion  is  covered  with  a  long  tube  of  gal- 
vanized cast  iron  extended  at  one  portion  into  a  flange.  The  cast 
iron  tube  will  allow  considerable  snow  to  accumulate  on  a  rrxjf 
without  reaching  the  porcelains.  The  use  of  expensive  conical 
cement  structure's,  which  are  used  with  other  forms  of  en- 
trances, therefore  becomes  unnecessary,  and  a  much  smaller 
diameter  of  hole  in  the  roof  is  required.  As  the  cement  structures 
required  for  the  ordinary  entrances  are  expensive  and  difficult  to 
make  watertight  it  has  been  found  that  the  condenser  type  is  as 
economical  when  installed  as  the  ordinary  type,  although  the 
terminal  itself  costs  more. 

No  other  terminals  now  commercially  obtainable  can  be  tested 
at  so  high  a  voltage  without  exhibiting  violent  corona  discharges. 
Terminals  have  been  built  for  outdoor  service  (Fig.  9)  at  150000 
volts.  These  were  tested  at  300000  volts  under  spray  and  at 
375  000  volts  dry.  The  flashover  voltages  are  considerably  higher 
and  there  was  no  evidence  of  distress  at  these  tests.  No  other 
terminals  have  ever  been  made  that  will  stand  so  high  a  test  under 
a  spray  without  any  signs  of  distress. 

The  terminal  shown  in  Fig.  1  i  is  the  strongest  dielectrically 
that  has  ever  been  constructed.  It  has  a  creepage  surface  from 
flange  to  static  shield  of  So  inches;  the  diameter  of  the  central 
conductor  is  5.86  inches  and  the  diameter  of  the  outside  of  con- 
denser is  21.37  inches.  This  terminal  will  give  service  continuously 
at  a  jXJtential  difference  between  central  conductor  and  flange  of 
360000  volts  and  will  be  entirely  free  from  corona  discharge  on  the 
insulating  surfaces  at  this  voltage.  It  is  easily  capable  of  giving 
service  for  five  minutes  at  500000  volts  without  showing  any 
corona  discharge.  Although  it  has  never  been  flashed  over,  it  is 
probable  that  the  voltage  required  to  do  so  would  l)e  not  less  than 
750000  volts.  Smaller  terminals  constructed  on  similar  principles, 
with  large  static  shields,  flashover  from  the  edge  of  the  static  shield 
to  the  transformer  cover,  and  it  is  probable  that  this  terminal  would 
flashover  in  the  same  manner. 

Figs.  12  and  13  show  a  total  of  346  condenser  terminals,  with 
their  flanges  and  other  fittings,  all  in  process  of  preparation  for 
shipment.     The  smallest  terminals  shown  are  on  the  inside  of  the 
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rack  at  the  extreme  right  (Fig.  12)  and  are  for  service  at  44000 
volts,  llie  large  terminals  l}'ing  on  the  floor  in  the  foreground 
(Fig.  13)  are  for  service  at  150000  volts.  The  large  terminal  with 
the  ladder  resting  against  it  is  the  same  as  shown  in  Fig.  11.  The 
high    terminals    with    porcelain    bells    are    all    for    roof    entrances. 

Those  at  the  right  are  for  service  at  no  000  volts  and  are  standard 

— ^^_^^ —     —     , — _      ,         _        _  _      ^     ^ 
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FIG.    10 no  000    VOLT    INDOOR    COMPARTMENT   BUSHING 

Intended  for  service  through  compartment  walls  or 
floors  where  both  ends  are  indoors.  The  diameter  of 
the  condenser  proper  is  6.5  inches,  but  a  9.25-inch  hole 
is  required  to  admit  the  static  shield  and  the  flanges. 

FIG.    II — TERMINAL  FOR  360  000  VOLT  TESTING  TRANSFORMER 

This  terminal  is  about  one  and  one-half  as  large  as 
the  one  shown  in  Fig.  10. 

size.  Those  at  the  left  are  the  same  as  those  shown  in  Fig.  ^  a,  b 
and  c,  and  are  made  slightly  higher  than  the  standard  in  order  that 
they  will  not  flash  over  under  a  spray  at  275  000  volts. 

Since  1908,  when  less  than  100  terminals  were  manufactured 
for  commercial  service,  the  demand  for  this  class  of  apparatus  has 
increased  until  at  present  an  equipment  capable  of  manufacturing 
I  200  terminals  annually  for  voltages  of  88  000  volts  and  upward 
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is  kept  running  to  its  full  capacity.  \\'tihin  a  year  the  number  of 
special  machines  required  for  making  the  large  number  of  terminals 
has  been  (luadrupled  and  the  actual  increase  in  capacity  is 
about  eight  times  that  obtainable  a  year  ago.  In  addition  to  the 
larger  terminals,  an  equal  number  is  being  turned  out  each  year 
for  voltages  of  44000  and  66000  volts.  These  smaller  terminals 
do  not  require  the  same  special  machinery  as  the  larger  ones,  al- 
though they  are  made  by  a  similar  process.  During  a  period  of 
over  one  year  the  manufacture  of  these  terminals  was  carried  on 
without  a  single  failure  during  tests. 

Only  those  wiio  have  witnessed  the  actual  testing  of  condenser 
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terminals  can  have  a  thorougii  ai)prcciation  of  tlie  entire  al)>cncc 
of  corona  discharge  at  the  guaranteed  test  voltages.  The  ordinary 
types  of  terminal  will  begin  to  show  corona  at  that  part  passing 
through  the  flange.  The  corona  discharges  will  gradually  increase 
in  length  as  the  voltage  is  raised  until  the  whole  flashes  over  at  a 
voltage  usually  not  nuich  in  excess  of  that  at  which  the  corona 
streamers  first  apjicar.  Increase  in  the  length  of  the  ordinary  tyi)c 
of  terminal  without  increasing  the  diameter  at  the  flange,  or  in- 
creasing the  creei)age  surface  by  the  use  of  corrugations,  or  various 
form  of  projecting  ribs  or  jjctticoats,  without  changing  the  diameter 
at  the  flange,  will  have  little  efl'ect  in  increasing  the  voltage  at 
which  final  Hashover  occurs.     In  the  condenser  terminal  an  in.  rin^c 
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of  length,  independent  of  other  changes  in  diameter  or  shape  of 
flange,  will  increase  the  flashover  voltage  almost  in  direct  propor- 
tion, if  the  diameter  of  the  static  shield  is  sufficient  to  prevent 
corona  streamers  from  forming  at  the  central  conductor  and  ex- 
tending toward  the  part  of  greatest  diameter.  If  a  condenser 
terminal  is  tested  without  static  shield  and  without  the  cylindrical 
casing  of  micarta,  it  will  be  found  that  the  corona  streamers  form 
first  at  its  tip  instead  of  at  the  flange  as  is  the  case  with  the  ordinary 
type  of  terminal.  The  use  of  the  static  shield  and  the  compound 
filled  cylindrical  casing  prevents  this  formation,  and  when  the 
terminal  breaks  down  it  does  so  without  previous  warning,  much 
in  the  same  manner  as  does  a  s])ark-(^ai)  l)et\\(,'c'ii  large  spheres. 


FIG.     13 — CONDENSER    TERMINALS,    BOTH     OUTDOOR    AND    INDOOR    TYPES,    BEING 

ASSEMBLED 

The  small  diameter  of  these  terminals  is  of  great  advantage, 
as  sufficient  space  in  the  covers  of  apparatus  remains  for  apertures 
of  sufficient  size  that  the  tank  may  be  entered  and  examinations 
made  without  removing  the  terminals. 

It  may  be  seen  from  the  illustrations  that,  where  one  end  of 
the  terminal  is  used  under  oil,  the  tapered  portion  is  relatively 
short.  In  the  application  of  these  terminals,  the  outer  metallic  band 
projects  beneath  the  surface  of  the  oil  and,  as  it  is  at  ground  poten- 
tial, there  is  an  entire  absence  of  corona  formation  in  that  part  of 
the  tank  above  the  oil  and  a  consequent  freedom  from  danger  of 
ignition  of  the  oil  vapors.  When  the  ordinary  type  of  terminal  is 
tested  with  one  end  immersed  in  oil,  considerable  disturbance  at  the 
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surface  of  tlie  oil  takes  place,  due  to  the  oil  being  expelled  by  llie 
force  of  the  static  field.  This  disturbance  is  entirely  absent  wluii 
testing  a  condenser  type  terminal. 

In  order  to  reduce  the  surface  stress  at  the  flange,  i»n  tlie 
ordinary  type  of  terminal,  frecjuently  large  panels  of  insulating 
material  are  placed  in  the  covers  of  apparatus  to  reduce  the  sur- 
face intensity.  Sometimes  the  entire  cover  is  made  of  insulating 
material.  All  of  the  insulating  materials  available  for  this  purpose 
are  either  inflammable  or  too  fragile  to  resist  the  internal  pressures 
sometimes  experienced  in  operating  transformers  and  circuit 
breakers.  In  the  case  of  a  condenser  terminal,  the  surface  intensity 
at  the  part  passing  through  the  flange  is  the  same  regardless  of  the 
voltage,  since  by  design  the  stress  for  the  individual  condensers  is 
kept  at  a  constant  quantity.  That  is,  the  number  of  condensers 
used  is  directly  proportional  to  the  service  voltage.  The  stresses 
are  actually  so  low  that,  as  has  been  previously  stated,  there  are  no 
corona  discharges  at  this  portion  until  flashover  voltage  is  reached. 
This  result  is  accomplished  with  a  remarkably  small  diameter  of 
flange  aperture,  as  the  dimensions  given  in  this  article  plainly  show 

After  installation,  the  condenser  terminal  can  operate  in- 
definitely without  attention  except  to  see  that  it  is  not  actually  sub- 
jected to  leaks  from  a  roof  and  that  the  oil  is  at  a  proper  level  in 
the  tanks  where  it  is  applied.  Terminals  designed  for  indoor 
service  are  much  lighter  in  weight  than  other  types  and  are  there- 
fore more  easily  installed. 

From  the  foregoing  it  will  be  apparent  that  the  condenser  type 
terminal  occupies  small  space,  is  easy  to  install  and  has  very  high 
dielectric  strength.  Its  record  in  commercial  service  has  proved 
that  it  is  exceedingly  reliable  for  both  indoor  and  outdoor  service 
without  attention  after  installation. 


RECENT  DEVELOPMENTS  IN,  OIL  CIRCUIT 

BREAKERS 

J.  N.  MAHONEY 

AN  UNUSUAL  amount  of  time  and  money  have  recently  been 
spent  in  research  and  development  work  l)y  circuit  breaker 
manufacturers,  and  especially  by  the  organization  with 
which  the  writer  is  connected.  This  has  been  found  advisable  on 
account  of  the  unusually  high  voltages,  high  capacities  and  length 
of  lines,  which  are  now  becoming  common.  Extensive  tests  have 
been  made  under  service  conditions  to  demonstrate  the  efficiency 
of  these  improvements.* 

GENERAL   POINTS   OF   DESIGNi 

In  an  oil  circuit  breaker  there  are  three  qualifications  neces- 
sary. First,  it  must  be  insulated  for  the  voltage  at  which  it  is' 
rated ;  second,  it  must  have  sufficient  carrying  capacity  for  its 
rated  current ;  thi£d,  it  must  have  sufficient  circuit  breaking  capacity 
to  meet  the  conditions  at  the  point  where  it  is  applied  and  to  suit 
the  character  of  the  service. 

Assuming  that  the  first  two  qualifications  have  been  met  in  the 
product  of  well-known  manufacturers,  at  least  on  apparatus  up  to 
voltages  that  have  been  standard  for  some  years,  the  greatest  neces- 
sity for  improvement  was  to  meet  the  third  qualification  under  the 
new  conditions.  Considerable  improvement  is  also  shown  in  con- 
tact details  and  in^ilation,  mainly  from  the  point  of  view  of  de- 
creased maintenance  expense. 

Breaking  Capacity — Oil  breakers  are  made  in  a  variety  of  types 
and  M7-es  for  various  circuit  breaking  capacities,  varying  from  a 
switch  capable  of  operating  in  connection  with  a  plant  of  but  a  few 
hundred  kilowatts,  to  those  for  service  on  systems  of  several  hun- 
dred thousand  kilowatts  capacity.  The  breaking  capacity,  or  as  it  is 
variously  stated,  the  ultimate  breaking  capacity  or  rupturing  capac- 
ity, usually  takes  into  consideration  only  the  k.v.a.  capacity  of  the 
generating  or  synchronous  apparatus  that  may  supply  the  circuit 
breaker  in  event  of  a  short-circuit.  Another  factor  is  the  consid- 
eration of  the  inherent  reactance  and  characteristics  of  apparatus 
connected  to  the  circuit  which  tend  to  reduce  the  short-circuit  cur- 
rent.    Other  factors  are  the  speed  of  operating  characteristics  of 

*See  article  by  the  author  in  the  Journal,  September,  1912,  p.  739. 
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the  circuit  breaker  incclumiMn  it.sclf;  the  rchiliuii  of  the  circuit 
breaker  to  the  Hues  and  ajiparatus  in  a  particular  system;  and  the 
method  of  tripping  the  breaker,  or  otherwise  obtaining  automatic 
operation.  The  detailed  effect  of  these  several  factors  on  the  ap- 
plication of  the  appropriate  type  of  oil  circuit  breaker  is  too  com- 
plicated to  be  included  in  the  present  discussion. 

OIL  ciKCi  rr   i;Ki:.\KEk  iunctions 

When  an  oil  circuit  breaker  is  opened  under  load,  an  arc  is 
formed  between  the  stationary  and  movable  contacts,  the  size  of 
the  arc  depending  on  the  amount  of  current.  This  arc  persists  until 
t!ie  first  zero  position  of  the  voltage  wave  after  the  contacts  have 
been  sei)arated  far  enough  for  the  oil  to  break  the  arc.  The  heat 
of  this  arc  disintegrates  some  of  the  oil  surrounding  the  contacts, 
forming  a  gas  bubble.  The  size  of  the  arc  and  of  the  resultant  gas 
liulible  depends  upon  the  current  flowing  at  the  instant  of  separa- 
tion and  the  duration  of  the  arc.  ihc  al)ility  of  the  gas  bubble  to 
rise  far  enough  so  that  the  arc  will  be  (|uenched  during  the  zero 
point  of  the  wave  is  controlled  by  the  specii'ic  gravity  of  the  gas 
inibble  in  relation  to  the  head  and  volume  of  oil  and  the  visiMsity 
of  the  oil.  (Jil  having  high  sjjccific  gravity,  sul'ticient  head  an  1 
low  viscosity  will  have  enough  pressure  to  force  the  bubble 
up  away  from  the  contacts.  irrespccti\e  of  their  positions. 
The  relation  of  the  horizontal  surface  i>f  the  oil  to  the  cross-sec- 
tional area  of  the  contact  and  tenninW  arrangements  will  also  de- 
termine the  case  with  which  the  gas  bubble  will  clear  itself  of  tlic 
contacts.  If  there  is  a  reasonable  space  for  oil  around  the  c«)ntacls 
and  tcrminal.s,  the  pressure  «)f  the  head  of  oil  will  force  the  l)ul)l)le 
out  into  the   free  oil   space  and  up  to  the  gas  chamber. 

A  well  designed  oil  circuit  breaker  should  have  a  good  deptli 
of  oil  of  good  (|uality  in  order  to  displace  the  gas  I)ubbles  as  rapidly 
as  ix)ssil)le.  Thi>  require^  a  considerable  head  of  oil  above  the 
break  so  that  its  jircssure  will  displace  the  bubble,  as  already  ex- 
plained, and  a  considerable  depth  of  oil  below  the  break  in  order  to 
permit  the  arc  ami  bubble  to  be  formed  in  a  mas^  of  clean  oil. 
In  i>rder  to  keep  the  oil  from  being  ejected  from  the  tanks  due 
to  the  great  disturbances  of  a  >hort-circuit.  it  is  necessary  t<»cl 
the  tanks  almost  completely.  The  pressure  due  to  the  gas  foriin., 
by  the  arc.  and  to  other  disturbances  incident  to  opening  under 
short-circuit,  arc  almost  equivalent  to  those  of  an  explosion,  and 
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for  this  reason  the  tanks  must  be  built  exceptionally  strong  and 
the  terminal  insulating-  details  fastened  to  the  frame  in  a  very  sub- 
stantial manner. 

In  order  to  minimize  gas  pressure,  a  gas  chamber  of  considera- 
ble size  is  provided  above  the  oil  level  and  arranged  with  an  outlet 
that  will  offer  free  passage  to  the  gas  but  will  bafifle  the  ejection  of 
oil.  Thus,  when  the  bubble  is  formed  it  will  displace  some  of  the 
oil  which  will  rise  to  this  gas  chamber.  Then  when  the  oil  dis- 
places the  gas  bubble,  the  bubble  will  rise  into  this  space.  Also,  the 
gas  above  the  oil,  being  easily  compressed,  will  act  as  a  cushion 


FIGS.     I    AND    2 — 7  500    VOLT,    5OO    AMPERE,    THREE-POLE,    OIL    CIRCUIT    BKKAKKR    FOR 

WALL   OR   SWITCHBOARD   MOUNTING 

Showing  switch  complete,  and  also  partly  dismantled  to  give  a  view  of 
the  details  of  the  operating  mechanism. 

and  will  tend  to  absorb  the  shock  of  the  break.     The  greater  the 
volume  of  this  gas  cushion,  the  better  the  cushion  efifect. 

The  arrangement  of  butt  arcing  tips  should  take  into 
consideration  the  magnetic  blow-out  eiTect  caused  by  the  current 
passing  down  through  the  contact  stud,  across  the  contacts  and 
up  the  opposite  stud.  Thi,s  tends  to  blow  the  arc  outward  from 
the  center  away  from  the  main  contact  and  off  the  outer  edge  of 
the  butt  arcing  tips.  This  action,  together  with  the  gravity  or 
buoyancy  action  of  the  arc  gasses  causes  the  arc  gasses  to  be  rap- 
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idly  driven  outward  and  upward  away  from  the  contact,s  and  sup- 
porting bushing,  and  to  assist  the  successful  operation  <if  the 
circuit  breaker  under  short-circuit  coiKhtions. 

OPERATING    xMKCHANISM 

Except  in  circuit  breakers  of  the  switchboard  type,  a 
combined  accelerating  and  dashpot  device  have  formed  one 
of  the  principal  recent  improvements  in  circuit-breaker  ecjuip- 
nicnt.  This  consi,sts  of  a  cylinder  having  a  piston  for  the 
dashpot  action,  which  is  in  turn  acted  ui)on  by  a  powerful  spring 
for  the  accelerating  function.    The  spring  comes  into  action  as  soon 


Hi,>.    3    AND   4 — 23000   VOLT.   600    AMI'IKK.    THRKE-POLK   (111,   CIRCCIT    BRKAKKR,    KOK 
SWIT«  UnOAKD  OR   RKMOTK    MECMANMCAI,  CONTROL 

Sliowinji  switdi  complete,  except  for  the  sleeves  over  the  leads,  and  also 
with  ca^cs  removed. 

as  the  circuit  breaker  is  tripped,  rapidly  separating  the  contacts.  The 
dashpot  acts  at  the  finish  of  the  circuit  breaker  travel,  bringing  the 
ninving  jiarts  to  rest  without  excessive  shock.  The  combined  ac- 
celerating and  dashpot  cylinder  is  a  unit  in  itself  and  is  mounted  on 
the  t>perating  lever  of  the  magnet  mechanism  in  the  electrically 
operated  types,  and  on  one  of  the  bell-crank  brackets  in  the  me- 
chanical remote  control  types.  The  use  of  this  accelerating  mech- 
anism is  necessary  in  high-powered  circuit  breaker  work  in  or- 
der   to    secure    positive    action    under    conditions  of  short-circuit 
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which  cause  high  pressure  iu  the  tanks.  Such  a  pressure,  acting 
on  the  contact-carrying  rods  without  this  mechanism,  ha.s  been 
known  to  prevent  the  movable  contacts  from  traveUng  more  than  a 
.short  distance  away  from  the  stationary  contacts,  or  has  made  the 
action  of  these  contacts  in  opening  very  slow,  and  has  caused  the 
arc  to  persist  in  the  oil  for  a  length  of  time  sutiicient  to  generate  a 
pressure  in  the  circuit  breaker  strong  enough  to  disable  it. 

In  addition  to  this  accelerating  device,  to  assist  the  action  oi 
gravity  in  tripping  the  circuit  breaker,  the  diameter  of  the  wood 

rods  which  carry  the 
contacts  has  been  re- 
duced or  a  steel  rod 
has  been  substituted  at 
the  point  where  the 
piston  action  occurs. 
The  steel  rod  is  of 
much  smaller  diameter 
than  a  correspondingly 
■trcng  rod  of  wood  or 
other  fibrous  material 
and  presents  a  .small  .■ 
area  for  the  pressure 
to  act  on,  therefore 
making  the  action  of 
the  switch  more  posi- 
tive. 

The  self-contained 
electric  operating 
mechanism  shown  in 
Figs.  6,  lo,  II,  12  and 
15  consists  of  a  closing 
solenoid  with  proper 
levers  and  latch  and  a 
direct  current  tripping 
solenoid  for  releasing  the  latch.  The  closing  plunger  is  provided 
with  a  piston  packing  for  obtaining  a  dashpot  action  during  the 
closing  operation  and  with  an  automatic  valve  of  simple  form  to 
permit  the  plunger  to  retrieve  quickly  in  tripping  the  circuit  break- 
er. A  means  is  provided  for  inserting  a  lever,  w^hen  desired,  for 
closing  by  hand. 


FIG.    5 — 35  000    VOLT,    600    AMPERE,    THREE-POLE    OIL 
CIRCUIT  BREAKER 

Pipe    mounted    for    remote    control 
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OIL    CIRCUIT    HKEAKERS    UK    MODERATE    CAPACITY    AND    VOLTAGE 

Figs.  I  and  2  illustrate  a  type  of  circuit  breaker  which  is  made 
in  switchboard  or  remote  mechanical  control  mounting  and  hand  or 
electrically  operated  types  for  moderate  voltages  and  moderate 
capacities.  The  contacts  have  been  improved  by  supporting  the 
conducting  tip  on  the  end  of  the  contact  fingers,  which  engage  the 
moving  contact  wedged  surface,  on  the  end  of  a  thin  steel  spring, 
permitting  the  contact  to  align  itself  automatically.  This  spring  is 
shunted  by  a  liberal  copper  leaf  shunt  to  conduct  the  current  from 

the  finger  tip  to  the 
temiinal  stud.  The  con- 
tact pressure  is  obtain- 
ed by  a  second  and 
heavier  steel  spring 
provided  on  its  end 
v.ith  a  head  which  ap- 
plies the  pressure  over 
ilic  center  of  the  con- 
tact tip  of  the  finger. 
Several  fingers  are  used 
por  stud  according  to 
the  capacity  of  the 
breaker.  The  initial  po- 
sit i(;n  and  contact  pres- 
sure of  the  several  fin- 
gers is  determined  by 
a  steel  stop  mounted  on 
the  contact  stud  be- 
tween the  two  sets  of 
fmger.s.  The  stop  de- 
termines the  opening 
between  the  fingers  into 
which  the  wedge  enters 
and  prevents  the  play  of  the  moving  contacts  from  causing  trouble 
by  allowing  considerable  latitude  for  the  wedge  to  enter  between  the 
fingers.  A  plunger  arcing  tip,  provided  as  a  part  of  the  stationary 
contact  details,  makes  a  butt  contact  engagement  with  a  brass  cap 
bolt  screwed  into  the  moving  contact  cross  bar.  This  butt  arcing 
tip  maintains  contact  for  a  considerable  distance  after  the  main 
contact   finger,*;  and   moving  contact   wedge   have   left  contact,  the 


FIG.     6 — 7500     VOLT.     1200    AMPKKK.    TIIRF.K-POI.!" 
OIL  CIRCUIT   nKKAKKR 

Pipe  mounted  and  cquipi)cd  for  electrical  re- 
mote control. 
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distance  being  predetermined  by  the  stop  between  fingers.  This 
is  an  improvement  on  the  older  forms  of  contact  in  which  no  stop 
or  separate  arcing  tip  on  both  members  was  provided. 

The  general  mechanical  design  is  unusually  rugged.  The 
oil  tank  is  of  heavy  steel  plate.  It  has  lap-welded  joints 
with  the  bottom  flanged  and  welded  on  the  outside  of  the  tank 
sides,  and  a  flange  on  the  .supporting  frame  of  the  circuit  breaker 
encloses  the  upper  end  to  restrain  it  from  distorting  under  internal 


FIGS.    7   AND   8 — FRONT   AND    SIDE   VIEWS   OF    15  OOO     VOLT,  6oO  AMPERE  OIL  CIRCUIT 
BREAKER  OF  THE  CELL  MOUNTING  TYPE 

Equipped  for  remote  electrical  control. 


pressure.  The  lining  of  the  tanks  is  of  micarta  with  individual 
"micarta"  sleeve,3  for  each  pole  of  the  breaker.  The  tanks 
are  deep  enough  to  provide  a  considerable  air  space  above 
the  oil  level  for  expansion  of  the  arc  gasses,  and  to  prevent 
the  slopping  of  the  oil  from  internal  disturbance.  The  gasses 
are  vented  through  the  clearance  around  the  operating  wood 
rods     of     the     frame.     The  '  contacts     and     contact     details     are 
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suppdiled  by  vertical  porcelain  pillars  which  arc  clamped  in  \hj- 
sition.  This  is  true  also  of  the  conducting  stud  and  ccjntact 
details  to  the  porcelain  pillar,  so  that  no  babbitt  or  cement  is  used 
in  the  construction.  Lock  washers  are  used  on  the  clamp  bolts  and 
conducting  stud  to  hold  same  in  position  and  prevent  loosening 
from  the  vibration  and  hammer  blows  that  occur  in  the  operation  of 
the  circuit  breaker.     The  pillars  above  the  frame  together  with  the 


FIG.    9— IIOOO    TO    44000    VOLT,    JOO   OR    60O    AMPKRK,    THREE-POLE 
OIL   CIRCUIT   BREAKER 

Floor  mounting  type.     Can  be  equipped  with  meclianical 
or  electrical  remote  control. 

exposed  terminal,  are  provided  with  a  moisture  proof  micarta  tube 
to  overcome  possibility  of  accident  where  the  exposed  live  terminals 
are  not  otherwise  insulated.  This  line  of  circuit  breakers  is  made  in 
'  apacitics  up  to  Soo  amperes  and  up  to  15000  volts. 

HIGH   CAPACITY,  SELF-CONTAINED,    MULTIPOLAR  OIL  CIRCUIT 

BREAKERS 

A  development  of  medium  voltage,  high  capacity  oil  circuit 
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breakers  is  shown  in  Figs.  3  and  4  in  which  the  poles  of  the  circuit 
breaker  are  all  mounted  on  one  metal  frame  which  can  be  sup- 
ported on  a  wall  or  other  frame  work  complete  with  its  electric 
operating  mechanism,  or  operated  mechanically  by  a  regular  remote 
mechanical  control  mechanism. 

In  this  line  of  circuit  breakers  and  the  several  types  hereinafter 
mentioned,  above  300  amperes  capacity,  the  contacts  are  what  are 
known  as  the  butt  type,  laminated  brush,  with  butt  type  solid  arcing 
tips.    The  butt  type  laminated  brush  contact  is  the  same  that  is  used 


FIG.     10 — 66000    VOLT,    300    OR   600    AMPERE,    THREE-POLE    OIL 
CIRCUIT  BREAKER 

Floor,  mounting  type,  equipped  for  electrical  remote  con- 
trol.   A  lever  is  provided  for  hand  closing. 

in  all  modern  high  class  carbon  circuit  breakers.  This  form  of  main 
contact  has  a  very  high  contact  pressure,  usually  around  100  pounds 
per  square  inch,  and  is  designed  to  be  automatically  self-cleaning  at 
the  contact  surface.  Both  the  high  contact  pressure  and  the  wiping 
action  contribute  to  the  self-cleaning  feature  in  a  degree  not  ob- 
tained by  any  other  form  of  contact.  All  the  pressure  on  the  sur- 
faces of  both  the  main  and  arcing  contacts  tends  to  throw  the  con- 
tacts apart,  or,  in  other  words,  open  the  switch. 

A  separate  tank  is  used  for  each  pole  of  the  circuit  breaker.    The 
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mechanical  details  are  made  very  ru^j^ed  to  withstand  the  iiij^ii 
internal  pressures  due  to  opening  heavy  short-circuits.  The 
porcelain  insulating  details  for  supporting  the  contacts  are  of 
the  pillar  type  substantially  clamped  in  position,  and  the  con- 
tact details  arc  in  turn  clamped  to  the  porcelain  pillars,  so  that 
repairs  or  replacement  may  be  made  convenientl)'.  The  range 
of  capacities  is  from  300  to  2  000  amperes,  and  up  to  25  000  volts. 

11  Kill    CAPACITY,    I'NIT    FRAME,    PIPK    MOUNTING    CIRCUIT    HREAKKRS 

Another  recent   development   is  a   complete   line   of   circuit 
breakers    intended    for    mounting    on    pipe    or    structural    frame 


1 


H(..     II  —  IJOfXW     VOLT,    300    AMPKRK.    TMKKK-POLH    Oil.    I  IK- 

(  riT    IIIUAKKR 

I'lour  mniintiiiK  lypi-.  equipped   fur  electrical   reninte  con- 
trol, or   for  emergency  hand  operation. 

work,  i»r  on  ilu-  wall  without  the  neccssitv  of  cnclosinir  struc- 
tures.  They  can.  however,  be  mounted  in  structures  if  so  de- 
sired. If  the  structure  is  used,  each  pole  can  be  mounted  in  a 
separate  cell  or  several  poles  can  be  mounted  collectively  with 
tnc  operiting  mechanism  in  a  single  cell,  thus  segregating  the 
complete  unit  from  other  similar  units.  The  latter  is  the  pre- 
ferab.e  '.ype  of  structure  mounting.     This  form  of  circuit  breaker^ 
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illustrated  in  Figs.  5  and  6,  is  made  in  two  frame  sizes,  in  ca- 
pacities up  to  3000  amperes,  15000  volts,  up  to  1200  amperes 
at  25  000  volts,  and  up  to  600  amperes  at  35  000  volts. 

In  this,  and  in  the  larger  types  of  circuit  breakers  described 
later,  an  elliptical  form  of  tank  is  used,  having  no  flat  surface, 
except  at  the  bottom.  The  pressure  within  the  tank  is  restrained 
by  the  metal  under  tension,  as  in  steam  boiler  practice,  and  not 
in  deflection,  as  with  the  rectangular  tank.     The  metal  in  these 


FIG.    12 — 165000    VOLT,    300    AMPERE,    THREE-POLE    OIL    CIR- 
CUIT BREAKER 

With  operating  mechanisms  removed.     Type  used 
the  Pacific  Light  &  Power  Corporation. 

elliptical  tanks  is  one-tenth  to  one-eighth  inches  in  thickness.  AH 
of  the  joints  are  lap-welded  and  the  bottom  is  flanged  outside  of 
the  tank  proper,  and  lap  welded  thereto.  This  form  of  con- 
struction causes  the  pressure  within  the  tank  to  place  counteract- 
ing tension  stresses  in  the  bottom  to  balance  the  deflecting 
stresses  caused  by  the  pressure  directly  acting  on  the  bottom. 
The  supporting  frame  for  the  tank  is  made  to  enclose  the  tank 
flange   in   such   a   manner  as   to   keep   the   tank    from   spreading 
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wlicn  under  pressure  from  the  gases  of  a  short-circuit.  Suffi- 
cient air  space  is  provided  above  the  oil,  either  in  the  tank  cham- 
ber or  a  chamber  in  the  supporting  frame,  to  take  care  of  the 
gasses  caused  by  arcs  and  to  reckice  the  pressure  in  the  tank.  A 
bafik'd  \ent  fitting  is  provided  for  the  escape  of  gasses. 

HIGH    CAPACITY.    MEDIUM    VOLTAGE,    CELL    MOUNTl.XG. 
CIRCUIT      I5REAKERS 

A  well  known  line  of  oil  circuit  breakers  in  which  all  of 
these  improvements  have  been  incorporated,  is  shown  in  I'igs.  7 
and  8.  This  line  is  particularly  designed  for  cell  structure 
mounting  for  voltages  up  to  22000.  A  special  feature  of  lliis 
line  is  the  use  of  a  distinctive  type  of  mechanism  above  the  tanks 
for  operating  the  three  poles  as  a  unit.  The  use  of  auxiliary  tie 
rods  and  supi)orting  castings  on  the  tanks  is  also  shown.  These 
increase  the  ability  of  the  tank  to  withstand  c.xccs.'^ive  pressure. 

I-LOOK    .MOUXTINt;    TYPE   OF    IIKill    VOLTAGE,    HIGH    CAPACITY 

CIRCUIT      P.REAKERS 

It  has  become  quite  common  to  make  circuit  breaker  instal 
lations  in  high  voltage  and  high  capacity  work,  without  any  form 

of  circuit  b  r  e  a  k  e  r 
structure.  The  break- 
ers are  usually  of 
single-pole  unit>  mount- 
c<l  on  the  floor  or 
gallery  and  ojierated 
throutjh  either  remote 
baud  or  electrically  controlled  mechani.sni  by  which  any  number 
of  units  can  be  coupled  to  make  a  breaker  of  the  usual  number 
of  poles.  Circuit  breakers  of  this  type  are  illustrated  in  l-'ig^.  <). 
10.  II  and  12.  With  the  exception  of  the  type  shown  in  l-'ig.  «> 
this  line  of  circuit  breakers  is  equipi)e(l  with  the  condenser  type 
terminal. 

RE.NCTANCE     TVI'E     IIR<  UIT     P.REAKERS 

To   limit    the   disturbance   in   the   circuit    breaker   and   on    the 
line,  where  extremely  large  powers  at  high  voltages  must  be  o>n 
trolled  with  certainty  under  all  conditions,  a  type  of  circuit  breaker 
has   been   developed   in   which   a    reactance   is   cut    into   the  circuit 
before  the  main  contacts  open. 

1  hese  breakers  have  two  sets  of  contaci-  j>li   pole  inchiue'i  m 
and  operated  I)\    the  same  mechanism      '  >"<•    ■»"  t'i.-<-  s.f.  ,\  .-..ii- 


U) 


(b) 


(e) 


FIO.   13 — SCHKM.\TIC  l)IA(k.\M   (»K  RK.\CT- 
.\N<  K    TVI'K    on.    (  IRCIMT    UKK.\KIR 
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nected  through  the  reactance  and  the  other  serves  to  short-circuit 
this  reactance  when  the  circuit  breaker  is  completely  closed,  as 
.shown  in  Fig.  13.  When  the  circuit  breaker  opens,  these  last 
contacts  open  first,  shunting  the  circuit  through  the  reactance  in 
series  with  the  other  contacts.  The  reactance  contacts  then  open 
immediately,  breaking  the  entire  circuit. 


FIG.    14 — 25  000  VOLT,   I  200  AMPERE,  THREE-POLE^  REACTANCE 
TYPE   CIRCUIT   BREAKER 

Cell  Mounting  type. 
Arranged   for  electrical   remote  control.  1 

The  action  of  cutting  the  reactance  into  the  circuir  as  an  in- 
termediate step  limits  the  flow  of  current  under  short-circuit  con- 
ditions and  absorbs  the  inertia  and  stored  energy  of  the  system, 
making  the  break  on  the  final  pair  of  contacts  comparatively  light, 
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and  reducing  >ur'^c>  in  ilic  circuit. 


At  the  same  lime  the  smaller 
current  at  the   fnial   break   reduces  the  possibility  of  voltage  rise. 
This  reactance  feature  makes  ihi.s  type  of  circuit  breaker  par- 
ticularly  suitable    for   automatic   operation    on    feeder   distributing 


Fl<:.   15— IIOOOO  VOLT,  600  AMPERE,  THREE-POLE.  REACTANCE 
TYPE   CIRCUIT   BREAKER 

Floor    nil  MlTll  itlL'    \\ur        Fi|llii)!>f<!    f,ir    iir.-t  rir  il    rini.ili     ,•   M1- 

trol. 

systems  coimccted  directly  to  the  bus-bars  of  high  power  genera- 
tors, this  being  the  most  .severe  condition  to  be  met.  These  cir- 
cuit breakers  are  illustrated  in  h'igs.  14  and  15.  The  single  piece 
cylindrical  steel  tank  gives  them  unusual  mechanical  strength. 


ELECTROLYTIC  LIGHTNING  ARRESTERS 

G.  C.  DILL     . 

THE  ideal  lightning  arrester  is  one  which  affords  instan- 
taneous relief  from  abnormal  voltages,  but  which  prevents 
the  flow  of  dynamic  current  after  the  abnormal  voltage  has 
been  relieved,  and  which  produces  no  disturbance  on  the  line  on 
wliich  it  operates.  This  may  be  more  clearly  understood  by  the 
analogy  of  the  steam  safety  valve,  and  the  hydraulic  relief  valve. 
These  appliances  permit  no  flow  of  steam  or  warer  at  normal 
pressures,  but  when  the  pressure  rises  abo:^  the  normal  value  the 
valve  opens  and  permits  the  excess  pressure  to  be  relieved,  after 
which  the  valve  closes  and  further  flow  of  steam  or  water  is  pre- 
vented. The  ideal  lightning  arrester  is  more  nearly  approached  in 
the  electrolytic  arrester  than  in  any  other  arrester  which  has  yet 
been  placed  upon  the  market. 

The  effectiveness  of  the  electrolytic  lightning  arrester,  which 
has  come  into  pretty  general  use  for  the  protection  of  power  cir- 
cuits of  above  2200  volts,  is  due  to  properties  of  aluminum  plates 
which  have  suitable  electrolyte  between  them,  namely,  the  valve 
action  and  the  condenser  action.  By  virtue  of  the  property  which 
\ve  have  termed  valve  action,  the  arrester  offers  a  very  high  re- 
sistance to  current  at  voltages  below  certain  critical  values,  and  a 
very  low  resistance  to  voltages  above  these  critical  values.  By 
virtue  of  the  condenser  action,  the  flow  of  current  at  low  frequen- 
cies is  small  but  at  high  frequencies  it  is  considerable. 

These  two  vital  properties  of  the  electrolytic  arrester  are  due 
to  the  inherent  characteristics  of  a  film  of  aluminum  hydroxide 
which  has  been  deposited  on  the  aluminum  plates  by  electrolytic 
process.  This  film  of  aluminum  hydroxide  is  very  thin  and  its 
exact  structure  is  not  yet  definitely  known.  As  stated  before,  it 
offers  a  very  high  effective  resistance  to  currents  of  moderate  volt- 
age, but  when  the  voltage  exceeds  a  critical  value  of  approximately 
320  to  340  volts  for  alternating  current  and  420  to  440  volts  for 
direct  current,  the  film  breaks  down  in  myriads  of  minute  punc- 
tures. Voltages  above  the  critical  point  are  practically  short  cir- 
cuited, very  little  resistance  being  interposed  to  retard  the  flow  of 
current  due  to  excess  voltage.  The  discharge  current  is  propor- 
tional to  the  superficial  area  of  the  aluminum  plate  exposed  to  the 
electrolyte.  Thus  if  the  exposed  area  of  a  plate  is  doubled,  it  will 
permit  twice  as  much  current  to  flow.  When  the  excess  voltage 
is  relieved,  the  minute  punctures  seal  up,  the  original  resistance 
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leasserts  itself,  and  the  flow  of  dynamic  current  is  checked.     Thus 
far  tlie  analogy  to  the  safely  valve  is  very  close. 

The  film  of  aluminum  hydroxide  on  the  surface  of  the  trays 
constitutes  the  dielectric  of  a  condenser.  This  property  is  of 
considerahle  importance  in  the  electrolytic  arrester.  The  flow  of 
current  due  to  capacity  varies  inversely  as  the  frequency  of  the 
current.  At  commercial  frequencies  the  flow  of  current  in  the  nor- 
mal arrester  due  to  the  condenser  action  is  small.  Lightning  dis- 
charges are,  however,  of  very  high  frequencies,  and  with  a  dis- 
charge at  a  frequency  of  10  000  cycles,  the  commercial  arie^ter 
would  permit  a  flow  of  something  like  100  amperes. 
\\  When  a  voltage  less  than  the  critical  voltage  is  impic^^.sed 
across  an  electrolytic  arrester  a  small  charging  current  flows,  which, 
in  the  normal  commercial  arrester,  is  less  than  0.8  ampere.     It  is 


FIG.    I — ALUMINUM   TRAVS   USED   I>f   ELECTROLYTIC  ARRESTERS 

composed  of  two  components,  the  direct  leakage  through  the  film 
on  the  surface  of  the  trays,  and  through  the  electrnlytc,  and  the 
capacity  current,  these  two  components  heing  at  90  degrees  from 
each  other.  In  an  arrester  in  good  condition  the  direct  leakage 
is  les,s  than  0.02  ampere,  while  the  remainder  is  capacity  current : 
thus  it  will  he  seen  the  actual  jwiwer  used  in  the  charging  opcrati«'n 
is  very  sinallj^/  This  flow  of  current  would  in  time  heat  tlie  cell 
of  an  electrolytic  arrester,  and  to  prevent  this,  horn  gaps  are  in- 
serted in  the  line  hetwcen  the  electrolytic  clement  of  the  arrester 
and  the  line  to  he  protected.  .\t  normal  voltages  these  gaps  in- 
sulate the  cells  from  the  line  hut  at  e.\ces>  voltages  they  arc  "V'"'" 
and  permit  a  discharge  to  ground. 

In   the  commercial   arrester  the   aluinimun   ])latcs   referred   to 
take  the  form  of  trays  such  as  shown  in  Fig.  i.     These  tray;  >;ervc 
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sePAR^rron , 


FIG. 


2 — CROSS-SECTION       OF      TRAYS 
SHOWING    SPACERS 


as  receptacles  to  hold  the  electrolyte,  the  sloping  sides  permitting 
the  escape  of  such  gasses  as  may  form  during  a  discharge  of  the 
arrester.  The  iilm  on  their  surface  is  formed  by  immersing  the 
trays  in  a  tank  of  electrolyte  and  passing  current  from  one  tray 

to  the  other.  At  first  there  is  a 
heavy  flow  of  current,  but  as  the 
film  builds  up,  the  current  de- 
creases. The  film  gives  the  trays 
a  dull  grey  appearance ;  if  it  is  not 
well  formed  they  present  a  slight- 
ly shiny  appearance.  The  trays 
in  the  commercial  arrester  are 
stacked  one  on  top  of  the  other  as 
shown  in  Figs.  2,  3,  and  4,  each  one  being  separated  from  the 
other  by  porcelain  spacers  placed  upon  the  periphery.  In  some 
makes  of  arresters,  these  trays  are  arranged  in  groups  to  permit 
greater  ease  in  handling,  (this  arrangement  is  shown  in  Figs.  3 
and  4)  while  in  other 
makes  no  attempt  is 
made  at  grouping 
them  in  sections. 
The  number  of  trays 
which  are  placed  in 
a  stack  depends  upon 
the  voltage  of  the 
line  upon  which  the 
arrester  is  to  oper- 
ate. In  practice  there 
is  usually  one  tray 
for  each  290  volts, 
aiternating  current, 
or  each  350  volts  di- 
rect current,  im- 
pressed across  the 
cell.  The  assembled 
stacks   are   placed    in  fig.  3— tray  sections  and  guides 

suitable  frames  of  ^^"*^  section  has  been  removed  from  the  guides 
solid  construction,  as  shown  in  Fig.  5,  which  are  placed 
in  steel  tanks  to  give  mechanical  protection.  The  oil  in 
which  they  are  immersed,  a,s  shown  in  Fig.  6,  prevents 
evaporation    of    the    electrolyte,    increases    the    insulation    from 
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Practically    all 


the  trays  to  tlic  tank,  disposes  of  iieat  by  convection,  and  also 
absorbs  considerable  cjuantities  of  heat.  This  property  of  oil  is 
very  essential  because  considerable  quantities  of  heat  may  be  de- 
veloped during  a  discharge.  The  natural  circulation  is  aided  bv 
the  micarta  barrier  shown  in  Fig.  6,  which 
also  increases  the  insulation  fioni  the  tray  to 
the  tank.  The  use  of  this  barrier  has  made 
possible  a  decrease  in  the  size  of  the  arrester 
tanks,  without  decreasing  the  insulation  and 
ability  of  the  arrester  to  take  care  of  a  dis- 
charge. 

electrolytic     arresters     are 

built     for    three     phase 

systems.     In  their  choice 

it    i,s    necessary   to   con- 
sider the  voltage  of  the 

.system,       and     whether 

the   system   has   an   un- 
grounded     neutral,      a 

grounded      neutral,     or 

whether  the    neutral    is 

grounded      through      a 

resi,stance.      Electrolytic 

arresters    may     now   be 

had      for     all     voltages 

up     to      165000     volts, 


three     phase,    grounded    nc-      5— uesign     op 

1      ,  ^       ,  TRAY       STRUCTURP 

or    ungrounded    neutral       ^^^p  ^^^  voltages 

circuits.      From     the      1 1'  Jo  13  500 

,        1      •    ,       r   .1       11,  This     shows      alu- 

standponit   of  the   light-    ,,,;,,,,^,    t^ays   nestet 

ning  arrester,   a   sv^stem    '»    wooden   support- 

1  -It  '"K      frame      for 

Fro.  4— TRAv  .SECTIONS  IN  '"ay    DC    consulered    as   ;,(Kx>volt   unground- 

GUIDES  having  a  grounded  neu-    '^'J    neutral    arrester 

tral.  either  when  the  neutral  is  .solidly  connected  to  the  ground,  or 
when  the  resistance  between  the  neutral  and  ground  is  sufficiently 
low  to  permit  .sufticicnt  current  to  flow  to  trip  out  the  circuit 
breaker  in  case  of  cither  an  arcing  or  a  solid  ground.  In  all  other 
cases  the  system  should,  for  lightning  arrester  purposes,  be  con- 
sidered as  having  an  ungrounded  neutral.  If  anv  doul>f  evist^  thr 
s::fe  cour.se  is  to  consider  the  system  as  ungrounded. 

The  grounded  neutral  arrester  has  three  phase  sections.    In  the 
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low  voltage  arrester,  these  are  mounted  in  one  tank,  while  in  high- 
er voltage  arresters  they  are  mounted  in  three  separate  tanks, 
mounted  on  some  suitable  solid  foundation.  These  tanks  should 
always  be  thoroughly  grounded.  The  theoretical  diagram  of  con- 
nections for  this  arrester  is  shown  in  Figs.  7  and  8,  while  the  ac- 
tual connections  of  the  ar- 
rester are  ^hown  in  Fig.  9. 
The  ungrounded  neutral  ar- 
rester differs  from  the 
grounded  neutral  arrester  in 
that  it  has  a  fourth  or  ground 
section  connected  between 
the  common  connection  of 
the  three  phase  section  or 
the  neutral  point  and  the 
ground.  The  voltage  rela- 
tions are  shown  in  Fig.  10 ; 
the  theoretical  connection  is 
shown  in  Fig.  11,  and  the 
actual  connections  of  a  mod- 
erate voltage  arrester  are 
shown  in  Fig.  12.  The 
phase  sections  of  the  arrester 
are  usually  designed  to  with- 
stand the  voltage  between 
any  line  and  neutral  or  ap- 
proximately 58  percent  of 
the  line  voltage.  Suppose 
that  in  Fig.  7  the  connection 
between  neutral  and  ground 
did  not  exist,  then  if  a 
ground  should  occur  at 
some  point  on  the  line,  the  circuit  breaker  would  not 
disconnect  the  line,  and  one  of  the  phase  sections  would 
have  full  line  voltage  impressed  across  it,  while  it  i,s  designed  to 
withstand  only  58  percent  of  that  voltage.  This  would,  in  the 
course  of  a  little  time,  seriously  heat  the  electrolyte,  dissolve  the 
film  on  the  surface  of  the  trays  and  might,  in  the  course  of  a 
few  hours,  destroy  the  two  phase  sections  unless  there  was  a  fuse 
placed  in  the  line  to  protect  them.  To  prevent  this  condition  from 
occurring,   a  fourth  or  ground  section  is  placed  between  neul;..l 
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FIG    6 — SECTION    OF    TYPICAL    ELECTROLYTIC 
LIGHTNING   ARRESTER 
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and  giouiul.  Tlicn  in  case  of  a  ground  on  the  line  there  are 
the  same  number  of  trays  between  a  grounded  line  and  the  other 
two  lines,  as  there  are  when  the  line  is  not  grounded. 

In  the  lower  voltage  arresters  the  four  sections  are  placed  in 
one  tank,  while  on  the  higher  voltages  four  tanks  are  used.  The  ex- 
istence of  the  fourth  section  between  the  neutral  and  ground  makes 
it  necessary  for  the  common  connection  or  the  neutral  of  the  ar- 
rester to  be  insulated  from  the  ground.  In  the  lower  voltage  ar- 
resters it  is  now  common  practice  to  take  care  of  this  by  insula- 
ting the  tray  structure  from  the  tank,  thus  allowing  the  tank  to 
be  grounded,  as  in  Fig.  12.  while  in  the  higher  voltage  arrester'^ 
the  trays  are  connected  to  the  tanks  and  the  tanks  mounted  on  a 
common  insulated  platform  as  in  Fig.  13. 

In  the  earlier  developments  of  the  electrolytic  lightning  arrest- 
er, the  electrolytes  which  were  used  were  organic  in  their  nature. 
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•IC.  7 — SCHEME  OF  CONNECTIONS  FOR  SINGLE  TANK 
ELECTROLYTIC  LKiHTNING  ARRESTER  FOR  A  THREE- 
PHASE   UROl  NPEI)    NEITRAL    SYSTEM 

.•\  scum  would  form  over  the  surface  of  the  electrolyte  and  a  mouhi 
would  grow  over  the  surface  of  the  trays,  and  siphon  out  the  elec- 
trolyte. This  electrolyte  deteriorated  quite  rapidly.  Investigation 
.so(tn  developed  an  electrol\tc  which  was  entirely  inorganic  in  its 
nature,  which  did  not  form  a  scum  over  its  surface  nor  a  nK^uld 
over  the  surface  of  the  trays.  This  inorganic  electrolyte  was  sup- 
plied to  the  public  as  early  as  May.  i(>io,  and  from  that  date  to 
the  present  time,  inorganic  electrolyte  has  been  supplied  by  some 
manufacturers  with  all  their  electrolytic  arresters.  Several  im>r- 
ganic  electrolytes  have  since  been  developed  for  use  with  arresters. 
They  are  alkaline  in  their  nature,  and  have  a  comparatively  long 
life  when  not   used  under  excessive  temperature. 

AVhen  the  trays  are  allowed  to  stand  for  a  day  or  two  in  con- 
tact with  electrolyte  the  films  will  deteriorate.  In  order  to  niain- 
tain  the  film  on  the  trays    in  good  condition,  it  is  necessary  to  im- 
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press  voltage  across  them  to  build  up  the  films.  This  is  called 
charging ;  it  is  accomplished  by  bridging  or  short  circuiting  the 
horn  gaps  for  a  few  seconds.  When  the  horn  gaps  are  bridged, 
the  current  flow,s  through  the  phase  sections  marked  /,  ^,  j,  in 
Fig.  II,  but  not  through  the  fourth  or  ground  section.  As  it 
is  necessary  to  maintain  the  film  on  the  ground  section  in 
good  condition,  this  is  done  by  inter-changing  it  with  one 
of  tiie  other  three  sections  by  means  of  the  transfer 
switch,  shown  in  Fig.  14,  which  interchanges  the  connec- 
tions of  2  and  4.     The    charging    operation    is    then    repeated  as 
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Ground 
FIG.      8 — SCHEME      OF      CONNECTIONS      FOR      A      THREE-TANK 
ELECTROLYTIC     ARRESTER     FOR    A    THREE-PHASE     GROUNDED 

NEUTRAL     SYSTEM 

before,  the  whole  operation  requiring  less  than  30  seconds,  The 
neglect  of  this  duty  may  lead  to  heavy  momentary  current  follow- 
ing a  lightning  discharge,  or  a  heavy  charging  current  during  the 
charging  operation,  as  there  may  be  only  a  partial  film  present  to 
prevent  the  flow  of  dynamic  current.  The  dynamic  current  builds 
up  the  film,  but  in  spite  of  this,  the  flow  of  current  may  be  suffi- 
cient to  blow  the  fuses  or  trip  the  circuit  breaker,  as  the  film  does 
not  build  up  instantaneously,  but  requires  a  short  interval  of  time. 
The  regular  charging  of  electrolytic  arresters  can  best  be  insured 
by  making  it  a  part  of  the  operator's  daily  routine.     This    also 
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serves  to  keep  him  familiar  with  and  interested  in  the  arrester. 
It  is  advisable  to  keep  records  of  the  operation  of  arresters,  such 
as  time  of  charging,  size  and  color  of  the  arc  and  the  height  to 
which  it  rises  on  the  horns. 

The  location  of  an  electrolytic  lightning  arrester  depends  to  a 
considerable  extent  upon  the  station  lay-out.  All  electrolytic  ar- 
resters for  voltages  less  than  loooo  volts  should  be  mounted  in- 
doors, because  for  these  voltages  the  manufacturers  provide  the 
tanks  with  indoor  entrance  bushings  and  because  the  horn  gap  set- 

tins:   at    these   low    voltages   becomes 

so  small  that  the  gaps  would  be 
bridged  over  by  rain  and  snow.  For 
voltages  between  loocx)  and  39000 
volts  the  arrester  may  be  placed 
either  indoors  or  outdoors  as  de- 
sired, or  according  to  available  space, 
both  locations  possessing  their  re- 
spective merits.  Above  39  000  volts 
the  manufacturers  advise  placing  the 
horn  gaps  outdoors  so  that  the  arcs 
can  do  no  damage.  The  tanks  may 
be  placed  either  indoors  or  outdoors. 
In  a  great  many  installations  the 
li.)rn  gap  structures  are  placed  on 
ihc  roof  and  the  tanks  inside  the 
station. 

I'.lcctrolytic  arresters  should  not  be 

installed   where   they   are  exposed   to 

FIG.    9— ELECTROLYTIC    LiGHTNiNc.   cxccssivc  teuipcrature,  as  the  film  on 

.\RRKSTKR    FOR    A    7  ooo    VOLT  the  surfacc  of  the  travs  deteriorates 

THREK-PH.\SE      GROINDEI)       NEl-  .,  ,   •     i' 

TR,\L  svsTE.M  more    rapidly    at    higli    temperature. 

The  disintegration  of  the  film 
with  lieat  makes  charging  necessary  more  frequently  in 
warm  than  in  cold  weather.  For  several  years  there  has 
l)een  availal)le  an  electrolyte  which  will  operate  successfully  up 
to  loo  degrees  F..  with  daily  charging,  and  at  somewhat  higher 
temperatures  for  shorter  periods.  Water  cooled  lightning  arrest- 
ers have  been  succe.ssfully  operated  under  temperatures  which  are 
said  to  be  as  high  as  136  degrees  F.  The  longer  the  trays  remain 
in  contact  with  electrolyte  and  the  higher  the  temperature,  the 
greater  is  the  rush  of  current  when  the  arrester  is  charged.    These 
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are  the  reasons  why  transformer  and  generator  rooms  which  have 
arresters  installed  near  the  top  where  the  heated  gasses  are  liable 
to  accumulate,  should  be  thoroughly  ventilated.  In  very  hot  cli- 
mates it  becomes  necessary  to  protect  the  tanks  from  the  direct 
rays  of  the  sun  to  prevent  premature  dissolution  of  the  films.  In 
such  cases  it  is  desirable  to  place  the  arrester  beneath  some  sort 
of  covering  or  on  the  shady  side  of  the  building,  where  there  is 
free  circulation  of  air. 

Electrolytic  arresters  have  been  operated  very  success- 
fully outdoors  even  in  climates  as  severe  as  Canada,  Nor- 
way and  Sweden.  The  electrolyte  freezes  between  20  and  25 
degrees  above  zero,  F.,  but  there  is  a  considerable  amount  of  heat 

stored  in  the  jacket  of  oil  surround- 
ing the  trays  and  electrolyte,  and  it 
takes  a  long  exposure  to  cold  weath- 
er to  penetrate  this  jacket  of  oil.  The 
electrolyte  may  be  subjected  to  freez- 
ing temperatures  for  long  period3 
without  being  injured  in  any,  way, 
but  when  frozen  it  becomes  mushy, 
and  its  conductivity  somewhat  re- 
duced, its  freedom  of  discharge  is 
reduced,  and  hence  the  protective 
power  is  reduced,  but  returns  when 
it  thaws.  Fortunately,  there  i,s  very 
little  or  no  lightning  at  the  time  of 
year  when  the  electrolyte  is  frozen, 
and  its  conductivity,  even  when 
frozen,  is  sufficient  to  take  care 
of  internal  disturbances  on  a  system. 

Cleanliness  is  very  essential  in  the  handling  of  treated  alum- 
inum trays  and  electrolyte,  and  at  the  installation  of  the  arrester 
the  tanks  should  be  cleaned  and  the  dirt  and  excelsior  thoroughly 
removed  from  the  trays.  The  tray  structures  should  not  be  al- 
lowed to  stand  uncovered  for  any  considerable  time.  The  trays 
are  filled  before  being  placed  in  the  tanks,  but  should  not  be  filled 
before  everything  is  in  readiness  to  place  the  arrester  in  service  on 
the  line,  as  if  the  electrolyte  is  allowed  to  stand  in  the  trays  for 
more  than  two  days  without  charging,  it  will  dissolve  the  films 
and  it  will  then  be  necessary  to  recharge  them  before  the  arrester 
is    finally   placed    in    service.     The    electrolyte    should    not    be    ex- 
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FIG.  10 — VOLTAGE  RELATIONS  OF  A 
THREE-PHASE  UNGROUNDED  NEU- 
TRAL ELECTROLYTIC  LIGHTNING 
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posed  so  that  il  will  culled  dust,  as  if  it  is  impure  it  will  not 
properly  form  the  film  on  the  ^surface  of  the  trays,  and  the  ar- 
rester will  not  o])erate  satisfactorily. 

After  a  stack  of  trays  have  been  tilled  with  electrolyte  and 
everything  is  in  readiness  to  place  them  on  the  line,  it  is  highly 
desirable  that  they  be  tested  tt)  see  that  all  of  the  trays  have  been 
properly  filled  with  electrolyte,  and  to  give  them  a  preliminary 
charge.  This  can  be  done  by  connecting  api)roximately  250  volts 
alternating  current  across  the  cells  successively  ( a  cell  consisting 
of  two  trays  with  electrolyte  betwen  them)  with  a  bank  of  lamps 
in  series.  The  numl)er  of  lamps  in  the  bank  should  be  sutl^icient 
to  limit  the  current  to  two  amperes  with  the  cell  left  out.  If  the 
film  is  not  i)roperly   formed   the  lamps  will  burn  brightly  at   first 

but  will  become  dim 
■'  as  the  film  builds  up. 
If  tile  lamp.s  do  not 
burn  brightly  at  first 
-3  the  film  is  properly 
formed;  if  they  do 
not  l)urn  at  all.  the 
tray  has  not  been 
filled  with  electrolyte. 
If  250  volts  is  not 
a\ailable  500  volts 
may  be  used  in.^^tead. 
across  two  cells  in 
^series.  If  only  125 
volts  is  available  one  can  determine  whether  the  trays  are  filled 
but  they  caimot  be  given  a  preliminary  charge.  If  oiilv  direct 
current  is  available,  thi^  may  be  used,  but  in  each  ca.se  the  leads 
must  be  reversed  and  the  operation  repeated  for  each  cell,  as  di- 
rect current   will  only  build  up  the  lilm  in  one  direction. 

When  a  tray  colunm  filled  with  electrolyte  is  being  lowered 
into  the  tank,  care  should  ite  used  not  to  spill  the  electrolyte,  as 
the  tailure  of  any  tray  to  be  in  contact  with  the  adjacent  Mpe 
through  the  me(|ium  of  the  electrolyte  will  render  that  colunm  in- 
operative. The  electrolyte  is  not  very  much  heavier  than  .'il.  ;md 
care  should  i)e  used  to  avoid  sj)lashing  it  out  w!>en  the  t.mk  is  be- 
ing lilled  with  oil.  Before  being  placed  in  the  tank  the  oil  should 
be  filtered  to  remove  iron  .scale  and  dirt  held  in  suspension,  if 
there    be    any.     .\    good    lilter   for  thi-;  purpose  m   '    '•"  Miade  by 
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spreading  over  the  top  of  a  funnel  two  or  three  thicknesses  of  fine 
cambric  cloth  from  which  the  sizing  has  been  removed,  llie  oil 
may  be  poured  against  the  side  of  the  tank,  or  siphoned  or  pumped 
in,  and  should  come  within  a  few  inches  of  the  top  of  the  tank 
or  sufficiently  high  to  cover  the  top  of  the  trays  and  so  that  the 
bottom  of  the  entrance  bushing  into  the  tank  is  immersed  to  the 
proper  depth. 

The  various  manufacturers  give  tables  of  setting  for  the  horn 
gaps,  which  have  been  compiled  after  a  thorough  consideration  of 

the   settings    which    have    given 
good    protection    in    actual    ser- 
vice   under    average    conditions. 
It  .should  be  understood  that  a 
definite  horn  gap  setting  cannot 
be  recommended    as    there    are 
many  factors  which  afifect  them. 
Unless      information      obtained 
through    experience   under   pre- 
cisely   the    same    conditions     is 
available,  it  is  good  practice  to 
make     the     initial     setting     the 
largest   given   in   the   table,   and 
then  reduce  this  day  by  day  un- 
til  the  gaps   just  arc   over  with 
switching  or  change  of  load  on 
the  system.     The  setting  should 
then  be   slightly  increased  until 
there   is   no  arcing   at   time.s  of 
normal   static  disturbances.  The 
minimum   settings   given   in   the 
various   tables   are   the   smallest 
that  can  be  safely  used  for  the 
respective  voltages  given. 
The  most  important  factors  which  affect  the  horn  gap  settings 
are  the  density  of  the  surrounding  atmosphere,  the  inherent  char- 
acteristics of  the  circuit,  the  wave  form  of  impressed  voltage,  and 
the  antennae  effect  of  grounded  structures  near  the  horns.     It  has 
been  demonstarted  by  actual  practice   and  by  experiment  that  an 
arc  will  jump  a  greater  distance  in  a  rare  atmosphere  than  in  a 
dense  one,   so  that  in   some  cases  it  has  been   found  necesary   to 
increase  the   settings  by  one-half,   at   altitudes  exceeding  4000  or 


FIG.  12 — ELECTROLYTIC  LIGHTNING  AR- 
RESTER FOR  1 1  000  TO  13500  VOLT, 
THREE-  PHASE  UNGROUNDED  NEUTRAL 
SERVICE 
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5  cxxj  feel.  Tile  leiukiKv  ot  a  circiiil  1m  resonance,  is  controlled 
hy  the  iiulnctance  and  capacity  of  the  circuit.  This  affects  the 
horn  gaj)  settings,  becau>e  when  there  is  a  tendency  to  resonance 
or  surges  the  gaps  are  more  readily  jumped.  In  such  cases  the 
cause  should  he  removed  :  if  this  is  not  possible,  the  gaps  must  be 
set  farther  apart.  If  the  wave  furm  is  peaked  it  is  necessary  to 
use  a  greater  horn  gap  setting  than  if  the  wave  form  more  nearly 
ai>proaches  the  sine  wave,  since  it  is  the  peak  voltage  and  not  the 
effective  voltage  which  determines  the  distance  which  an  arc  will 
jump. 


III..  13 — KI.KCTKOI.N  TIC  I.K.HTM.Vt.  .XKKKSTKK  KOH  I  I  (XKJ  TO  1 3  OOO-VOI-T 
TIIKKK-I'H.VSK  INCROINUKI)  NKITR.M.  SKKVICK.  FOR  OITIHKIH 
MOrNTIXr. 

The  presence  i>f  grounded  objects  near  the  horn  gaps  affect 
the  horn  gap  settings  because  they  change  the  potential  gradieii' 
across  them.  This  is  sometimes  termed  tiie  antennae  etTect.  It 
may  either  increase  or  decrea.se  the  tendency  to  spark  over,  de- 
pending ujwn   the  exact   conditions. 

Many  operating  engineers  object  to  the  presence  <if  fuses  m 
the  circuit  between  the  line  and  the  clectrolvtic  cell.  In  the  opin- 
ion of  the  writer  they  give  an  added  degree  of  j)rotection.  The 
principal  arguments  again>t  them  are  '^pace  they  require,  and  that 
they   may   l>low   out   without    the   knowledge   of    the   operator  and 
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leave  that  particular  line  without  protection.  This  last  argument 
is  only  true  to  a  limited  extent.  Lightning  discharges  may  in- 
volve thousands  of  amperes  for  a  moment  only.  The  blowing  of 
a  fuse  requires  the  flow  of  current  for  an  appreciable  length  of 
time,  which  depends  upon  the  amount  of  current  flowing.  Actual 
service  conditions  have  proved  that  an  electrolytic  arrester  in  good 
condition,  will  not  blow  a  fuse  of  No.  30  copper  wire  except  when 
the  lightning  discharge  is  heavy  enough  to  destroy  the  arrester,  if 
the  fuses  were  not  present.  The  fuses  also  protect  the  arrester 
in  case  of  failure  to  properly  maintain  the  film  on  the  surface  of 
the  tray.  If  the  arrester  is  not  properly  charged  for  some  time, 
heavy  current  will  flow  when  it  is  charged,  and  the  fuses  will  blow 
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fig.  14 — typical  diagram  of  connections  of  a  four-tank  elec- 
trolytic lightning  arrester  for  a  three-phase  ungrounded 

nei;tral  system 

before  any  harm  is  done  to  the  arrester.  In  any  case  it  is  much 
less  expensive  to  renew  a  fuse  than  it  is  to  replace  the  arrester, 
and  it  leaves  the  line  unprotected  a  much  less  length  of  time  than 
if  it  were  necessary  to  rebuild  the  arrester,  or  purchase  and  in- 
stall  a  new  one. 

When  an  arrester  is  being  initially  placed  in  service,  after 
making  sure  that  all  is  in  working  order  it  is  advisable  to  bridge 
the  horn  gaps  two  or  three  times  to  completely  form  the  film.  If 
before  being  placed  in  service  the  arrester  has  remained  uncon- 
nected for  more  than  two  or  three  days,  or  if,  having  once  been 
in  service,  twice  the  normal  charging  period  has  elapsed  without 
its  being  charged,  it  is  not  best  to  impress  the  full  potential  across 
the  trays  at  once,  but  the  film  should  be  reformed  by  one  of  the 
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following  methods.  An  arc  sIkjuIcI  be  started  between  the  horn 
^'ap.s  with  al)out  one-half  of  the  line  voltage  impressed  across  them, 
and  the  gaps  at  once  opened.  This  operation  shonld  be  repeated 
ten  or  fifteen  times,  just  a^  in  normal  charging  of  the  arrester  as 
described  before,  b^-ach  time  the  gaps  are  bridged,  the  fdm  on  the 
trays  will  be  buill  up  higher  than  it  was  before,  until  it  has  been 
built  up  to  the  highest  point  to  which  the  voltage  is  capable  of 
l)uilding  it.  The  voltage  should  then  be  raised  to  about  threc- 
ftiurths   full  line  voltage,  and  the  momentary  charges  repeated  as 


¥U\.  15 — VIEWS  OF  .\X  KLKCTROLVTIC  LIGHTNING  ARRKSTER  FOR  .\  165  CXX> 
VOLT  GROUNDED  NEL'TRAL  SYSTEM 
Tlic  view  at  the  left  shows  the  complete  arrester  in  its  tank,  wliile 
that  at  the  ritjlit  shows  the  tray  structure  and  tlie  arrangement  of  the 
micarta  tuhes.  Tliese  arresters  are  for  use  on  the  lines  of  the  Pacific 
l.inht   and    Power   Corporation. 

before.  The  full  line  voltage  may  then  be  impres.sed  across  the 
horn  and  the  momentary  arcs  repeated.  The  proper  condition  of 
the  film  will  be  indicated  by  a  bluish,  crackling,  static  spark  on 
the  horn. 

In  a  great  many  cases  the  reduced  voltages  can  not  be  obtained. 
In  this  case,  place  in  series  between  the  horn  gaps  and  the  tanks 
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instead  of  the  ordinary  fuse,  a  fuse  of  No.  30  copper  wire,  or  one 
of  the  strands  from  an  ordinary  lamp  cord,  and  bridge  the  horn 
gaps,  as  before.  The  fuse  will  blow,  and  the  film  will  be  built  up 
higher  than  it  was  before.  This  operation  should  be  repeated  fif- 
teen or  twenty  times  or  until  such  time  that  a  bluish  static  spark 
is  obtained  on  the  horns.  With  persistent  effort,  it  is  very  seldom 
that  the  film  can  not  be  properly  built  up  by  this  method. 

It  often  happens  that  in  the  process  of  building  up  the  films 
as  given  in  the  above  paragraph  the  electrolyte  and  oil  may  be- 
come quite  warm.  This  is  especially  true  where  the  film  has  been 
allowed  to  become  quite  low,  and  there  has  been  some  difficulty 
in  building  up  the  film.  The  electrolyte  and  oil  may  also  become 
quite  warm  after  Jong  severe  lightning  discharges.  As  mentioned  be- 
fore, the  film  dissolves  more  rapidly  when  in  contact  with  warm 
electrolyte  than  at  lower  temperatures,  and  in  such  cases  it  may 
be  advisable  to  occasionally  bridge  the  horn  gaps  afterwards  until 
the  arrester  has  reached  normal  operating  temperatures,  or  a  tem- 
perature less  than  100  degrees  F. 

By  bridging  the  horn  gaps  several  times  in  succession  as  ex- 
plained before,  a  reliable  indication  of  the  condition  of  the  arrest- 
er may  be  obtained.  If  a  heavy,  reddish,  fluffy  arc  is  obtained, 
which  runs  high  on  the  horns,  the  arrester  is  in  bad  condition  and 
the  film  on  the  surface  of  the  trays  is  not  perfectly  formed.  If 
the  trays  are  not  in  contact  with  each  other  through  the  medium 
of  the  electrolyte,  or  if  the  space  between  them  is  filled  with  oil, 
there  will  be  very  little,  if  any,  arc  on  the  horns.  The  arrester  is 
in  good  condition  if  there  is  obtained  a  bluish,  crackling  static 
spark  which  does  not  rise  high  on  the  horns.  The  height  to  which 
the  normal  static  spark  rises  depends  upon  the  electrostatic  capacity 
of  the  arrester,  which  in  turn  depends  upon  the  active  area  of  the 
tray  in  contact  with  electrolyte.  A  static  arc  rising  high  on  the 
horns  does  not  indicate  that  the  arrester  is  consuming  any  consid- 
erable amount  of  power,  because  most  of  the  current  flowing  is 
capacity  current.  Instead  it  indicates  the  effective  condition  of  the 
arrester. 

A  rumbling  sound  in  the  tanks  during  the  charging  operation 
is  caused  by  an  arc  jumping  between  the  trays.  This  is  usually 
caused  by  a  tray  not  being  sufficiently  full  of  electrolyte.  If  a 
rumbling  sound  is  heard,  the  trays  should  at  once  be  removed  and 
examined. 

If  no  dynamic  arc  occurs  on  the  horns  and  only  a  feeble  spark 
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appears,  it  indicates  an  oi)en  circuit  in  tlic  arrester,  which  may 
have  been  caused  by  some  tray  being  left  unfilled,  the  voltage  be- 
tween trays  not  being  sufficient  to  break  down  the  oil.  In  this 
case  the  individual  trays  should  be  tested  by  the  preliminary  test 
refered   to  previously. 

There  is  normally  not  \ery  niuch  deterioration  of  trays  in  ar- 
resters which  have  been  in  ordinary  service  under  average  con- 
ditions. The  trays  should,  unless  punctured,  or  mechanically  in- 
jured, last  for  several  years.  The  wear  upon  a  tray  depends  upon 
the  number  and  severity  of  the  discharges  which  it  is  called  upon 
to  take  care  of,  and  trie  frequency  of  the  charging  operation. 
There  is  a  slight  tendency  for  the  trays  to  lose  their  electrolyte, 
especially  tho3e  which  are  near  the  top.  During  long  heav\ 
discharges  or  when  there  is  a  heavy  rush  of  current  due  to  insuf- 
ficient charging,  the  oil  becomes  heated  and  rises  to  the  top.  ab- 
sorbing more  of  the  electrolyte.  Heavy  discharges  or  rush  cur- 
rents may  form  large  bul)l)les  on  the  surface  of  those  trays  which 
are  warm  or  have  least  electrolyte.  When  the  arresters  are  in 
good  condition,  the  bubbles  which  form  during  a  discharge  are 
small  and  readily  escape  over  the  surface,  but  when  .some  time  has 
elapsed  since  charging,  and  the  film  has  somewhat  deteriorated, 
these  bubbles  may  be  formed  rapidly  enough  to  push  some  of  the 
electrolyte  out  of  the  trays.  Though  it  is  impossible  to  observe 
the  i)henomena,  it  is  thought  that  the  larger  bubbles  cause  arcs  to 
form  between  the  trays,  which  coiuinue  either  until  they  have  been 
extinguished  or  until  the  tray  has  been  punctured  and  drained  of 
electrolyte.  In  arresters  which  are  new  or  in  good  condition,  there 
is  very  little  liability  of  i)uncture  ()f  the  trays,  but  as  the  electro- 
lyte becomes  older  and  its  distribution  unecpial.  the  danger  of 
puncture  increa,ses. 

Electrolytic  arresters  should  be  inspected  at  frequent  intervals 
to  see  if  they  are  in  good  condition,  especially  after  a  year's  ser- 
vice. They  should  be  carefully  examined  each  year  just  l>efore 
the  lightning  season.  If  at  any  time  they  are  found  not  to  be  in 
good  condition,  they  should  be  overhauled,  the  trays  should  be 
cleaned,  by  washing  with  gasoline  or  good  soap,  rinsed  in  clear 
water,  damaged  iray>  replaced,  and  all  the  trays  filled  with  new 
electrolyte.  It  is  not  necessary  to  renew  the  oil,  but  such  elec- 
trolyte as  may  have  accumulate<l  should  be  removed  froni  the  bot- 
tom of  the  tanks  and  the  oil  maintained  at  its  proper  heiglit. 


SOME  FEATURES  OF  THE  PACIFIC  LIGHT  AND 

POWER  SYSTEM 

B.  P.  ROWE 

THE  Pacific  Light  and  Power  Corporation  is  now  constructing 
a  transmission  system  with  generating  stations  and  sub- 
stations which  will  operate  at  a  line  voltage  of  150000  volts. 
This  is  the  highest  voltage  which  has  yet  been  utilized  for  com- 
mercial transmission.  The  power  will  be  generated  at  two  hydro- 
electric generating  stations,  located  on  Big  Creek,  about  70  miles 
from  Fresno,  California.  These  stations  are  practically  duplicates 
and  are  situated  about  four  miles  apart.  Each  .station  is  designed 
for  an  ultimate  capacity  of  105000  k.  v.  a.,  generated  at  6600 
volts,  three  phase,  50  cycles,  and  will  contain  six  17  500  k.  v.  a. 
water  wheel  driven  revolving  field  alternators,  two  being  installed 
with  the  initial  equipment,  together  with  two  250  volt  exciters. 
Those  for  power  house  No.  i  are  rated  at  150  kilowatts,  and  for 
power  house  No.  2  at  200  kilowatts.  One  exciter  in  each  station 
will  be  motor  driven  and  one  water  wheel  driven. 

The  current,  generated  at  6  600  volts,  will  be  stepped  up  to 
150000  volts  through  banks  of  5833  k.  v.  a.  transformers  con- 
nected in  se*:s  of  three,  with  the  low  tension  windings  delta  and  the 
high  tension  star  connected.  Each  station  will  have  an  initial  in- 
stallation of  two  banks  of  these  transformers  and  ultimately  six 
banks. 

Power  will  be  transmitted  from  these  stations  by  duplicate  sets 
of  three-phase  transmission  lines  a  distance  of  275  miles  to  the 
Big  Creek  sub-station  at  Los  Angeles,  the  generating  stations  being 
connected  so  that  they  may  be  operated  singly  or  in  parallel  on 
either  one  or  both  transmission  lines.  Each  line  is  designed  to 
transmit  approximately  60000  k.  v.  a. 

At  Borel  Junction,  about  135  miles  from  Los  Angeles,  a  switch- 
ing station  will  be  established,  and  additional  power,  approximately 
13500  k.  V.  a.  at  60  000  volts,  will  l)e  supplied  from  the  Kern  River 
.system  through  step-up  transformers.  Most  of  this  power  will 
be  generated  from  fwe  2  000  kilowatt,  two-phase  water  wheel 
driven  generators  locilcd  at  Borcl.  and  the  balance  from  the  Kern 
River  system. 

At  the  Big  Creek  sub-station,  there  will  be  banks  of  step-down 
transformers  which  will  reduce  the  voltage  from  150  000  to  6600 
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or  I5(XM)  VI "Us,  :is  required.  Al  this  station  Iwd  1500)  k.  v.  a. 
syncliroiiuii-<  rondenst'is  will  he  C'>iinccte<l  to  tlie  system  tlirouj^jh  a 
set  of  6rHX)  \<)It  l)Us-l)at>.  Ilie-^e  niacliiiie>  can  1)0  operatdl  either 
as  motors  or  generators,  and  may  Ite  used  initially  to  assist  in  main- 
taining a  better  power-factor  on  the  system.  Later,  the  machines 
may  be  used  as  generators  in  one  of  the  jxiuer  iiouses. 

Additional  power  will  also  be  supplied  t(j  the  Los  Angeles 
system  over  60000  volt  lines  from  the  Kern  River  system.  Power 
amounting  to  approximately  15000  k.  v.  a.  will  also  be  supplied  by 
local  generating  stations  through  step-up  transformers. 

The  principal  load  at  Los  Angeles  will  be  the  power  supplied 
to  the  Pacific  l^lectric  and  the  Los  Angeles  Railway  systems.     The 

railways  operate 
from  15000  volt 
transmifssion  line  s, 
and  the  power  is 
nearly  all  converted 
into  direct  current 
through  motor-gen- 
erator sets  of  large 
size. 


.\  general  idea  of 
the  transmission  sys- 
tem may  be  obtained 
from     Fig.     i.      The 
transmission     lines 
from     power    houses 
Nos.    I  and  2  may  be 
operated    either    with 
or  without    the    neu- 
tral grounded  and.  al- 
though   it    is    expect- 
ed   that    the    neutral 
points  of  the  transformer  banks  at  the  power  houses  will  be  ground- 
ed,  provisif»n  is  made  to  operate   ungrounded   if   (k\>ired.  and  all 
high  tension  apparatus  is  insulated  with  this  ]>ossibility  in  view. 

The  step-up  transformers  at  Rorel  Junctioti  will  be  connected 
with  the  neutral  of  the  low  tension  side  grounded,  thus  grounding 
the  ^K)  000  volt  system.  The  step-down  transformers  at  Kcr2i  .sub- 
station will  also  have  the  neutral  of  the  ^Sochmi  volt  system  grounded, 
and   tlu    15000  V'.>lt  generating  system   will   be   o^roimded.      X<^  re- 
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actance     or     resist- 
ance  is   inserted   in 
these      grounds. 
Whenever   the   tur- 
bines    and      engine 
driven       generators 
on  the  Kern  River 
system     are     oper- 
ated in  parallel,  the 
ground     is    discon- 
nected     from      the 
ineutral   of   the  ien- 
o-ine      driven      ma- 
chines.     The     neu- 
tral  is  not  ground- 
ed   at    any    of    the 
other      sub-stations, 
and   the    15000  volt 
distribution    system 
in    Los    Angeles    is 
operated       without 
the    neutral  ground- 
ed.     It  is  expected 
that  the  power-fac- 
tor of  the  load  will 
b  e      approximately 
85  percent    for  ini- 
tial  conditions, 
w  h  e  n        operated 
without     .synchroiv 
ous  icondensers. 

The  Pacific  Light 
and  Power  Corpor- 
ation, through  their 
engineers,  the  Stone 
and  Webster  Engi- 
neering Corporation 
of  Boston,  contract- 
ed for  all  the  ap- 
paratus for  the  ini- 
tial  installation   and 
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niucli  of  the  material  is  now  on  the  ground.  The  high  tension  ap- 
paratus involves  disconnecting  switches,  oil  switches  and  lightning 
arresters  for  150000  volt  service,  together  with  the  transformers 
to  raise  or  l;)wer  the  voltage  from  i5()(kxj  volts  to  the  working 
voltage.  All  150000  volt,  high  tension  apparatus  is  tested  at  the 
factory  at  375000  volts  for  one  minute  and  at  300000  volts  after 
installation  for  one  minute. 

The  general  scheme  of  connection  for  lines,  switching  apjKira- 
tus,  etc.,  for  the  new  installation  is  shown  in  the  single  line  diagram. 
Fig.  2.  All  of  the  switching  devices  from  generators  to  lines,  as 
well  as  the  high  tension  switching  devices  in  the  sub-stati(jns,  will 
he  non-automatic.  Provision  is  made,  however,  for  operating  the 
oil  switches  automatically  at  a  later  date,  if  desired.  Dy  means  of 
the  switching  devices  provided,  it  will  be  possible  to  operate  jwwer 
houses  No.  i  and  No.  2  in  parallel  with  the  multiple  connection 
made  at  only  one  point,  this  being  the  bus  junction  switch  between 
the  two  15000  volt  bus,ses  in  the  Big  Creek  sub-station.  Again, 
power  houses  Nos.  i  and  2  may  be  operated  separately  if  desired, 
each  with  its  own  transmission  line  and  15  000  volt  I)us  in  the  P>ig 
Creek  sub-stati(.)n  r)r  both  ma\'  be  operated  in  parallel  on  liic 
150000  volt  lines,  this  method  being  used  to  equalize  the  load  be- 
tween the  transmission  lines,  and  will  be  employed  when  one  line 
is  out  of  commission.  The  sub-station  at  Borel  Junction  may  be 
connected  in  to  supply  power  to  either  or  both  transmission  lines 
in  parallel  with  the  generating  stations,  or  this  source  of  power  may 
be  cut  off  altogether. 

If  desired,  the  system  may  be  operated  at  135000  volts,  as  the 
apparatus  and  meters  are  proju^rtioned  to  provide  for  the  extra 
currcr.t  which  would  flow  at  the  lower  voltage  with  the  rated  output 
in  k.  V.  a.  \''oltage  regulation  will  be  maintained  by  Tirrill  regula- 
tors, a  large  regulator  being  installed  in  each  of  the  two  generating 
stations.  Another  similar  regulator  will  be  installed  and  operated 
in  connection  with  the  synchronous  condenser  in  the  Rig  Creek  sub- 
station. The  150000  volt  oil  switching  devices  are  guaranteed  to 
rupture  short-circuits  on  the  system  when  connected  to  five  gen- 
erating units  in  each  station  of  a  total  capacity  of  87500  k.  v.  a., 
the  reactance  of  the  generators  being  ;\pproximateIv  eight  percent. 
The  large  oil  switches  connected  to  the  6  Tkjo  volt  bus-bars  for  u^e 
with  generators  and  step-up  transformers  will  each  have  a  ruptur- 
ing capacity  of  at  least  75000  k.  v.  a.     There  will  be  one  pair  of 
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automatic  circuit  breakers  in  each  power  station,  these  being  used 
to  carry  power  for  station  auxiliaries. 

All  of  the  oil  switches  are  either  motor  or  solenoid  operated, 
those  in  power  house  No.  2  being  entirely  solenoid  operated.  A 
complete  set  of  disconnecting  switches  and  double  set  of  bus-bars 
for  selective  switching  is  indicated  in  Fig.  2.  The  disconnecting 
switches  will  be  mounted  on  the  station  walls  with  blades  vertical 
when  closed,  and  will  be  operated  by  switch  hook  poles.  All  of  the 
150000  volt  bus-bars  and  connections  will  be  made  of  1.25  inch 
iron  pipe  supported   from  porcelain  insulators. 

The  electrically  operated  switching  devices  and  accessories  in 
power  houses  Nos.  i  and  2  will  be  operated  from  bench  boards, 
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FRONT  ELEVATION  OF  BENCH  BOARD  END  ELEVATION 

FIG.     3 — SWITCHBOARD    ARRANGEMENT    AT     POWER    HOUSES    NOS.    I    AND    2 

the  inclined  top  being  utilized  for  the  control  switches,  indicators 
and  miniature  bus  system  in  the  usual  manner,  while  the  upright 
rear  portion  will  contain  panels  on  which  will  be  mounted  the 
meters  and  indicating  instruments.  One  section  in  each  bench 
board  will  contain  the  Tirrill  regulator.  The  station  voltmeters 
and  synchroscopes  will  be  mounted  on  swinging  panels  at  the 
ends.  The  front  of  the  lower  portion  of  each  bench  board  will 
be  utilized  for  the  exciter  rheostat  hand  wheels  and  sprocket  con- 
trol as  well  as  relays  and  testing  receptacles  for  the  meter  circuits. 
Each  bench  board  will  contain  15  sections,  consisting  of  two  ex- 
citer sections,  two  generator  sections  with  two  blank  sections  for 
future  generators,  one  regulator  section,  one  blank  future  regulator 
section,  one  .station  auxiliary  section,  two  step-up  transformer  sec- 
tions, with  two  blank  sections  for  future  transformers,  and  two 
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DUtgoiiig  feeder  sections  each  to  control  une  15000(3  volt,  three- 
phase,  (outgoing   feeder. 

The  feeder  control  panels  will  be  standard  90  inch  straight 
,>^\vitchboard  panels,  each  to  contain  the  solenoid-o])erated  alterna- 
ting-current generator  switches  and  the  exciter  main  and  ecjualizer 
solenoid-operated  switches,  all  of  these  being  operated  fnjni  the 
bench  board.  These  panels  form  a  separate  independent  switch- 
board. The  alternating-current  generator  rheostats  are  motor  op- 
erated antl  controlled  from  the  bench  Ixiard.  The  .station  low  ten- 
sion lighting  and  power  system  as  well  a,s  the  st.)rage  batteries  and 
charging  system  arc  likewise  operated  from  a  ])anel  switchboard. 

All  of  the  switchboards  as  well  as  the  i>anels  in  the  bench 
board  are  of  black  Monson  slate.  The  apparatus  mounted  on  the 
panels,  except  miniature  bus-bars  and  current  carrying  parts,  are 
tinished  in  black  marine  finish.  Fig.  3  shows  a  general  view  of 
the  bench  board.  The  rear  i,s  enclosed  with  iron  grill  work,  en- 
trance to  the  interior  being  obtained  by  doors  in  the  grill  at  each 
end.     W'atthour  meters  are  mounted  on  panels  in  the  rear. 

The  switching  equipmeiU  in  the  Borel  Junction  sub-station  is 
similar  to  that  in  power  station  No.  2  except  that  all  oil  switches 
are  hand  operated.  The  switching  apparatu.s  in  the  Ijig  Creek 
sub-station  is  similar  in  character  to  that  in  power  house  No.  i, 
and  is  an  exten.sion  of  an  existing  system  already  in  operation. 


ONE  HUNDRED  AND  FIFTY  THOUSAND  VOLT 
POWER  TRANSFORMERS 

WITH   ESPECIAL  REFERENCE  TO  THE  INSTALLATION  OF  THE  PACIFIC 
LIGHT  &  POWER  CORPORATION 

W.  M    DANN 

TIJE  transformers  to  l)e  used  in  the  transmission  of  power 
over  the  system  of  the  Pacific  Light  &  Power  Corporation 
represent  the  latest  step  in  the  evolution  from  what  was 
at  one  time  consideied  "high  voltage"  to  a  working  pressure  of 
150000  volts.  The  .art  of  designing,  building  and  insulating  has 
progressed  to  the  pcint  where  the  manufacturer  can  ofTer  trans- 
formers for  this  lat  ;er  voltage  with  confidence  that  they  will  be 
as  reliable  as  the  ti  insformers  now  in  service  in  large  numbers 
for  little  more  tl  an  half  that  voltage.  While  the  transformers 
being  installed  by  the  Corporation  are  distinguished  chiefly  by  the 
high  voltage  at  which  they  will  operate,  they  are  also  conspicuous 
examples  of  the  "Class  A-i"  rating  recently  advocated  before  the 
American  Institute  of  Electrical  Engineers,  i.  e.,  they  are  designed 
for  continuous  service  at  their  rated  load  without  exceeding  a 
temperature  rise  of  50  degrees  C.  in  any  part.  They  have  no 
overload  rating  in  addition  to  this  single  rating. 

In  their  Big  Creek  generating  station,  17  500  k.v.a.  generators 
will  produce  three-phase.  50  cycle  energy  at  6600  volts.  This 
will  be  .stepped  up  to  the  transmitting  voltage,  150000  volts,  l)y 
means  of  banks  of  three  5  833  k.v.a.  transformers,  one  of  which 
is  shown  in  Fig.  i.  The  low  voltage  windings  are  to  be  connect- 
ed in  delta.  The  high  voltage  windings  wdll  be  connected  in  star 
with  the  neutral  point  of  the  star  grounded.  While  this  limits  the 
.stress  to  ground  to  86  700  volts,  the  system  may  at  some  time  he 
operated  without  the  ground  connection.  This  has  been  gener- 
ously anticipated  l^y  a  requirement  on  the  part  of  the  Corporation 
that  the  insulation  shall  withstand  a  one  minute  test  between  the 
windings  and  the  core  of  two  and  one-half  times  the  normal  work- 
ing voltage  between  line  wires,  i.e.,  375000  volts  for  the  high 
voltage  winding  and  16  500  volts  for  the  low  voltage  winding. 
These  transformers  are  thus  the  highest  voltage  power  transform- 
ers ever  built.  As  far  as  tlie  in,sulation  is  concerned,  they  would 
be  suitable  for  continuous  o])eration  at  187  500  volts,  with  a  slight 
increase   in   the  size  of  the  terminals.     At    this    working    voltage 
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the}'  would  ha\e  the  usually  accepted  inargiu  (jf  ^safely  represent- 
ed l)y  the  double  xoltage  test  recommended  by  tlie  A.  1.  V..  K. 
Standardization  !\uks.  It  is  a  strikinjj;-  illustration  of  their  size 
to  say  that  if  they  were  re-designed  and  converted  into  22  ooo  volt 
transformers  having  the  same  ])h\,>ical  dimensions,  they  would  be- 
come thoroughly  i)racticable  50  cycle,  single-phfise,  50  degree  ri^sC 
transformers  of  not  less  than  30000  k.v.a.  capacity.  In  other 
wttrds.  reducing  the  te,st  voltage  from  375000  \olts  to  the  normal 

te,st  required  for  a 
22  000  volt  transformer 
would  multii)ly  the  out- 
put per  unit  of  space 
occupied  between  five 
and   six   times. 

The  insulation  be- 
tween turns  is  a  matter 
of  particular  import- 
ance in  any  iiigh  volt- 
age transformer.  This 
Is  especially  true  of  the 
turns  ne.xt  to  the  line, 
as  the  insulation  a  t 
such  points  must  bear 
the  brunt  of  any  line 
disturbances  that  reach 
the  transformer,  \\itii 
the  surges  that  are 
likely  to  occur  tlue  to 
lightning  and  other  po- 
tential di,siurbances  on 
a  line  nearly  300  miles 
long  operating  at  150- 
<H)()  volts,  the  matter  of 
"end  turn"  insulation 
becomes  e.xtremely  im- 
portant. I'ig.  J  shows 
one  of  tHe  line  side  high  voltage  coils  of  the  5833  k.v.a.  traas- 
former  ready  to  receive  the  vacuum  drying  and  varnish  treatment. 
Inspection  will  show  the  very  heavy  padding  of  insulation  between 
the  turns  which  show  white  in  the  cut.  .\.  few  vears  ago  the  in- 
sulation between  tura-^  throughout  the  interior  of  the  windings  of 
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these  Iransfornicrs  would  lui\c  been  considered  adequate  for  use 
between  the  end  turns  of  transformers  wound  for  looooo  volts. 
The  high  voltage  terminals  are  of  the  condenser  type,  in  its  most 
modern  form,  as  shown  in  Fig.  3. 

The  mechanical  forces  tending  to  separate  the  primary  and 
secondary  coils  of  a  large  transformer  under  external  short-cir- 
cuit conditions  are  hard  to  appreciate  unless  one  has  seen  the 
destructive  elTects  of  such  conditions  on  a  transformer  not  prop- 
erly braced.  These  forces  act  in  two  ways ;  there  is  a  tendency 
for  the  primary  and  secondary  coils  to  separate  from  each  other 
along  the  axis  perpendicular  to  the  plane  of  the  coils.  This  very 
tendency  is  utilized  in  the  familiar  "constant  current"  regulating 
transformer  used  for  lighting  purposes.  Here  the  repulsion  due 
to  the  normal  current  is  balanced  by  counterweights  and  any  de- 


FIG.     2 — LINE     SIDE     HIGH     TENSION     COIL     USED    IN     TRANS- 
FORMER   SHOWN   IN   FIG.    I 

Showing  the  extra  heavy  insulation  between  turns. 

partures  from  the  normal  current  due  to  changes  in  the  load  con- 
ditions move  the  coils  to  a  new  position  where  the  normal  cur- 
rent and   repulsion  are  again  established. 

The  ends  of  the  outside  coils  of  the  power  transformer  are 
the  only  portions  of  the  winding  which  are  not  securely  confined 
by  the  core.  The  violent  tendency  for  the  coils  to  get  away  from 
each  other  under  short-circuit  conditions  is  therefore  fully  neu- 
tralized if  on  the  ends  of  the  groups  the  coils  are  braced  ade- 
quately enough  to  make  such  a  thing  impossible.  Fig.  4,  which 
shows  the  5  833  k.v.a.  transformer  out  of  its  tank,  illustrates  the 
bracing  of  the  coils.  Heavy  wood  plates  reinforced  by  boiler 
plate  press  against  the  sides  of  both  of  the  end  coils  where 
they  project  beyond  the  core.     When  the  set  screws  are  tightened 
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U|)  aiul  tlic  lock  mils  set,  llic  wliulc  j^n-oup  uf  coil-^  is  solidly  clamp- 
ed lo^fctluT.  The  mechanical  stresses  arc  tlien  transmitted  t(j  the 
cast  cud  frames  which  are  proportioned  to  withstand  the  maxi- 
imim  stresses  that  can  he  dexeloped.  J'he  second  tendency  ex- 
hihits  itself  in  the  plane  of  the  coil  and  not  at  rij^lu  antjles  to  it.  If 
each  conductor  of  the  primary  coil  lay  directl}  opposite  a  conduc- 
tor in  the  adjacent  secondary  coil,  there  would  be  no  force  of 
re])ulsion  except  in  the  direction  perpendicular  to  the  plane  of 
the  coil  a.s  already  described  and  as  illustrated  in 
Fig.  5.  The  sizes  of  the  conductors  and  the  num- 
ber of  turns  in  the  primary  and  secondary  coils 
are  usually  different  however,  and  the  conditions 
shown  in  Fig.  5  would  rarely  exist.  As  a  con- 
,sequence  there  is  almost  always  a  component  of 
the  repulsion  acting  in  a  direction  lying  within  the 
plane  of  the  coils  as  seen  in  Fig.  6.  As  before, 
this  force  can  operate  only  at  the  ends  of  the 
coils.  At  other  points  the  core  securely  holds  the 
conductor,s  in  place.  In  properly  designed  trans- 
formers of  large  ca])acity  this  is  minimized, 
though  rarely  eliminated,  by  making  the  width  of 
the  primary  and  secondary  coils  the  same  or  as 
nearly   the  same  as  possible. 

Additional  bracing  for  this  component  of  the 
repulsion,  as  used  in  these  large  transformers,  will 
be  seen  in  Fig.  4  and  in  sketch  form  in  Fig.  6. 
Strong  braces  of  "T"  section  pa&s  through  the 
opening  of  the  coils  at  the  top  and  bottom  and 
heavy  bolts  at  the  ends  of  the  T-bars  serve  to 
keep  the  coils  in  place  under  conditions  of  me- 
Fu;.  3— coNDENs-   chauical   stress. 

ER  TERM  IN  AL* 

This  rugged  and  substantial  mechanical  con- 
struction is  in  keci)ing  with  the  modern  reciuirements  for  power 
transformers.  The  generator  capacity  of  each  of  the  two  Big 
Creek  power  houses  will  ultimatelv  be  los  000  k.v.a.  A  sv.stem 
of  this   size   is  large  enough   to   maintain   sufTicient    voltage  under 


*This  tertn-nal  has  a  croopage  surface  <«t  60  iiidics  from  flatiRC  to 
static  shield.  DianicttT  of  central  coiuluctor.  2.5  indies.  E.xternal  diameter 
of  condenser,  0.875  inches.  Diameter  I'f  static  shield.  15  inches.  Radius  of 
roll  at  edge.  1.3  inches.  This  terminal  will  not  flash  over  at  400000  volt*. 
It  will  he  satisfactory  on  a  service  voltage  of  1*15000  vilts  at  60  cycle*,  and 
220000  volts  at  _'5  cycles,  the  <litTerence  being  caused  l>y  the  difference  in 
ilielectric  losses. 
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short-circuit   conditions  to   make  the   mechanical   stress   disastrous 
if  n;)t  fully  taken  into  account  in  the  transformer  design. 

At  the  Borel  Junction  .switching  station,  13  500  k.v.a.  at  60000 
volts  will  be  added  to  the  150000  volt  system.  This  power  will 
come  in  through  a  bank  of  three  4  500  k.v.a.  tie-in  transformers 
having  a  normal  ratio  of  60000  to  150000  volts.  This  same  de- 
sign of  transformer  will  be  used  in  the  Big  Creek  .sub-station  at 
Los  Angeles  to  step  down  to  15000  or  60000  volt  feeders.  The 
low  voltage  winding  can  be  connected  for  full  capacity  at  either 


FIG.  4 — 5833   K.V.A.  TRANSFORMERS   SHOWN   IN   FIG.   I 
OUT   OF   CASE 

72000,  60000,  18000  or  15000  volts.  While  their  capacity  is 
less  than  that  of  the  transformers  in  the  generating  stations,  their 
dimensions  are  greater  for  three  reasons: — (a)  They  are  to  be 
connected  in  delta  on  the  150000  volt  line.  This  means  that  they 
will  require  more  insulation  because  they  will  have  150000  volts 
impressed  across  the  total  high  voltage  winding  while  the  5  ^33 
k,v.a.  units  will  have  86  700  volts  impressed  across  the  total  high 
voltage  winding,  (b)  They  have  a  low  voltage  winding  for 
72000  volts.     Th's  requires  more  room  for  insulation,      (c)    They 
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have  a  Itnv    xoltaj^c   winding  split   uj)   into   four  parts,   to  be  con- 
nected in  ,series  or  in  parallel  and  this  requires  more  room  tiian  a 


strai;^lit   series   connection. 
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The  ai)|)earance  of  the  4  50U  k.\  .a.  transformer  i>  much  the 
same  as  the  5  <^33  k.\.a.  unit  with  the  exception  that  b.)th  the  l<nv 
voltajj;e  and  the  hij.,di  voltaj^e  terminals  are  of  the  condenser  type. 
If  it  were  re-desij^ned  and  converted  into  a  22  ocx)  volt  transform- 
er, with  physical  dimeivsions  unchanged,  it  could  l)e  made  int(j  a 
50  cycle,  single-phase,  50  degree  rise  transformer  of  not  less  than 
40000  k.v.a.,  or  something  over  eight  times  the  capacity  at  the 
high  voltage.  A  glimpse  of  one  of  these  transformer^  can  be  seen 
at   the  left  of  the  5  S33  k.v.a.   unit   in   I'ig.    I. 

I'ig.  7  shows  a  top  \  iew  <»f  the  windings  for  the  4500  k.v.a. 

transformer  before  the  core  is 
built  u]).  A  striking  feature 
is  the  absence  of  terminal 
boards  and  bars.  The  term- 
inals are  mounted  on  ,^ubstan- 
tial  "bridges"  made  uj)  of  in- 
sulating material  and  attached 
securely  to  the  sheets  of  in- 
sulating material  between  the 
groups  of  coils.  The  link  con- 
nections neccs^sary  for  con- 
necting in  series  or  multiple 
are  made  on  these  bridges. 
(  )ne  of  the  channels  which 
covers  up  these  link  connections  is  .^^hown  in  pWice  while 
the  other  is  remo\ed  and  is  seen  at  the  right  of  the  picture. 
.\1I  fullerboard  nid  micarta  insulation  is  made  from  drawings. 
The  various  parts,  therefore,  can  be  assembled  in  the  comi)lete 
transformer  with  accuracy  and  any  part  can  easily  be  duplicated 
with  assurance  that  it  will  fit  in  its  place. 

The  tanks  enclosing  these  transformers  are  cylindrical,  which 
form  is  well  known  to  be  the  strongest  and  most  substantial  con- 
struction that  can  be  used.  They  are  made  of  boiler  iron  with 
welded  .'^cams.  Welding  processes  lia\  e  been  so  perfected  that  the 
seams  are  as  strong  if  not  stronger  than  the  body  of  the  material 
itself.  T'or  mechanical  strength  the  bottom  of  the  tank  is  "dishecl"* 
like  the  co\er.     The  base  casting  has  .1  rece.^s  which  fits  the  cur- 
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vature  of  the  bottom  of  the  tank.  When  the  metal  gasket  is  in 
place  between  the  cover  and  the  tank  and  the  cover  is  drawn  down 
tight  with  the  numerous  bolts  provided,  the  case  become,s  practi- 
cally air  tight.  There  is  always  a  tendency  for  a  transformer  case 
to  "breathe"  as  its  temperature  changes,  due  to  changes  in  load 
conditions,  but  an  air  tight  case  of  course  effectively  prevents  the 


FIG.   7 — TOP  VIEW   OF  COILS   FOR  4  500   K.V.A.    150OOO  VOLT 
TRANSFORMER    BEFORE    ASSEMBLING    WITH    CORE 

passage  in  and  out  of  air  with  the  moisture  that  is  always  present 
in  greater  or  less  degre.  A  blow-off  or  vent  is  provided  on  the 
cover,  piped  to  a  sewer,  and  a  diaphragm  of  thin  sheet  metal  is 
placed  between  it  and  the  pipe  connection.  Any  excessive  internal 
pressure  will  be  relieved  by  the  rupture  of  this  diaphragm,  and 
any  oil  that  might  follow  a  violent  increase  of  pressure  is  simply 
conveyed  to  the  sewer. 


SWITCHBOARDS  FOR  ALTERNATING-CURRENT 
POWER  STATIONS-VI 

THE  ELECTRICALLY  OPERATED  SWITCHBOARD 
C.  H.  SANDERSON 

Till".  I'lLECTRICALLY  oIM'LRATED  SWITCHBOARD 
usually  takes  one  of  three  general  forms;  namely,  the 
panel  hoard  (  Fig,s.  2  and  3),  the  comhination  control  desk 
and  elevated  instrument  hoard,  (Figs.  4.  5  and  /j,  or  the  comhi- 
nation pedestal  and  instrument  post  board   (Fig.  8). 

As  in  the  a])plication  of  self-contained  or  remote  mechanically 
controlled  switchboards,  there  is  no  well  defined  field  to  which  any 
of  the  three  forms  is  confined.  More  than  in  any  other  type  of 
switchboard  does  the  electrically  operated  board  approach  the  ideal 
of  the  designing  engineer,  as  it  is  almost  entirely  uninfluenced  by 
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the  form  of  the  apparatus  which  it  controls.  This  fact,  moreover, 
accounts  largely  for  the  great  variety  of  combinations,  some  of 
which  are  shown  in  Fig.   i. 

There  are,  however,  certain  general  conditions  which  influence 
a  choice  of  design  and  which  must  be  rectjgnized  before  a  satisfac- 
tory arrangement  can  be  obtained.  The  most  important  of  these 
are: — 

1 — Tlic  capacity  df  the  station. 

2 — The  mimluT  of  ffcncrator,   fi-c«lcr,  l)ii.s-tie  ami  exciter  circuits  to  be 

controlled. 
3 — The  relative  proportion  of  feeder."?  t<i  generator  circuits. 
•I — The  scheme  of  lni.>-bars  and  intcr-connections. 
5 — The  location  and  arrannemcnts  of  the  switchboard  gallery  as  regards 

the  location  and  arranjiement  of  the  station  apparatus. 
6 — The  fir.st  cost  and  maintenaiice  cost. 
7 — The  system  of  operation;  or.  the  usual  manner  in  '.vhich  the  various 

circuits    will    he   operated,    considered    tt)Kethcr    with    the    provisional 

arranpcments  for  emerpency  use.  or  alternate  scheme  of  operation. 
8 — The  number  and  kind  of  instruments  and  control  devices  to  be  used. 
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FIG,      2 — PAXEL     TYPE      ELECTRICALLY-OPERATED      SWITCH- 
BOARD 


FK;     ,5 — REAR    \IK\V    ilK    SWITCH  HOARD    SHOWN    IN    FlC.    I 
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A  (liscussii)n  of  the  xarious  forms  of  C(jiitrol  shown  in  Fig>.  i 
to  8  will  illustrate  tlic  ii>ual  methods  in  which  the  relation  of  the 
ahove  conditions  to  the  type  of  hoard  are  recognized. 

Till-:     TAXI-.L    lUJAkl) 

The  ])anel  hoard  is  the  least  expensive  and  the  simplest  in  con- 
^i ruction.  It  is  fre(|uently  chosen  for  plants  of  moderate  capacity, 
and.  occasionally  for  those  of  high  capacity  where  the  number  of 
circuits  are  few  and  the  length  of  the  hoard  is  therefore  kept  with- 
in a  space  which  may  he  covered  almost  instantly  by  the  operator. 

The  panel  board  is 
invariably  chosen  for 
sub-statiorLS,  as  it 
must  generally  har- 
monize with,  a  n  d 
probably  be  an  ad- 
dition to  the  panel 
board  controlling  the 
low  tension  alterna- 
ting and  the  direct 
current  circuits  Oft- 
en the  C(^ntrol  for  the 
liand-operated  a  n  d 
I  he  electrically-opera- 
ted apparatus  of  the 
sub-station  are  com- 
bined on  the  same 
panel,  thus  obtaining 
a  t.mall,  inexpensive 
and    simple    boaril. 

The  panel  board, 
although  the  simplest 
in  construction,  may. 
liecause  of  its  u>ually  great  length  where  applied  to  large  station-, 
he  much  more  difVicult  to  ()i)erate  than  the  desk  control.  It  usu- 
ally re(|uires  the  least  widtli  and  the  greatest  length  as  regards  tl»or 
>pace  and  is,  ihereft^re.  sometimes  chosen  in  spite  of  other  jwssible 
disadvantages,  where  a  l<>ng,  narrow  gallery  is  the  only  provision 
which  can  conveniently  be  made  for  the  switchl)oard.  The  open 
construction  of   wiring  and  control  bu"^ses,  as  obtained  by   u«c  of 
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FIC.    4 — MNK.'KR    TYPE    CONTROI,    DESK 
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ihc  panel  board,  is  alunc  responsil)le  ft^-  its  adopliuu  by  iiiaiiy  en- 
gineers. 

It  is  desirable  lo  arrange  the  panels  to  correspond  with  the 
wiring  arrangement,  if  possible,  as  this  is  of  considerable  assistance 
to  the  operator  by  permitting  the  use  of  a  dummy  or  mimic  bus,  or 
system  of  bus,ses  on  the  front  of  the  panels,  thus  forming  a  single 
liiie  diagram  of  the  complete  wiring  system.  The  conduit  system 
for  arranging  the  control  and  instrument  wiring  is  also  greatly  sim- 
plified. If,  however,  there  are  a  great  many  circuits  to  be  con- 
trolled and  the  arrangement  is  such  that  a  number  of  feeders  in- 
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FIG.     5 — TYPICAL     CONTROL    DESK    AND    INSTRUMENT    BOARD     DRAWING 

Showing  arrangement  of  meter  receptacles  and  miniature  bus. 

tervene  betwen  each  generator  panel,  the  generator  panels  become 
too  widely  separated  to  be  under  the  immediate  supervision  of  the 
operator  and  must  be  assembled  at  one  end  or  at  the  center  of  the 
board  or  as  an  entirely  separate  board. 


THE   CONTROL  DE.SK 


The  coinbination  control  desk  and  elevated  instrument  board, 
as  illustrated  in  Figs.  4  to  7  inclusive,  may  be  used  for  .stations 
of  any  capacity  and  any  number  of  circuits.     The  particular  form 
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chocii,  hu\vc\cr,  mu^t  (lci)cn(l  upon  the  local  ciiiulitions,  as  ahovc 
described.  For  a  small  iiumber  of  circuits  the  linear  desk  (  l'"igs. 
4  and  5)  may  be  employed,  while  for  a  greater  niniiber  of  circuits 
the  semi-circular  desk  (  Im^.  7  )  is  more  desirable  as  it  permits  a 
uniform  view  of  all  sections  of  the  desk  from  one  central  position. 
When  it  is  desired  to  use  a  wall  of  the  building  for  support- 
ing the  instrument  panels,  the  arrangement  may  be  as  shown  in 
Fig.    i-b.     The    instrument    wiring,    except    for    a  small    amount 


KIC.   6 — CROSS-SECTIU.NAI.    UKAVV  I  .NC    OK   CO.MBl.N  ATIO.N'    CONTROL    IiKSK    A.M)    KI.KVATEl 

INSTRIMKNT    l«)ARD 

I'tir   Kcneratur    and    1ms    lio    circuits,    willi    (li>ul>lc    semi-circular    fcciUi 
hoard  of  tlic  paiu-1   type. 


beneath  the  desk,  and   ;di   ^inall,  un>^ightly  auxiliaries  mav  thus  be 
located  in  a  .separate  room. 

Where  there  are  few  in>truiuents  and  a  \ery  coiiii'.icL  H'mm 
of  desks  is  desired,  tlu-^ti  type  iustruiuents  inserle<l  in  the  top  »>f 
the  desks,  as  in  l-^g.  1 -c,  or  standard  iu-^trumeiits  sujiported  ab  »ve 
the  de^^k  as  in  l-'ig.  i-d.  may  be  used.  The  form  shi>wn  in  l-'ig.  i-e 
is  the  next  step,  where  more"  instnnuents  nuisi  be  accouiodatctl  on 
the  simplest    foriu  of  Ijoard.      In   this   form   also  the  desk  portion 
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may  be  employed  for  generators  only,  while  the  feeders  are  ac- 
comodated on  a  continuation  of  the  instrument  section  extending 
to  the  floor  and  arranged  on  each  side  of  the  generator  sections. 


FIG.    7 — CIRfTjLAR    TYPE    CONTROL   DESK 

Instrument  panels   supported   on  columns  which   form  part  of   the   desk 
framework. 

Fig.  i-f  may  be  employed  where  many  relays  and  other  auxiliaries 
must  also  be  accomodated.  With  this  arrangement  the  wiring  on 
all  panels  may  be  entirely  enclosed,  at  the  same  time  making  it 
very  accessible.     When  it  is  considered  desirable  that  the  operator 


FIG.    8—  COMBINATIOX    PKUKSTAL,    PUS-T    A  .\  U    PA.NEL    KyUiPMKNX 

have  an  unobstructed  view  of  the  station  floor  while  standing  at 
his  board  in  the  gallery  the  form.s  shown  in  i-g,  i-h  and  i-i  may 
l)e  adopted.     The  wiring  for  the  instruments  is  taken  up  through 
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the  colull1n■^  siij)i)t)rliiig  the  inslruiuent  panels,  which  are  covered 
at  the  back  with  expanded  metal  or  sheet  steel  removable  covers. 
'Die  instrument  colunnis.  l""ig.  i-l,  ma\'  be  arrani,a'd  to  forma  ])art 
of  tlie  gallery  railing  wiiere  desired. 

W  lien  the  numl)er  of  feeder  circuits  is  very  large  as  compared 
to  the  number  of  generator  circuits,  a  very  satisfactory  arrange- 
ment may  be  obtained  by  the  use  of  the  arrangement  shown  in 
Figs,  i-j  and  i-k.  in  the  former,  the  switch])oard  is  sometimes 
built   in   semi-circular  form,  where  there    is    a    great    number    of 


KIC.    9 — KLF.CTRIC.XLLV-OI'KRATEI)    IIOIRLF.-THKOW    EXCITKR    HOARD 

CoiUaiiiiiiK  (li)ul)k-i)(>K-,  (loiiljlc-throw  switclit's  (paiu-ls  i,  3,  4  and  f>) 
for  four  exciters  and  dniiblc-poK'.  ilinililo-tlirnw  ficlil  switdics  (jiatu-ls  j  and 
5)   for  six  generator  fields. 

panels,  so  that  all  meter>  will  face  the  operators  desk.  The  ar- 
rangemeiu  shown  in  l*"ig.  i-k  may  be  used  when  it  is  de>ired  to 
control  a  great  number  of  circuits  in  addition  to  the  generator  cir- 
cuits from  the  control  desk  itself.  The  instruments  are  divided 
between  the  front  and  rear  switchboard,  the  indicating  and  integ- 
rating meters,  voltage  regulators,  testing  receptacles,  etc.,  being 
placed  on  the  front  lx)ard.  with  the  relays,  relay  switches,  and  sta- 
tion au.xiliary  control  which  is  operated  infreiiuently,  on  the  rear 
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board.  The  ends  are  covered  with  grill  work,  provided  with  doors, 
thus  forming  an  enclosed  compartment  containing  the  more  un- 
sightly parts  of  the  board. 


PEDESTAL.S    AN  J)    POSTS 


When  a  station  is  e(|uipped  with  very  large  units,  pedestals 
for  the  control  switches  and  receptacles,  with  posts  for  supporting 
the  instruments  are  sometimes  used  because  of  the  complete  indi- 


FIG.    10 — ^REAR   VIEW   OF   EXCITER    BOARD    SHOWN    IN    FIG.    9 

viduality  thus  obtained  for  each  unit.  The  chance  of  the  operator 
mistaking  the  wrong  control  switches  is  greatly  reduced  and  the 
chance  of  trouble  in  the  small  wiring  communicating  itself  to  more 
than  one  unit  is  minimized.  This  form  of  control  may  be  used 
for  the  generators  only,  and  perhaps  for  the  transformer  banks 
when  used,  while  the  feeders,  which  require  less  attention,  are  pro- 
vided with  a  panel  type  of  board. 


THE  VALUE  OF  PROCESS  SPECIFICATIONS 

T.  D.  LYNCH   AND   F.  C.  LYNCH 

A  shiii)  process  is  any  operation  or  scries  of  operations  wliicli  i^ 
performed  in  fabricatinj^^  a  raw  material  into  a  finished  product.  A  pro- 
cess specification  is  a  clear  definite  statement  of  these  operations  fjiv- 
in}4  their  se(|uence,  the  materials  to  he  used  and  special  notice  of  diffi- 
culties to  he  yuardcd  against. 

OWING  to  the  failure  of  our  progenitors  to  leave  records  of 
iJK'ir  work.  \vc  lind  ourselves  unable  to  obtain  products 
which  wore  in  common  use  centuries  ago.  To  estimate  the 
degree  to  which  civilization  has  been  retarded  by  the  loss  of  these 
special  processes  would  he  impossible.  No  doubt,  one  of  the  great- 
est losses  the  world  has  ever  known  was  the  burning  of  the  Library 
of  Alexandria,  which,  it  is  believed,  contained  records  of  many  of 
these  lost  arts.  For  many  \ears  research  men  have  been  trying  to 
rediscover  some  of  these,  but  with  very  little  success.  If  such 
men  could  have  started  with  the  knowledge  of  the  method  used 
in  the  past,  and  s]:)ent  their  time  and  efforts  in  improving  them, 
civilization  would  doubtless  be  centuries  further  advanced. 

l-'or  a  long  time  the  secret  process  used  in  the  manufacture  of 
silks  has  been  confined  largely  to  the  people  of  the  East,  and  only  a 
comparatively  short  time  ago  was  given  to  the  people  of  the  West 
by  individuals  from  the  East.  History  tells  us  that  James  I  of 
iMigland  snuiggled  three  workmen  into  iMigland  from  France  to 
instruct  the  English  workmen  in  the  process  of  manufacturing 
alum  which  was  used  in  dyeing.  The  secret  of  manufacturing  soft 
jxircelain  was  known  1  _\  the  great  family  of  Medici  in  the  six- 
teenth century,  but  was  lost  soon  afterwards,  because  it  was  too 
carefully  guarded.  (  )ur  real  porcelain  was  obtained  first  by  an 
employee  of  Frederick  Augu-^tus.  b'.lector  of  Saxony,  in  the  year 
1710.  The  secret  was  ver>-  closely  guarded  by  building  a  factor\' 
in  a  forest  and  always  keeping  the  drawbridge  at  the  entrance 
raised;  none  but  the  workmen  could  eriter  and  leave  the  factor)-, 
and  they  were  lK)und  by  oath  to  keep  the  secret  until  death,  if  by 
accident  they  learned  it.  They  were  also  taught  that  betrayal  meant 
death.  This  was  the  origin  of  the  famous  Dresden  or  Meissen 
ware.  The  masterpieces  of  the  pottery  art  which  were  produced 
in  \'iennri,   were   the   result  of  a   runawav  workman  carrying  the 
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secret  to  Vienna  in  1745.     In  1770  the  secret  was  carried  to  France 
and  the  manufacture  of  Sevres  pottery  began. 

These  are  only  a  few  of  the  many  examples  which  could  be 
given  to  show  how  countries  have  in  the  past  sustained  enormous 
losses,  either  by  their  failure  to  keep  records  or  because  the  work 
was  so  arranged  as  to  prevent  any  one  man  from  becoming  fami- 
liar with  the  entire  process. 

Until  recently,  knowledge  of  processes  has  been  in  the  pos- 
session of  a  few  individuals.  The  course  fonnerly  followed  by 
skilled  workmen  in  almost  every  occupation,  to  keep  their  secret 
processes  from  being  lost,  was  to  train  the  oldest  son  in  the  trade 
of  his  father;  in  so  doing  they  were  sure  that  the  processes  would 
not  be  lost.  At  the  present  time,  hoiwever,  the  burden  of  preserv- 
ing and  advancing  shop  processes  has  fallen  upon  the  manufactur- 
ers themselves.  Overcoming  these  difficulties  and  standardizing 
products  are  the  two  most  important  reasons  for  the  process  speci- 
fication. 

During  the  era  of  small  shops,  it  was  easy  for  the  manufactur- 
er to  carry  all  processes  in  his  mind.  This  worked  no  great  hard- 
ship upon  him,  because  even  today,  the  foreman  of  any  particular 
section  soon  has  all  the  processes,  which  are  more  commonly  used 
in  his  section,  memorized  to  such  an  extent  that  it  would  not  be 
hard  for  him  to  produce  them  in  his  own  way  and  perhaps  get 
the  same  results  as  the  workman.  After  the  next  step  taken  by 
the  industrial  world,  which  was  the  formation  of  larger  companies 
where  the  work  was  much  more  varied,  it  became  impossible  for 
one  man  to  carry  the  work  entirely  in  his  mind.  This  immediately 
opened  a  new  field  for  what  has  since  been  called  "process  engi- 
neering," of  which  the  process  specification  is  the  product.  Its  in- 
fluence on  the  manufacturing  industries  in  the  future  will  be  very 
broad.  Embraced  in  it  are  all  the  benefits  resulting  froni  stand- 
ardization, which,  as  we  know,  in  the  case  of  machines,  has  re- 
sulted in  a  better  and  more  useful  product,  as  well  as  quick  deliv- 
eries, all  for  a  lower  cost  and  lower  investment  in  repair  parts  to 
be  carried  in  stock.  The  same  thing  can  be  expected  from  the  use 
of  the  process  specification — a  better,  a  more  useful  and  a  cheaper 
product,  and  the  interchangeability  of  workmen,  which  will  result 
in  keeping  the  best  workmen  busy  and  thus  a  smaller  number  of 
better  men  on  the  payroll  with  the  same  output,  eliminating  the 
necessity  of   keeping  one  man  for  any  particular  operation.     The 
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possibility  of  losing  valual)lc  inforniati(jn  when  employees  leave 
the  company  is  also  eliminated,  since  a  record  is  always  available, 
telling  details  of  the  operations  and  their  sequence.  This  informa- 
tion is  clearly  the  property  of  the  company,  as  it  is  usually  ob- 
tained through  the  expenditure  of  large  amounts  of  time  and  money. 

In  almost  all  branches  of  engineering,  records  are  among  the 
most  important  parts  of  the  science,  and  all  constants  are  very 
carefully  recorded  for  future  use.  'J"he  permanent  recording  of 
data  \)\  engineers  is  in  (|uite  a  contrast  to  the  procedure  followed 
in  some  shops  where  large  sums  of  money  are  spent  to  develop 
certain  processes  and  no  records  kept  of  how  the  results  are  ob- 
tained, the  records  of  the  dilliculties  met  and  how  overcome  bein;^ 
onl}-  in  the  minds  of  the  men  in  charge  of  the  work.  In  time,  these 
men  leave  the  company  and  sooner  or  later  the  same  ditticulties  are 
met  by  their  successors,  and,  without  any  available  records,  it  is 
necessary  again  to  spend  time  and  money  finding  the  cause  of  the 
troul)le  and  eliminating  it. 

The  process  required  to  manufacture  the  raw  material  and 
fabricate  it  into  a  finished  product  is  intricate  and  usually  the  re- 
sult of  numerous  operations.  One  does  not  realize  how  little  he 
knows  of  a  common  every-day  subject  until  he  attempts  to  pre- 
pare a  detailed  written  description.  Most  processes  are  a  growth  ; 
each  individual  during  its  development  has  learned  to  do  his  part 
with  great  skill,  and  the  whole  series  of  operations  has  expanded 
until  the  work  of  many  men  is  assembled  to  form  a  finished  article 
of  commerce.  As  long  as  each  member  of  this  net\vork  of  trained 
men  is  on  duty,  the  strength  of  specialization  and  unity  of  purpo.se 
is  shown  in  the  production  of  a  good  article,  and  at  a  \o\\  cost.  lUit 
let  a  man  performing  a  particular  operation  lea\e:  the  details  lA 
the  work  to  be  done  are  briefly  described  to  the  new  incumbent. 
Work  i)roceeds.  production  is  pushed,  but  a  little  later  trouble  de- 
velops, which,  as  a  rule,  is  very  exj)cnsivc.  When  the  origin  of  this 
trouble  is  traced,  it  is  usually  found  that  the  defect  is  in  the  part  (A 
the  apparatus  luade  by  the  new  man.  due  to  ignorance,  unreliable 
information,  a  misunderstanding  in  the  brief  and  incomplete  de- 
scription of  his  new  work,  or  to  the  fact  that  the  workman's  ideas 
of  the  proper  methods  diflfer  from  those  of  his  predecessor  and  he 
has  incorporated  his  own  ideas  into  the  work.  Original  ideas  arc 
always  to  i)c  encouraged,  but  tiie  introduction  of  n  new  idea  or 
l>lan  without  a  comprehensive  knowledge  of  the  relation  of  the  part 
in  fjuestion  to  tli.il  of  the  whole.  u>^ually  make^  trouble. 
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Some  efficient  plan  should  be  adopted  /or  perpetuating  effi- 
cient methods  of  doing  things ;  modern  managers  with  modern  ma- 
chinery demand  interchangeability  of  men  as  well  as  interchange- 
ability  of  parts  of  apparatus  made  in  quantity.  They  further  de- 
mand that  work  and  materials  be  unified  in  different  sections  of 
the  same  works  and  at  different  works  of  the  same  company ;  for 
example,  the  con".position  and  methods  of  making  and  using  solder, 
or  of  making  a  cast  iron  bearing  and  lining  it  with  babbitt,  should 
be  identically  the  same  in  materials,  operations  and  the  finished 
product,  whether  made  in  diiferent  parts  of  the  same  works  or  at 
different  works  of  the  same  company. 

Modern  managers  are  relying  upon  process  specifications  for 
the  solution  of  these  difficulties  in  the  manufacture  of  their  varied 
products.  In  order  to  accomplish  these  results  satisfactorily  and 
efficiently,  process  specifications  should  contain  concise,  definite 
statements  of  the  operations,  their  sequence  and  the  materials  to 
be  used.  Such  specifications  have  .standardized  manufacturing 
operations  so  thai  irrespective  of  wdiere  the  parts  are  manufac- 
tured, the  engineer  knows  the  data  given  will  he  satisfactory  for 
the  parts  of  any  future  machine. 

Process  engineering  is  the  art  of  procuring  the  necessary 
information  and  describing  definitely  and  fully  the  details 
of  all  the  operations  in  their  regular  sequence  necessary 
for  proper  production.  The  main  work  of  process  engineering 
may  well  be  considered  as  that  of  procuring  the  facts  in  the  form 
of  a  permanent  record.  Facts  well  in  hand  usually  clear  up  the 
most  difficult  problem,  and  it  is  often  surprising  to  find  how  sim- 
ple the  solution  becomes.  The  keynote  is  to  get  the  cold  facts  just 
as  they  are,  study  the  problem,  draw  conclusions  and  write  them 
into  a  process  specification  as  a  permanent,  definite  record. 

When  writing  a  process  specification,  both  needs  and  means 
must  be  considered.  Laboratory  tests  give  a  good  clew  to  what  is 
needed,  and  a  start  in  the  procuring  of  proper  data.  In  this  prepa- 
ration of  data  comes  the  work  of  the  i)rocess  engineer.  To  be  ef- 
fective in  getting  true  data,  one  must  cooperate  with  the  man  who 
actually  does  the  work;  he  knows  how  to  do  by  doing,  can  demon- 
strate clearly  and  definitely,  but  rarely  can  he  describe  correctly 
any  complete  operation.  He  will  furnish  a  great  deal  of  dross  and 
'-jiaff,  but  with  it  will  give  many  points  of  great  value. 
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There  are  two  principal  ways  of  securing  this  required  data. 
Tile  one  is  to  get  the  nian  who  is  doing  the  work  to  write  it  out 
liimself  in  his  own  way,  giving  such  data  and  in  such  form  as  it 
may  come  to  him.  Tliis  information  must  then  be  classified  and 
put  into  final  form  by  the  process  engineer.  Tradesmen  and  me- 
chanics will  describe  the  operations  performed  just  as  they  would 
tell  them  to  a  successor.  Tlieir  intentions  are  good  and  their  de- 
scriptions conscientiously  given,  but  when  these  descriptions  are 
written  as  given  and  afterwards  returned  to  the  author  for  his  ap- 
l)roval,  it  is  almost  invariably  found  that  the  meaning  is  not  clear 
or  it  may  be  erroneous,  so  that  many  important  changes  are  neces- 
sary— change  this  and  change  that — until  finally  we  have  an  ap- 
proved process,  clear,  definite,  and  a  matter  of  permanent  record. 

The  other,  and  usually  the  more  etYicient  way  of  obtaining  this 
data  is  for  the  process  engineer  to  collect  all  the  information  ob- 
tainable by  observation,  questions,  experiments,  and  personal  con- 
tact with  *^he  work  in  progress,  and  put  his  own  findings  into  final 
fonn.  It  is  often  necessary  actually  to  do  the  things  about  which 
the  description  is  to  be  written  in  order  to  make  sure  that  no  de- 
tail has  been  overlooked  and  that  each  explanation  is  complete.  Data 
once  established  and  carefully  recorded  may  be  handed  down  to  a 
successor  with  the  object  of  getting  the  w^ork  properly  executed  by 
the  new  incumbent.  This  sers^es  the  double  purpose  of  instructing 
a  new  man  on  a  piece  of  work,  and  of  fomiing  a  firm  foundation 
on  which  to  build  future  developments  and  improvements. 

Improvements  are  suggested  from  time  to  time  and  must  be 
carefully  considered,  and  such  changes  as  are  found  to  be  advan- 
tageous must  be  incorporated  in  the  specifications.  Quite  frequently 
it  is  necessary  to  develop  a  process  from  its  inception,  and  this  may 
include  special  apparatus  as  well  as  methods  and  materials.  Sucii 
apparatus  should  always  be  substantially  constructed,  and  yet  tiie 
cost  must  be  kept  as  low  as  is  consistent  with  good  results.  Espe- 
cially should  care  be  taken  in  the  building  of  the  first  equipment,  and 
it  should  be  thoroughly  tried  out  under  shop  conditions.  A  heavy 
and  costly  piece  of  apparatus  may  and  often  docs  defeat  a  most  ex- 
cellent ])rojcct. 

It  is  considered  infinitely  the  better  plan  to  have  the  engineer 
who  develops  a  new  process  and  new  apparatus  in  connection  with 
it,  supervise  the  design,  installation  and  placing  of  the  whole  scheme 
in  final  commercial  operation. 
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Shop  foremen  usually  receive  the  specifications  in  a  coop- 
erative spirit,  realizing  that  since  they  have  helped  to  furnish 
the  information  they  are  a  part  of  the  specification  and  at  the 
same  time  that  the  responsibility  for  the  perfection  of  the  finished 
product  no  longer  rests  entirely  upon  their  judgment  as  to  how  it 
.should  be  manufactured,  but  instead,  upon  their  enforcement  of  the 
specification.  Thus  their  position  becomes  one  requiring  executive 
ability  rather  than  the  knowledge  of  the  details  of  all  the  various 
processes  used  in  this  department.  It  makes  it  much  easier  to  start 
new  men  out  in  the  work,  since  all  men  prefer  to  master  the  best 
method  of  performing  an  operation  rather  than  to  develop  one  of 
their  own,  realizing  it  will  make  them  better  workmen  and  thus  able 
to  command  better  wages.  The  ease  of  starting  new  men  on  the 
work  allows  interchangeability  of  workmen,  which  is  a  great  help  to 
the  foremen,  as  in  present  manufacturing  industries  it  often  hap- 
pens that  first  one  and  then  another  line  of  production  is  the  most 
active.  This  interchangeability  of  workmen  was  almost  impos- 
sible under  the  old  conditions,  since  a  workman  did  not  approve  of 
having  another  man  working  on  his  line  and  would  not  help  get 
him  started.  The  specifications  also  benefit  the  foreman,  inasmuch 
as  they  are  written  to  fit  into  the  existing  conditions  of  the  shops 
and  in  that  way  he  is  not  expected  to  manufacture  products  and  get 
results  for  which  he  is  not  equipi)ed. 

From  the  shop  viewpoint,  a  good  specification  is  one  which  is 
exact,  and  does  not  contain  any  general  statement  requiring  the 
judgment  of  the  workmen  to  determine  the  exact  condition.  For 
example — a  good  specification  should  not  say,  "If  solution  is  too 
thick,  thin  with  approved  thinner,"  but  instead  it  should  state  the 
specific  gravity  at  which  the  solution  should  be  worked.  For  ef- 
fectiveness in  the  shop,  a  specification  should  contain  short  sentences 
and  common  words  which  will  be  understood  by  any  workman  who 
can  read. 

All  specifications  should  be  kept  up  to  date  and  to  do  this,  a 
record  of  all  that  are  issued  should  be  kept  on  file  and  a  receipt 
given  by  each  foreman  as  received.  To  keep  the  specifications  up 
to  date  necessitates  following  them  very  closely,  because  a  change 
might  first  be  arranged  between  the  engineers  and  the  shop  organi- 
zation as  an  experiment,  and  then  adopted.  Since  this  happens 
gradually  it  is  liable  to  result  in  a  change  in  the  process  without 
the  revision  of  the  records.     Whenever  a  specification  is  written  or 
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revised,  it  -hould,  before  being  approved,  be  sent  to  all  departments 
(li)ing  this  class  of  work  and  receive  their  approval  and  signatures, 
thus  eliminating  an\  possible  dissatisfaction  when  placed  in  the 
shop.  The  foremen  can  then  offer  no  excuse  for  not  following  in 
detail  each  operation  described,  since  it  has  already  received  their 
approval.  The  inspection  of  the  [)rocesses  will  result  in  better  speci- 
fications, because  the  engineer,  realizing  that  his  descriptions  will  be 
followed  in  each  detail,  will  be  careful  to  see  that  each  detail  is  cor- 
rect;  better  products  will  roult  because  the  shop,  realizing  their 
work  will  be  rejected  if  defective,  will  follow  the  instructions  more 
carefully,  and  no  important  detail  will  be  slighted;  better  material 
will  be  used  because  defects  or  inadapta])ility  of  any  of  the  raw 
materials  will  be  determined  immcfliately  and  a  different  material 
specified. 

The  adoption  of  process  specifications  by  the  manufacturing 
industries  means  a  more  uniform  product  by  standardization  of 
methods  employed,  a  permanent  record  containing  valuable  data 
for  future  improvements  and  the  introduction  of  scientific  men 
into  a  new  field  which  has  in  the  i)ast  been  conducted  largely  by 
rule-of-thumb  methods.  Their  investigations  are  first,  to  gener- 
alize the  dift"erent  processes,  and  then  to  seek  the  laws  which 
they  follow.  The  determination  of  these  laws  results  in  the 
elimination  of  the  old  rule-of-thumb  methods,  and  the  education  of 
workmen  alt)ng  more  scientific  lines.  W'h.ole  communities  are  profit- 
ing by  the  better  education  of  individuals  and  the  cheaper  and 
better  products  resulting  from  the  intrcduction  of  more  scientific 
methods  b\   process  engineers. 
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INDUSTRTAT.    SERIES    AND    HEAVILY    COMPOUNDED 

MOTORS 

METHODS  of  testing  series  and  heavily  compounded  motors 
may  be  divided  into  two  parts,  the  first  including  all  mo- 
tors of  this  type  used  for  industrial  purposes,  and  the 
second  including  all  railway  motors  both  direct  and  alternating 
current.  The  difference  betwen  the  tests  for  these  two  types  is 
mostly  on  account  of  the  widely  different  character  of  service  they 
are  required  to  meet.  All  illustrative  data  for  the  first  type  given 
in  the  following  text,  was  taken  from  the  complete  engineering  test 
of  a  25  horse-power,  800  volt,  650  r.p.m.,  series-wound  mill  motor. 

RESISTANCES 

The  method  of  measuring  the   resistances,   together  with   the 

data   for  temperature  correction   has   already  been  outlined*  ;   the 

results  for  the  above  motor  are  as  follows : — 

Armature   at    16°   C 0.3334  ohms 

Series  field  at  16.5°  C 0.471     ohms 

Temperature   Coefficient   at    16°   C I-0355 

Temperature    Coefficient    at    i6.5°C i-0334 

Armature    at    25°C  —  0.3334  '^  i-0333  = 0.345     ohms 

Series  field   at  25°C  =  0.471  x  1.0334  = 0.487     ohms 

SPEED    REGULATION 

In  this  test  the  motor  may  be  loaded  either  by  belting  or  di- 
rect-connecting it  to  a  generator  of  sufficient  capacity  to  carry  150 
percent  rated  motor  load  or  by  loading  back  on  a  similar  motor 
running  as  a  generator.  The  diagram  of  connections  for  such  an 
arrangement  is  given  in  Fig.  i.  With  this  scheme  of  connections 
the  relation  of  the  two  as  motor  and  generator  may  readily  be  re- 
versed. Their  direction  of  rotation  may  he  changed  by  reversing 
the  armatures  of  both  machines.  Each  of  these  changes  may  be 
quickly  made  by  properly  coimected  double  throw  switches,  care 
being  taken  that  the  voltmeter  connections  are  changed  to  corre- 
spond in  each  case. 

After  the  machines  are  connected  up,  their  relative  polarity  is 

*TnE  Electric  Journal,  Feb.,  1913,  p.   154. 
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clieckcd  by  circulating  llirniigh  both  machines  wliile  they  are  still 
at  standstill  iro\\\  onc-lialf  to  three- fi>urtli>  noiinal  current  In- 
means  t)f  the  booster.  If  the  polarities  are  properly  related  the 
two  machines  will  oppose  each  other  as  motors  and  will  therefore 
remain  at  standstill ;  if  not,  their  torques  will  be  exerted  in  the 
same  direction,  causing  the  armatures  to  rotate.  In  the  latter  case 
the  armature  connections  of  one  of  the  machines  should  be  reversed. 
After  checking  the  connections  carefully  and  inserting  the 
necessary  meters,  as  shown  in  Fig.  i,  the  motor  should  be  started 
through  a  resistance,  and  as  the  latter  is  gradually  cut  out,  care 
should  be  taken  to  note  that  the  generator  load  is  sufficient  to  keep 
the  motor  from  reaching  a  dangerous  speed.  If  the  motor  is  com- 
pound-wound, the  shunt  field  switch  should  always  be  closed  be- 
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fore  the  machine  is  started.  When  the  motor  is  running  properly, 
the  brushes  should  be  set  on  the  no-load  neutral,  as  nearly  as  it 
can  be  readily  approximated,  and  readings  <^f  speed  taken  at  the 
same  load  for  each  direction  of  rotation.  The  brushes  are  then 
adjusted  to  such  a  position  as  to  make  these  readings  equal  and. 
unless  otherwise  specified,  they  should  be  so  set  permanently. 
When  the  brush  setting  is  permanent,  that  is.  not  capable  of  ad- 
justment in  the  first  place,  the  same  readings  should  be  taken  and 
should  check  within  5  percent  of  each  other,  and  of  normal  speed 
rating. 

W'ith  the  bru.shes  on  the  neutral  i)oint  the  motor  is  adjusted 
to  the  succesive  loads  desired,  and  at  each  one  readings  are  taken 
of  terminal  volts,  amperes,  field  volts  and  speed,  and  the  commu- 
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tation  is  noted.  If  tlic  machine  has  a  shunt  iield,  its  current  should 
be   that  obtained   at   the   end  of  a   full   load   heat   run.     Readings 

should    be    taken    for    each 

direction  of  rotation  cover- 
ing a  load  range  from  150 
percent  to  as  low  a  value  as 
the  increasing  speed  will 
permit  with  safety.  It  is 
usually  best  to  start  at  the 
higher  loads  and  come  down 
to  the  lighter  because  of  the 
,resultant  .greater  uniform- 
itv  of  temperature  during 
the  test.  The  readings  for 
this  test  are  given  in  Table 
I,  and  the  speed  regulation 
curves  for  each  direction  of 
rotation,  are  given  in  Fig.  2. 
Correction  for  Tcmpera- 

Fic.  2-spEED  REGULATION  CURVES  OF  A  25  t iirc  or  V oltage— The  curves 
HOKSE-powER  INDUSTRIAL  SERIES  MOTOR  in  Fig.  2  are  accuratc  onlv 
FOR  BOTH  DIRECTIONS  OF  ROTATION  ^^  ^^^^  tcmperaturc  at  which 

the  test  is  taken  as  the  potential  drops  in  the  motor  circuit  vary 
with  the  temperature.  It  is  seldom  necessary  or  desirable  to  make 
corrections  in  test  re.sults  for  this  variation  but  when  it  is  the 
following  method  is  the  simplest  and  most  accurate : — 

Let  E  =  Terminal  volts. 

I  ^  Terminal   amperes. 

r  =  Armature  resistance  at  the  desired  temperature. 
r,=  Series  field  resistance  at   the  desired  temperature. 
R  —  Total   resistance  =  r  + ri. 
e  =  Field  volts  as  obtained  bv  test. 
R 
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ratio  of  total  drop  to  field  volts 


Then    e,  =  Calculated  total  drop  =  I  x  R. 
e,—  Observed  total  drop  =  K  x  e. 
E.z^  Calculated  induced  volts  =  E  —  Cj. 
Eo=  Observed  induced  volts  =E  —  e^. 
Speed' at  the  desired  temperature  equals  observed  speed  times  the  ratio 

E,--E, 

The  value  of  the  constant  K  for  a  given  temperature  can  be 
readily  calculated  by  correcting  R  and  r^  for  temperature  as  indi- 
cated at  the  beginning  of  this  article.     Assuming  that  the  desired 
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leniperalure  is  60  degrees  C.  tlie  calculation  would  be  as  follows: — 

Resistance  at  25°  C.  At  60°  C 

Armature   (r)  =  0.345  ohms 0.3935  ohms 

Series   field    (r,)=  0.487  ohms 0.5555  ohms 

Total    resistance     (R)=r4r, 0.9490  ohms 

r,  0.5555 
The  ratio  Ej  -^  E.  then  follows  directly,  as  indicated  above, 
and  may  be  applied  to  the  values  of  speed  in  Table  I.  This  same 
method  may  be  used  for  making  corrections  in  speed  for  different 
terminal  voltages  by  substituting  the  desired  voltage  instead  of 
actual  line  voltage  when  working  up  the  calculated  induced  volt-. 

TABLE  I— SPEED  REGULATION. 


Clockwise  Rotation. 

Volts. 

Amperes.                 Field  Volts. 

R.P.M. 

500 

67.5                            40.5 

552 

500 

56.25                           35 

592 

500 

45                               29 

646 

500 

33-75                           22 

723 

500 

22.5                             14.!^ 

879 

500 

11.25                             7.3 
Counter  Clockwise  Rotation. 

I  500 

500 
300 
500 
500 
500 
500 


1'.,.     The  result  will  be  only  apjiro-ximately  correct  on  account  i^i 
the  difference  in  saturation  at  the  different  voltages. 

CORE    LO.SS,    FRICTION    AND    W'IND.XC.E 

In  this  test  the  motor  is  connected  up  for  separate  excitation 
as  in  Fig.  3.  Field  current  values  are  then  obtained  by  means  of 
the  booster,  varying  from  joo  percent  normal  to  the  lowest  safe 
value,  a  sufficient  number  of  jxiints  being  selected  to  obtain  an 
accurate  curve.  At  each  value  of  tk'ld  current  the  armature  volt- 
age is  so  adjusted  as  to  give  the  motor  speed  corresponding  t  • 
that  field  as  obtained  from  the  si)eed  curve.  Core  loss  is  proi)or- 
tional  to  the  induced  e.m.f.  which,  in  turn,  is  proportional  to  the 
speed.  Therefore,  if  for  a  certain  held  excitation,  the  speed  is 
adjusted  to  the  value  found  on  the  speed  curve  for  that  value  «>f 
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Held  current,  the  core  loss  will  closely  approximate  that  existing 
under  load  conditions,  the  only  ditYerence  being  that  due  to  the 
effect  of  armature  reaction  under  load. 

It  is  best  to  start  the  motor  under  full  load  conditions,  clos- 
ing the  armature  circuit  through  a  resistance  and  bringing  the  mo- 
tor to  speed.  The  field  current  is  then  adjusted  to  the  first  point 
desired  on  the  curve  and  the  speed  regulated  accordingly.     At  each 


Armature 


Booster 


FIG.   3 — CONNECTION   DIAGRAM    FOR   TAKING 
CORE    LOSS    ON    A    SERIES     MOTOR 


point,  values  of  line  am- 
peres, volts,  field  amperes 
and  speed  are  read,  giving 
in  this  case,  the  values  in 
Table  11.  The  results  are 
plotted   in   Fig.  4. 

FRICTION    AND     WINDAGE 


In    taking    this    test    the 
the   mechanical   operation   of 
the    motor    should    be    care- 
fully   noted.     The    oil    rings 
the   brushes   set   at   the   right  tension,   the 


.should  be  carrying  oi 
commutator  smooth,  and  the  armature  rotating  without  end  play. 
The  motor  is  then  driven  without  load,  the  voltage  applied  being 
sufficient    only    to    give    it    the  required  speeds.     The  data  taken 

TABLE  II— CORE  LOSS,  FRICTION  AND  WINDAGE 


Volts. 

Armature 
Amperes. 

Watts. 

Series 

Field 

Amperes. 

R.  P.  M. 

492.5 

483.5 

785 

467 

458 

450.5 

436 

5.6 
2.8 

2.45 

2.5 

2.6 

2.7 
2.9 

27^8 
'      1354 
I  163 
I  167 
I  i(>i 
I  217 
I  263 

8 

15.8 
24.6 
33.2 
42 
50 
65 

2  100 

I  115 
860 
740 
665 
630 
670 

should  cover  the  entire  speed  range  of  the  motor,  readings  being 
taken  at  each  jjoint  of  line  amperes,  line  volts  and  speed.  This 
test  should  be  taken  before  and  after  the  core  loss  test  and  should 
give  the  same  result  in  each  case.  I])ata  for  a  four  point  curve 
covering  the  motor  speed  range  is  given  in  I'ablc  III,  and  the  re- 
sultant curve  is  plotted  in  Fig.  4. 


rr.srL\'c  of  iu.i:ctric.\i.  .irr.ih'.irrs 


A)i 


SATLKATION 

Readings  of  field  current,  speed  and  armature  volts  obtained 
in  the  core  loss  test  furnish  all  the  necessary  data  for  a  saturation 
curve.  However,  instead  of  plotting  the  relation  between  tield 
current  and  voltage  directly,  it  is  convenient  in  the  ca>e  of  series 

motors  to  plot  a 
curve  showing  the 
relation  b  e  t  w  e  e  n 
r.p.m.  and  field  cur- 
rent on  the  same 
sheet  with  the  core- 
los^  curve.  The  re- 
lation between  field 
current  and  armature 
volts  at  any  speed 
can  then  be  obtained 
directly  from  t  h  e 
curves    in    Fig.   4. 

EFFICIENCY 

There  are  three 
standard  methods  of 
<letermining  the  effi- 
ciency of  series  mo- 
tors, the  separate 
Fu;.  4— s.\TiK.\rio.\  .\.\i)  .\u-Lo.\n  loss  clrvks  of  .\.v    loss      methi^d.      the 

IM.rSTR,.XL  S^U^.ES    MOTOR  p,^^^.     ,,^.^,.^.     ,^^^j,^^^, 

and  the  output-input  method  for  motor-generator  .sets  composec' 
of  two  >imilar  motors.  The  first  of  these  is.  however,  best  adapt- 
ed for  general  testing,  the  (»thers  applying  usually  to  .special  case-. 
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Vulis 

85 
115 
160 
300 


Amperes 


Watts 


K.PM 


4.S 

408 

600 

.S.85 

673 

Soo 

5.6 

I  056 

1  100 

8.1 

2430 

_■  njo 

Rfficicticy  by  Losses — This  i>  the  most  conunon  means  of 
measuring  the  efficiency  of  ^series  motors  and  is  carried  out  in  the 
same  manner  as  for  shunt  m(»tors  alreadv  outlined  in  .\rticle  XTI. 
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With  series  motors  the  total  value  of  core-loss,  friction,  windage 
and  brush  friction  losses  should  be  taken  from  the  loss  curve  as 
in  Fig.  4,  the  speed  under  consideration  determining  the  point  at 
which  they  should  be  taken  for  each  point  on  the  efficiency  curve. 
The  speed  values  may  be  determined  either  from  the  speed  regu- 
lation curve.  Fig.  2,  or  the  saturation  curve  in  Fig.  4.  For  con- 
venience this  curve  may  be  plotted  on  the  speed  regulation  curve 
sheet  with  line  amperes  as  abscissae. 

Efficiency  by  Brake — This  method  for  series  motors  is  exact- 
ly the  same  as  that  described  in  article  VII  for  shunt  and  com- 
pound motors. 

Input-Output — In  this  test  two  similar  motors  are  coupled  to- 
gether as  a  motor-generator  set.     Care  should  be  taken   in  lining 

up  that  there  is  no 
the  bear- 
and  that  the 
machines  have  suffi- 
cient allowance  for 
end-play.  The  dia- 
gram of  connections 
is  given  in  Fig.  5, 
showing  the  genera- 
tor .series  field  in  the 
motor  circuit  to  in- 
sure the  same  exci- 
tation for  both  ma- 
chines. 
Before  starting,  the  cold  resistances  of  motor  armature  and 
series  field  and  generator  armature  should  be  taken.  The  brushes 
are  then  set  on  neutral  and  the  motor  started  through  a  series  re- 
sistance, care  being  taken  that  the  generator  is  loaded  on  a  suit- 
able resistance,  as  the  starting  resistance  is  gradually  cut  out. 

Starting  at  150  percent  normal  load  and  decreasing  by  25  per- 
cent steps,  readings  are  taken  at  each  point,  of  motor  terminal  volts 
and  amperes,  generator  volts  and  amperes,  and  speed.  Commu- 
tation should  be  noted  during  the  test  and,  at  the  end,  hot  resist- 
ances of  all  windings  taken  as  rapidly  as  possible. 

In  calculating  the  results  of  this  test  it  is  evident  that  the 
efficiency  of  the  set  is  equal  to  the  product  of  voltage  and  current 
on  the  generator  end  divided  by  the  product  of  voltage  and  current 
on  the  motor  end.     Then,  as  the  two  machines  are  assumed  to  be 


To  Power 

> 


To  Load 


FIG.  5 — DIAGRAM  OF  CONNECTION  FOR  MEASURING 
THE  EFFICIENCY  OF  SERIES  MOTORS  BY  INPUT- 
OUTPUT  METHOD 
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similar  in  all  respects,  the  efficiency  of  either  will  be  the  square 
root  of  the  overall  efficiency  of  the  set.  This  method  is  theoreti- 
cally subject  to  a  slight  ernjr  due  to  the  fact  that  the  machine 
operating  as  a  generator  is  n(jt  running  under  normal  conditions; 
but  the  error  so  introduced  is  small  as  compared  to  the  possible 
inaccuracies  of  the  method  itself  due  to  the  fact  that  the  two  ma- 
chines are  not  exact  duplicates.  Input-output  tests  for  efficiency 
are  not  to  be  recommended  except  where  approximate  values  only 
are  desired. 

TEMPERATURE    TESTS 

Because  of  the  great  variety  of  the  service  to  which  series 
motors  are  put,  temperature  conditions  vary  almost  with  the  in- 
dividual machine.  For  this  reason  no  temperature  test  is  standard, 
each  test  being  determined  to  tit  a  particular  case.  However, 
when  the  conditions  under  which  the  test  is  to  be  run  have  been 
specified,  the  method  of  test  is  the  same  as  outlined  in  Article  \TT 
for  shunt  and  compound-wound  motors. 

COMMERCIAL    TE.STS 

In  running  commercial  tests  on  a  series  or  heavily  compound- 
ed industrial  motor,  a  generator  capable  of  carrying  125  percent 
motor  load  should  be  used  as  a  load.  Because  of  the  heavy  ser- 
vice for  which  they  are  intended,  the  mechanical  details  of  series 
motors  should  be  inspected  with  especial  care  before  starting  the 
test.  The  bearings  should  be  well  filled  witii  oil  and  the  shaft  turn- 
ing smoothly;  and  the  brushes  should  be  ground  to  a  good  fit. 

Readings  of  speed,  line  volts,  line  amperes,  series  field  drop 
and  commutating  field  dro])  (if  the  motor  has  such  a  winding) 
should  be  taken  for  each  direction  of  rotation  at  the  50,  100  and 
125  percent  values  of  load.  These  readings  will  serve  as  a  suffi- 
cient check  with  the  mot(^rs  of  the  same  lot  on  which  complete 
etigineering  tests  have  been   run. 

Ovcrspced — The  usual  overspeed  test  on  motors  of  this  tyi)C 
is  four  times  normal  speed  rating.  The  machine  should  Ik?  run 
without  load  as  a  series  motor  with  only  sul'ticicnt  voltage  ti'*  give 
the  re(|uircd  speed.  Care  should  be  taken  that  the  initial  voltage 
applied  i>  sufliciently  low  so  that  the  speed  will  be  well  within  the 
limit. 

Lrahii(/r  The  leakage  or  ground  test  consists  of  <leterniimng 
the  insulation  resistance  by  the  series  voltmeter  method.  It  should 
be  taken   immediately   after   the  over-speed   test,  as   the   insulation 
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is  more  liable  to  show  defective  then  than  at  any  other  time. 
Normal  voltage  should  be  used  at  iirst  and  if  the  voltmeter  read- 
ing is  less  than  loo  volts  on  a  500  volt  machine  it  will  be  .safe  to 
make  the  over-potential  test.  This  is  usually  i  500  volts  for  500 
volt  machines. 

VEHICLE    MOTORS 

Complete  engineering  tests  on  vehicle  motors  are  similar  to 
those  already  described  for  series  motors.  Their  commercial  tests, 
however,  are  somewhat  different. 

Commercial  Test — The  motor  bearings  should  be  first  tilled 
with  oil  and  the  brushes  carefully  gr(,)und  to  a  good  ht  and  given 
a  slightly  backward  lead,  the  armature  rotating  clockwise  unless 
especially  specified  otherwise,  as  these  motors  are  designed  for  one 
direction  of  rotation  only.  The  motor  is  then  belted  or  direct- 
connected  to  a  generator  of  sufficient  capacity  to  furnish  200  per- 
cent motor  load.  In  starting  these  motors,  the  field  winding  is 
usually  divided  into  two  parallel  circuits  to  give  a  greater  start- 
ing torque,  the  change  from  parallel  to  series  arrangement  being 
made  upon  reaching  a  sufficient  speed. 

On  reaching  full  load,  readings  of  speed,  armature  volts,  line 
amperes,  field  volts  and  field  amperes  are  taken  and  commutation 
and  noise  noted.  If  these  values  are  within  the  limits  of  the  en- 
gineering test,  the  motor  is  loaded  to  200  percent  normal  and  given 
an  observation  half  hour  run,  readings  as  given  above  for  full  load 
being  taken  at  the  beginning  and  at  the  end  of  the  run.  The  full 
load  speed  should  be  checked  again  after  this  run.  and  the  motor 
then  shut  down  and  the  belt  or  coupling  removed.  With  no  load 
on  the  motor,  sufficient  current  is  shunted  from  the  armature 
through  a  suitable  resistance  to  give,  with  normal  field  and  volt- 
age, the  normal  full  load  speed  as  found  above.  Readings  are 
then  taken  of  armature  volts,  armature  amperes,  field  volts,  field 
amperes  and  speed.  Then  the  product  of  armature  volts  and  arm- 
ature amperes  gives  the  no-load  losses  of  the  motor. 

The  motor  is  now  shut  down  and  the  over  potential  test  to 
ground  made.  For  this  type  of  motor  1000  volts  to  ground  for 
one  minute  is  a  sufficient  test. 
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943 — Phasing  Out  Generators — A 
360  k.v.a.,  2  200  volt,  two-phase 
jjcneratur  was  phased  out  by 
placing  transformers  across  the 
Dpen  oil  switch  as  shown  in  Fig. 
943  (a).  With  no  voltage  on  the 
generator,  all  four  lamps  glowed  at 
ahout  one-half  voltage,  but  when 
the  field  was  excited,  lamps  ^.  .1 
and  7  glowed  in  unison,  while  /  re- 
mained unaffected.  No.  2,  although 
keeping  synchronism  with  .?  and  4, 
showed  a  very  e.xcessive  voltage, 
so  that  it  was  impossible  to  bring 
the  generator  up  to  full  voltage 
without  bursting  the  lamp.  Many  va- 
riat'ons  of  this  method  were  tried, 
the  transformers  were  changed,  etc., 
but  the  same  result  was  invariably 
observed.  As  time  was  pressing, 
this  generator  was  phased  out  by 
means  of  a  motor,  found  to  be  cor- 
rect, and  put  into  service.  Two 
other  gemralors  in  the  same  power 
bouse  were  phased  out  with  iden- 
tically the  same  transft)rmers  and 
nothing  abnoral  occurred.  It  may 
l)e  mentioned,  that  while  this  gen- 
erator was  being  phased  out,  the 
static  ground  detector  on  phase 
A  R  swung  from  side  to  side  with 
a  frequency  corresponding  to  the 
beats  of  lamps  2,  .7  and  4,  thus  sug- 
gesting that  the  equalizing  current 
was  flowing  tlirough  the  ground 
<Ietcctor  instead  of  through  lamp 
/.  Is  it  possible  that  a  ground  on 
tlic  alternator  may  have  caused 
transformer  No.  i  to  be  shunted 
l)y  the  capacity  of  tlie  ground  de- 
tector in  such  a  way  as  to  set  up 
resonance  and  cause  the  trans- 
former to  carry  a  constant  current 
independant  of  the  voltegc  devel- 
oped by  the  incoming  machine? 

J.  P.  (.VLBtKTA) 


The  mo.>^l  probaJjle  explanation  of 
the  conditions  described  is  the  pres- 
ence of  a  ground  (or  at  least  a  par- 
tial ground)  on  the  incoming  gener- 
ator at  or  near  the  terminal  which 
will  be  connected  to  the  bus  bar  A. 
If  we  assume  a  dead  ground  on  this 
terminal  and  also  a  ground  at  the 
neutral    of    tiie    svstem.    a    moment's 
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reflection    will    make    it    evident    tha; 
the   potential   across   lamp   /   will    re 
main  constant  at  the  value  as  caused 
by  the  voltage  of  the  system:   while 
that  across  lamp  j  will  fluctuate  ir  •■^^ 
one-half  voltage  to  one  and  om 
voltage,  providing  the  incoming  , 
crator  is  operating  at  the   >-ame  po 
tcntial  as  the  system.     The  effect  «»t 
the  static  capacity  of  the  system  will 
be  sufficient   to  cause   the   neutral   to 
assume  and   maintain   grotiml   n.'ton- 
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tial  in  so  far  as  the  small  current  re- 
, quired  for  synchronous  lamps  is  con- 
cerned. In  other  words,  it  will  prob- 
ably take  considerable  more  than  the 
current  required  for  operating  thjL 
synchronizing  lamps  to  remove  ma- 
terially the  potential  of  the  neutra. 
point  of  the  system  from  ground  po- 
tential. Hence,  the  assumption  that 
the  system  is  grounded  at  the  neutral 
is  co'rrect  in  so  far  as  the  amount 
of  current  required  for  synchronizmg 
is  concerned.  The  only  additional  as- 
sumption, therefore,  to  account  for 
the  condition  described  in  the  fore- 
going question,  is  that  of  a  ground 
on  the  terminal  of  the  generator. 
That  this  is  the  correct  explanation 
is  also  indicated  by  the  action  of  the 
ground  detectors,  and  again  by  the 
fact  that  the  other  generators  were 
synchronized  without  this  phenomo- 
non  appearing.  p.  m.l. 

944 — Power-Factor  of  Generator- 
Should  the  power- factor  meter  on 
a  generator  lag  or  lead  when  the 
generator  is  over  excited,  the 
power  factor  of  the  line  supplied 
by  the  generator,  being  lagging? 

G.  T.  B.  (WISCONSINQ 

The  degree  of  excitation  of  a  gen- 
erator   determines    nothing    but    the 
voltage    when    the    machine    is   oper- 
ated  alone,   and  the   power-factor  is 
determined  solely  by  the  load.    When 
the  generator  is  operating  in  parallel 
with    others,    with    a    load    of    unity 
power-factor,     the     power-factor     in 
the     individual     generator     will     be 
leading  when  the  generator  is  under 
excited   and  lagging  when   it  is  over 
excited.     If  the  load  is  lagging,  the 
actual  power-factor  in  the  generator 
will  be  the  vectorial  resultant  of  the 
lag  of  the  load  and  the  inherent  lead 
or  lag   of   the  generator,   and  hence 
may  be  either  leading  or  lagging,  de- 
pending upon  circumstances,  c.  R.  R. 
945 — Mine  Equipment — The  Light- 
ing   Company    with    which    I    am 
connected    is    negotiating    \yith     a 
coal  mine  in  this  vicinity  with  the 
intention  of  serving  them  with  en- 
ergy.     The    maximum    amount    of 
bituminous   coal   mined   per   day   is 
about  500  tons,  the  working  day  is 
8   hours.   6   days    per    week.      The 
transmission  line  is  3  miles  long  at 
2  300    volts,    two-phase.    60    cycles. 
It   is  our   intention   either  to  use  a 


synchronous   motor   direct-connect- 
ed to  a  direct  current  250  volt  gen- 
erator or  a  rotary  converter;  and 
we  would  like  to  know  the  relative 
merits  of  each.     The  equipment  is 
as   follows :     One   mining  locomo- 
tive,   approximating    6    tons,    esti- 
mated at  40  hp.,  capable  of  hand- 
ling  25    to   30   acres,   total    weight 
3  500  lbs.,  on  a  one  percent  grade. 
One  mining  machine   (short  wall) 
estimated  at  25  hp.    They  are  now 
using  a  battery  locomotive,  capable 
of  gathering  7  or  8  cars  from  the 
rooms  to  tlie  main  line.     This  loco- 
motive is  charged  each  night  by  a 
7.5  kw.   no-volt  generator  at  a  50 
ampere  rate.     They  also  have  a  5 
hp   motor    for    a   5    foot   propeller 
fan.      We    could    generate    at    the 
sub-station  at  such  a  voltage  as  to 
allow  8  to  10  percent  transmission 
loss   and    supply   a  motor    for   the 
motor-generator     set      with      2  300 
volts.     The  generator  now  on  hand 
could   be   used   during  the   day   as 
an    exciter     for    the     synchronous 
motor  and  also  charge  the  storage 
battery  at  night,  being  driven  by  a 
motor  of  a  sufficient  size   to  take 
care  of  the  fan  also.    There  will  be 
no  need  of  wire  service  in  the  form 
of  trolley  within  the  mine,  as  the 
locomotive    will    be    purely    a    trip 
locomotive,  taking  care  of  the  loads 
from  the  mouth  of  the  mine  to  the 
tipple,   a   distance   of   about   three- 
fourths  of  a  mile.    Would  a  vector 
diagram  be  applicable  to  this  prob- 
lem so  as  to  see  the  advantage  of 
changing  any  one   factor,  entering 
into  the   synchronous  motor  prop- 
osition ?  F.  G.  F.  (w^.  VA.) 

For  mine  service  a  synchronous 
motor  generator  set  is  slightly  pre- 
ferable to  a  rotary  converter  due  to 
the  better  compounding  characteris- 
tims.  A  rotary  converter  will  be 
slightly  more  efficient  than  the  motor 
generator  set.  The  capacity  should 
he  about  50  kw  to  take  care  of  max- 
imum overloads,  which  may  reach  as 
I'igh  a  value  as  80  kw,  when  the  loco- 
motive is  starting  a  load  and  the 
mining  machine  is  running.  It  will 
not  he  necessary  to  use  the  small  no 
volt  generator  to  excite  the  synchro- 
nous motor,  since  this  motor  can  be 
excited  from  the  250  volt  generator. 
We  would  not  reciMumend  using  the 
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same  motor  to  drive  the  >mall  l)al- 
tery  charging  generator  and  ventilat- 
ing fan,  since  the  fan  will  run  all  tii-' 
time,  while  the  generator  will  only 
operate  a  few  hours  out  of  the 
twenty-four.  Both  the  fan  and  the 
small  generator  should  he  driven  by 
an  induction  motor,  which  should  be 
220  or  440  volt,  since  it  is  not  prac- 
tical to  build  a  2300  volt  motor  for 
a  capacity  less  than  20  hp.  A  vector 
diagram  would  be  of  little  use  except 
to  determine  the  instantaneous  value 
of  power- factor  by  combining  the 
load  of  the  motor  generator  set,  say 
at  100  percent  power- factor,  with  the 
small  motor  load  at  about  80  percent 
power- factor.  Since  the  load  on  the 
motor  generator  set  is  always  chang- 
ing the  result  would  be  of  very  little 
value.  G.  B. 

946 — Exciter  Brushes — We  have 
two  motor  generators,  consisting 
of  23  horse-power,  3-phase,  60  cy- 
cle, 440  volt,  28.5  ampere,  squir- 
rel-cage motors  direct  connected 
to  120  volt,  125  ampere,  i  130 
r.p.m.  compound  wound  generators 
used  for  excitation  purposes,  for  a 
500  and  I  000  k.v.a.  steam  turbine 
driven  alternator.  The  excit- 
ers are  run  a  little  over  rated 
speed  and  furnish  a  current  of 
from  60  to  go  volts  regulated  by  a 
Tirril  regulator.  One  of  the  ex- 
citers is  placed  by  each  machine; 
the  larger  machine  being  slightly 
out  of  balance  causes  a  certain 
amount  of  vibration  which  wa- 
thought  to  be  the  cause  of  its  ex- 
citer giving  tr()ul)Ie.  For  about  a 
niKiith  the  exciter  l)rushes  sparked 
considerably,  but  by  shifting  them 
forward  and  back  and  checking  the 
spacing  we  have  them  adjusted  tn 
give  no  sparking  from  no  load  t" 
full  load  with  the  exception  of  on'- 
set  of  seven  brushes  which  run  all 
right  until  they  pick  up  a  piece  of 
copper,  then  they  spark  untily  it  is 
removed.  All  of  the  bars  on  the 
Ciimmutator  show  a  small  surface 
(al)out  one-eighth  of  the  face)  that 
is  i)ittcd  us  if  arcing  was  going 
on.  Also  about  one-third  of  the 
face  of  the  brush  api)ears  rough 
although  repeatedly  surfaced  off. 
The  commutator  has  been  sanded 
and  put  in  good  shape,  but  soon 
takes  on  this  roughened  appear- 
ance.    The  mica  seems  to  be  worn 


down  to  the  level  of  the  copper, 
(a)  Would  the  vibration  of  the 
generator  cause  this  trouble?  (b,) 
would  graphite  brushes  or  softer 
carbon  brushes  and  more  brush 
spring  give  better  result?  (cj  Are 
the  brushes  too  wide  or  not  wide 
enough?  c.  i.  H.   (kansas) 

The  commutation  of  a  direct-cur- 
rent generator  will  be  made  worse 
by  any  of  the  following  changes: 
Increasing  of  vibration;  increasing 
the  speed;  high  mica;  improper  ad- 
justment of  brushes.  The  descrip- 
tion of  the  trouble  with  this  machine 
indicates  that  there  is  sparking  at  the 
brushes  which  causes  a  marking  of 
the  commutator  bars  and  also  the 
brushes.  If  the  vibration  of  the  ma- 
chine is  bad,  it  might  account  for 
the  troul)le;  at  any  rate,  it  would 
have  an  injurious  effect  on  the  com- 
mutation. Softer  brushes  would  noi 
necessarily  improve  the  conditions, 
but  a  high  grade  brush,  such  as  arc 
manufactured  by  all  the  carbon  mak- 
ers, would  be  advisable.  The  mark- 
ing of  the  bars  and  brush  indicates 
that  the  brush  is  too  wide.  The  face 
of  the  brush  could  be  slightlv  bevel- 
led so  as  to  try  out  the  effect  of  a 
narrower  brush  contact.  It  would 
probal  ly  be  advisable  to  undercut  th" 
mica.  I,.  H. 

947— Power-Factor  Reading— In  a 
.station  containing  three  two-phase, 
four  wire.  2260  volt.  55  ampere 
I)er  terminal,  60  cycle  generators, 
two  additional  power  factor  meters 
have  l)ecu  installed,  making  one 
for  each  unit  where  formerlv  there 
was  one  meter  for  all.  What  is 
the  formula  for  finding  the  result- 
ant of  the  three-i)ower  factor 
meter  readings  which  are  taken 
every  hour  with  the  watt  and  am- 
pere  readings? 

.        .  W.  T.  M.  (PENNA.) 

It  IS  impossible  to  determine  .1 
resultant  of  ditTerent  power-factor 
readings  from  the  reading?  of  the 
power- factor  meters  only,  as  the  re- 
sult depends  also  upon  tlie  amount  of 
power  conveyed  at  eacli  of  the  d  • 
ent  power- factors.  The  rcsu.; 
power-factor  may  readilv  be  deterni- 

med  by  dividing  the  total  kw.  ov. 

Iiy  the  total   k.v.a.  output.    For 
results  the  generator  tields  - 
adjusted  until  all  the  nuti  r>. 
same.  ,    k  k. 
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948 — Emergency  Transformer  Con- 
nection— Why  is  it  desiral)le  to 
to  short-circuit  the  damaged  wind- 
ings of  a  three-phase  shell  type 
transformer  when  they  are  dis- 
conected  from  the  working  cir- 
cuits. V.  S.  F.     (new    YORK) 

If  the  damaged  windings  are  not 
short-circuited  the  full  normal  e.m.f. 
is  generated  in  them,  and  since  the 
coil  insulation  is  defective,  an  arc 
is  liable  to  be  started  which  might 
burn  up  the  rest  of  the  transformer. 
If  the  damaged  winding  is  short- 
circuited  on  itself  the  generator  po- 
tential will  be  limited  to  a  very  small 
drop  through  the  windings  caused  by 
the  comparatively  small  current,  as 
explained  on  page  417  of  the  May, 
1913  Journal.  c.  r.r. 

949 — Determination  of  Polarity — Is 
there  a  method  in  use  by  electri- 
cians for  determining  the  polarity 
of  electric  current? 

G.  W.  K.   (n.  DAKOTA) 

A  quite  common  method  of  de- 
termining polarity  is  to  dip  a  wire 
from  each  of  the  terminals  of  the 
liattery  or  generator  into  salt  water 
a  short  distance  apart.  Bubbles  will 
arise  from  around  the  negative  ter- 
minals. If  the  current  is  flowing  the 
molarity  may  also  be  determined  by 
ineans  of  a  compass.  Set  the  com- 
)ass  over  the  wire,  with  the  wire  in 
such  a  position  that  when  no  current 
is  flowing  it  will  be  parallel  with  the 
needle  of  the  compass.  If  the  north 
end  of  the  compass  is  deflected  east- 
ward, the  current  is  flowing  toward 
the  north;  if  it  is  deflected  west- 
ward, the  current  is  flowing  in  the 
opposite  direction.  There  are  also 
various  small  instruments  for  sale  by 
the  electrical  supply  houses  for  de- 
termining polarity.  The  best  method 
is  to  use  a  direct-current  voltmeter, 
if  one  is  available.  j.  w.  m. 

950 — Operating  Rotary  Converters 
by  Two  Transformers — We  are 
now  operating  a  six-phase  rotary 
converter  from  three  single-phase 
transformers,  33000  volts,  three- 
phase  delta  to  435  volts,  six-phase 
diametrical,  with  129  volts  for 
starting.  Please  show  by  diagram 
how  to  connect  this  converter  so 
as  to  operate  it  from  two  of  these 
transformers.  j.ot.  (ill.) 

A  diagram  is  unnecessary  for  this 
connection.      Simply    disconnect    one 


transformer,  leaving  the  others  con- 
nected as  they  are  at  present.     How- 
ever,   this    will    give    improper    elec- 
trical and  magnetic  conditions  in  the 
armature,  the  result  being  a  compro- 
mise between  single-phase  and  a  bal- 
anced polyphase  system.  j.  l.  y. 
951 — Governor   Trouble — We    have 
a  100  k.v.a.,  240  volt  alternator  di- 
rect connected  to  a  high  speed  en- 
gine to  which  is  belted  an  exciter. 
The    governor    on    this    engine    is 
very  sensitive,   any   sudden  change 
in  load  causing  the  engine  to  race 
and  hunt  about  five  percent  above 
and  below  normal  speed.     We  use 
a   Tirrill    regulator,   but    when   the 
engine   starts    to   race   the    voltage 
varies  about  10  volts  above  and  be- 
low   normal.      The    exciter    has    a 
capacity  of  10  kw  and  is  a  shunt 
wound  commutating  pole  machine, 
(a)  Do  you  think  there  is  any  way 
to   remedy   this   trouble   outside   of 
the  engine  governor?     (b)  Do  you 
think  the  use  of  a  current  trans- 
former    in     the     generator     leads 
would   help,   it   being   connected   to 
the   compensating    winding    of    the 
regulator?                 f.  w.  l.  (wash.  ) 
(a)    No.     The  engine  governor  is 
apparently  wholly  at  fault.    The  sen- 
sitiveness   of    the     engine    governor 
should  be  retarded  very  materially  by 
its  dash  pot  or  other  means,  as  with 
the  engine  governor  as   sensitive   as 
indicated,  neither  the  engine  nor  the 
Tirrill  regulator  is  allowed  to  do  its 
work   properly.      The    engine    should 
be  adjusted  so  that  there  will  be  no 
tendency  to  hunt  under  any  condit'on 
of  load.     The  dash  pot  of  the  Tirrill 
regulator  should  then  be  adjusted  to 
a  point  just   free  enough   to  prevent 
any    hunting.       This     will    give     the 
proper  and  best  operating  conditions, 
(b)    No.    The  addition  of  a  current 
transformer  would  not  improve  mat- 
ters unless  there  is  a  line  loss  from 
the  switchboard  to  the  center  of  dis- 
tribution.    In  this  case,  the  regulator 
could   be   adjusted  to   overcome   this 
loss  only,  but  the  system  being  only 
240    volts,    it    seems    rather    evident 
that    the    switchboard    was,    in    this 
case,  the  center  of  distribution.  Com- 
pensation  for  line  drop  is  not  neces- 
sary,  and  as  above  stated,  it  would 
not  improve  matters   as  regards   the 
hunting  of  the  engine  or  the  voltage 
being  regulated.                            a.  a.  t. 
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PERSONALS 

Mr.  Jdlin  I'".  Wall  art'.  prrsidciU  of 
Westingliousc  Church  Kerr  &  Company, 
has  been  selected  as  tlie  expert  adviser 
of  the  committee  on  railway  terminals 
of  the  City  Coimcil  of  Chicago. 


Mr.  k.  H.  Hender«on.  work>  manager 
of  the  Westingliouse  Lamp  Company, 
has  resigned.  Plis  successor  is  Mr.  H. 
S.  Black,  formerly  manager  of  the  St. 
Louis  Mazda  Lamp  Works  of  the  Gen- 
eral Electric  Company. 


Mr.  Harold  W.  Smitli  has  recently 
l)een  appointed  electrical  engineer  to  the 
department  of  home  affairs,  Common- 
wealth Government  of  .Australia,  with 
headquarters  at  Melbourne,  where  he 
has  charge  of  electrical  work  in  coast 
defenses,  dockyards,  quarantine  sta- 
tions, etc.,  and  also  all  electric  work 
in  the  federal  territory.  An  area  of  900 
square  miles  has  been  reserved  by  the 
commonwealth  on  a  plan  similar  to  thj 
District  of  Colum])ia,  and  the  federal 
capital,  Canberra,  is  being  built. 


Mr.  W.  H.  Williams,  formerly  in  the 
I'ittsi)urgh  office  of  the  Electric  Con- 
troller &  Mfg.  Company,  has  been  trans- 
ferred to  the  Chicago  Office  with  the 
same  company  to  assume  the  duties  of 
district  manager  in  Chicago  territory. 


Mr.  (i.  E.  Emmons,  general  manager 
of  the  Schenectady  Works  of  the  Gen- 
eral Electric  Company,  has  been  placed 
in  general  executive  charge  of  all  man- 
ufacturing oi)erations  of  the  Cf)mpany. 
Mr.  Emmons  has  been  in  the  employ  of 
this  Company  for  28  years. 


America  c  IttdustrMs  .lincricauas. 
Xcw  York,  for  July,  contains  a  reprint 
of  the  article  by  Mr.  \l.  K.  Hardcastle, 
entitled  "The  Modern  Mine  Locomotive" 
t'r.im  the  [olrnai.  for  March. 


/iidustrial  linginecrhui  for  July  re- 
prints the  article  by  Mr.  D.  C.  Pultney, 
entitled  "Safeguarding  Motor-Driven 
.\pp:iratus"  from  the  Joirxai.  for  June. 


WANTED. 

Generating  and  sub-station  opera- 
tor for  position  in  middle  West.  Give 
full  details  of  training  and  experience, 
also  salary  expected.  Address  No.  558, 
care  The  Electric  Journal. 
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NEW  BOOKS 

"Railroad  Operating  Co.sts."  1^4  pages, 
64  illustrations.  Published  by  Suf- 
fcrn  &  Son,  New  York  City,  i'rice. 
$2.00. 

Too  frequently  operating  costs  arc 
viewed  in  the  abstract  with  the  result 
that  they  prove  of  very  little  instructive 
value.  As  pointed  out  in  Chai)ter  I  of 
this  interesting  volume,  the  important 
information  to  be  had  from  the  vast 
amount  of  data  and  reports  filed  an- 
nually with  the  Interstate  Commerce 
Commission,  is  virtually  lost,  as  it  is  not 
prepared  in  a  way  that  establishes  con- 
crete and  useful  comparisons.  The  pub- 
lishers have  taken  this  great  store  of  in- 
formation as  a  basis  for  determining 
the  characteristic  elements  of  operation 
of  over  fifty  of  the  prominent  steam 
railroads,  and  have  collected  the  vari- 
ous ratios  and  percentages  which  play 
an  important  part  in  the  final  results. 
As  common  references  were  desirable, 
units  of  comparison,  such  as  the  capi- 
talization per  mile  of  road  operated, 
and  gross  earnings  similarly;  popula- 
tion per  mile  of  road,  density  freight 
and  passenger  traffic  per  mile  of  road; 
operating  ratios  and  the  relative  per- 
centages of  conducting  transportation, 
maintenance  of  way,  maintenance  of 
equipment  and  general  expenses,  etc.. 
have  been  effectively  compiled.  The  ef- 
fect of  topography  of  the  region  tra- 
versed has  been  examined,  in  so  far  as 
circumstances  allow,  and  deductions 
thereon  presented.  Other  pertinent  con- 
ditions are  analyzed  and  parallelisms 
are  shown,  as  likewise  disparities. 
where  they  may  occur.  An  excellent 
l)urpos.^  has  been  served  by  this  book 
in  making  a  critical  digest  of  the  es- 
sential operating  data.  It  has  already 
been  subjected  to  a  call  for  a  second 
edition,  in  which  has  been  added  a  val- 
uable chapter  on   fuel.  k.d.u. 


"F'ourth  .Annual  Report  of  the  Board  of 
Supervising  Engineers.  Chicago  Trac- 
t'on."      5J3    pages,    illustrated.      Pu'i 
lished  by  the  Board. 
The  fourth  report  covering  llu-  ii-i.i. 
year   ended    January    31.    n)ii,    has    re- 
cently   been    put    out    in    Iv^uikI     '  'f^^'" 
.\long  with  a  great  mass  of  dit;iii.  ".ii  ■> 
book    gives    much    very    valuable    data, 
especially    with    reference    to    electrical 
transmission     and     distribution,     power 
l>lant    and    sub-station    (<: 
and    tiieir    operation,    an: 
viaducts.     There  is.  in  addition,  a  great 
fJcal    of    statistical    information    which 
>hould   be   of  interest   to   operators   of 
electric  railway  and  power  companies. 
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ILLUMINATING  ENGINEERING  SOCIETY 
CONVENTION 

Jt  luis  iiccii  definitely  decided  to  make 
the  Hotel  Sciienley  the  headquarters  of 
the  Illuminating  Engineering  Society 
Convention  which  will  be  held  in  Pitts- 
burgh, September  22  to  26.  This  is  a 
peculiarly  fitting  selection  as  the  Hotel 
is  in  a  popular  residence  section  which 
is  rapidly  becoming  a  civic  center.  It  is 
in  easy  walking  distance  of  the  Carnegie 
Museum  and  Library,  Carnegie  Tech- 
nical Schools,  University  of  Pittsburgh, 
several  prominent  clubs,  and  the  Sol- 
diers' Memorial  Hall.  The  last  men- 
tioned building  will  prove  of  particular 
interest  to  illuminating  engineers  be- 
cause of  the  wonderful  lighting  effects 
used  therein,  which  are  said  to  be  un- 
equaled  anywhere  in  the  United  States. 
The  program  as  outlined  at  the  present 
time  covers  an  exceedingly  interesting 
set  of  papers  on  the  various  subjects 
pertaining  to  illumination. 

In  addition  to  the  technical  sessions  of 
the  society,  the  local  committee  has  ar- 
ranged for  a  series  of  entertainment 
features  in  which  the  ladies  are  included. 
These  features  cover  golf,  tennis,  base- 
ball game,  automobile  rides,  theatre  and 
card  parties,  and  conclude  with  a  ban- 
quet at  the  Hotel  Schenley  at  whicn 
some  innovations  are  promised. 

Inspection  trips  have  been  arranged  to 
several  industrial  plants,  including  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, Macbeth-Evans  Glass  Company, 
and  the  Carnegie  Steel  Company ;  also 
a  luncheon  at  the  H.  J.  Heinz  Company 
for  the  ladies. 

The  papers  as  scheduled  at  this  time 
include,  among  a  number  of  other  sub- 
jects, the  Quartz  Light,  Fontune,  and 
Neon  Tube;  Church,  Factory,  Store, 
Hospital  and  Street  Car  Lighting,  the 
Present  Commercial  Development  in 
several  forms  of  Lighting,  Errors  in 
Photometric  Measurement,  and  the  His- 
tory of  Artificial  Lighting.  In  addition 
to  these,  a  number  of  others  on  equally 
interesting  subjects  will  be  presented  by 
authors  well  known  to  the  engineering 
profession  in  illuminating  as  well  as 
other  fields.  The  development  of  the 
new  flame  carbon  arc  lamp  will  also  be 
discussed  by  representatives  of  the  man- 
ufacturing concerns.  An  interesting 
feature  in  connection  with  the  technical 
session  will  be  the  holding  of  symposi- 
ums on  the  various  general  subjects,  to 
be  led  by  those  particularly  well  posted 
on  the  different  subjects.  These  meet- 
ings will  afford  an  opportunity  for  free 
and  open  discussion  that  it  probably 
would  not  be  possible  to  obtain  in  a 
more    formal    meeting. 


A  transportation  ennnnitlee  has  been 
appointed  consisting  in  part  of  the  sec- 
retary of  the  local  section  in  each  city 
which  will  perfect  arrangements  for  the 
members  and  friends  in  obtaining  trans- 
portation to  and  from  Pittsburgh. 

The'  time  selected  for  the  convention 
is  a  particular  fitting  one  inasmuch  as 
at  that  time  the  City  of  Pittsburgh  will 
be  celebrating  the  125th  anniversary  of 
Allegheny  county  and  will  be  decorated 
accordingly.  This  means  that  the  visit- 
ors will  be  able  to  see  Pittsburgh  in  its 
holiday  attire  and  witness  many  special 
illuminating  features. 

The  papers  committee,  although  not 
prepared  to  announce  the  entire  pro- 
gram, advises  that  the  following  papers 
have  been  secured:  "The  Use  of  the 
Photo-Electric  Cell  in  Photometry,"  by 
Prof.  T.  R.  Richtmeyer,  of  the  depart- 
ment of  physics,  Cornell  University; 
"Characteristics  of  Enclosing  Glass- 
ware," by  Mr.  V.  R.  Lansingh ;  "The 
Quartz  Mercury  Vapor  Lamp  and  Its 
Applications,"  by  Mr.  W.  A.  D.  Evans,  of 
tlie  Cooper-Hewitt  Electric  Company ; 
"The  Fontune  Lamp  as  a  Working  Stand- 
ard," by  Messrs.  E.  G.  Crittenden  and  A. 
H.  Taylor,  of  the  Bureau  of  Standards, 
Washington,  D.  C. ;  "The  Neon  Tube 
Lamp,"  by  M.  Georges  Claude,  of  Bou- 
logne, France.  In  addition  to  these,  Mr. 
Roscoe  Scott,  of  the  Nelite  Works  of 
the  General  Electric  Company,  Cleve- 
land, Ohio,  will  deliver  a  lecture  on  the 
Evolution  of  Illuminants.  Coming,  as  it 
does,  at  a  time  when  lighting  standards 
are  being  changed  so  rapidly  with  a 
greatly  increasing  use  of  artificial  illu- 
mination, this  discourse  should  prove  of 
particular  interest  in  describ'ng  the 
progress  of  the  art.  The  Philadelphia 
section  intends  to  present  to  the  presid- 
ing ofiicer  of  the  convention  an  historic 
gavel.  Mr.  Robert  Ely  is  chairman  of 
the  savel  committee. 


NEW  BOOKS 

"Resuscitation"— Dr.    Chas.    A.   Lauffer. 

4x6^2   in.,  47  pages,  five  illustrations. 

Published    by    John    Wiley    &    Sons. 

For   sale  by  The  Electric  Journal. 

Price,  50  cents. 

This  book  includes  a  reprint  of  a  pa- 
per on  this  subject  delivered  by  the  au- 
thor before  the  Philadelphia  Section  of 
the  National  Electric  L\ght  Association. 
The  author,  after  explaining  a  number 
of  successful  results  which  have  been 
obtained  from  employing  resuscitation 
methods  on  men  who  were  supposedly 
dead,  gives  a  clear  description  of  the 
mechanism  of  respiration,  illustrating 
same  bv  a  number  of  views  of  tlie  vari- 
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The  annual  convention  of  the  Illuminating  Engi- 
Progress  in  neering  Society  to  be  held  in  Pittsburgh  Septem- 
lllumination  ber  22nd  to  26th  presents  an  opportunity  to  re- 
view the  recent  developments  in  the  field  of  illum- 
ination. A  few  years  ago  very  little  or  no  attention  was  given 
to  this  subject.  Xow  with  the  introduction  of  new  lamps  and 
the  use  of  proper  reflectors,  bowls,  globes,  etc.,  the  cost  of  illumi- 
nation has  not  only  been  decreased  but  a  much  better  quality  of 
illumination  is  produced.  People  in  general  are  beginning  to 
realize  the  importance — in  fact,  the  necessity— of  good  lighting. 
Unshaded  lamps  are  now  rarely  seen  in  this  country,  al- 
though abroad  the  use  of  the  bare  lamps  is  still  very  common. 
Not  only  is  the  bare  lamp  annoying  but  actually  injurious.  Em- 
ployers in  general,  and  managers  of  manufacturing  establishments 
especially,  are  realizing  that  better  results  can  be  obtained  from 
their  workmen  under  proper  lighting  conditions,  and  that  the  em- 
ployee, with  the  same  elTort,  can  produce  a  greater  output  with 
less  loss  in  the  way  of  defective  material,  i.  e.,  with  fewer  second.s. 
In  the  home  great  improvements  have  been  made,  and  the  use  of 
bare  lamps,  producing  eye-strain,  is  decreasing  rapidly.  The  use 
of  lamps  shielded  by  bowls,  the  semi-indirect  form  of  illumination 
in  which  a  part  of  the  light  is  reflected  to  the  ceiling  and  part  !>« 
transmitted,  is  without  question  the  most  artistic  form  as  well  as 
the  most  satisfacory  method  of  illumination  for  both  home  and 
office  use. 

Remarkable  pnjgress  has  been  made  in  street  lighting,  im- 
proving greatly  the  appearance  of  our  cities.  The  ornamental 
post  lighting,  which  has  been  most  popular  in  the  business  sec- 
tions of  cities,  is  also  being  used  largely  in  the  residential  sec- 
tions and  in  park  lighting.  A  number  of  interesting  examples  of 
this  type  of  lighting  are  given  in  the  article  on  "The  Lighting  of 
Residence  Streets,"  by  Mr.  Alan  Bright,  in  this  issue  of  the 
Journal.     Our  cities  now  boast  of  their  Jmproved  lighting  sys- 
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terns — many  of  them   a(l\ertise  this   feature  as  one  of  the  attrac- 
tions of  their  cit_\-. 

While  much  credit  must  l^e  given  to  the  manufacturers  of 
lamps  and  also  to  glassware  manufacturers  for  the  development 
of  better  illumination,  most  credit  should  be  given  to  the  Illumi- 
nating Engineering  Society  which  has  carried  on  this  campaign  of 
education  and  caused  the  general  public  to  realize  the  importance 
of  this  subject.  Howard  S.  Evans 


It  is  a  wise  old  saw  that  directs  us  to  "know  some- 
Keeping        thing  about  everything  and  everything  about  some- 
Abreast        thing."     To    the    electrical    engineer    whose    daily 
of  the  work  has  to  do  with   apparatus   for  power,  light- 

Times  ing,   railways,   etc.,   the   realm   of  telegraphy,   tele- 

phony and  radio-telegraphy  is,  for  the  most  part, 
an  unknown  land.  The  articles  entitled  "Present  Practice  in 
Radio-Telegraphy,"  by  Mr.  S.  M.  Kintner,  and  "The  Joint  Use 
of  Wires  for  Telephone  and  Telegraph  Service"  by  Mr.  H.  S. 
Warren,  in  this  issue  of  the  Journal,  present  instances  of  the 
wide  range  of  that  "everything"  about  which  every  electrical  engi- 
neer should  Ijnow  something,  and  it  also  shows  a  little  of  the  in- 
tracacies  of  that  "something"  concerning  which  we  look  to  the 
specialist  to  know  everything  that  is  known. 

Time  was  when  a  single  mind  could  comprehend  the  entire 
extent  of  human  knowledge,  but  that  period  is  long  past.  Similarly 
electrical  engineering  in  itself  is  but  a  small  division  of  human 
knowledge,  and  yet  no  electrical  engineer  can  hope  to  cover  the 
entire  field.  For  instance,  the  electrical  engineer,  whose  specialty 
is  the  designing  of  alternating-current  generators,  has  a  view 
point  of  the  problems  of  generator  design  very  different  from 
that  of  the  operating  engineer  whose  duty  it  is  to  run  them ;  the 
designer  of  a  power  transmission  system  has  likewise  little  in 
common  with  the  telephone  engineer  and  his  problems  of  trans- 
mission. 

Mr.  Warren's  article  will  serve  to  open  the  eyes  of  the  power 
engineer  to  some  of  the  remarkable  advances  which  are  being 
made  in  one  of  the  allied  electrical  fields.  The  degree  of  pre- 
cision which  is  necessary  in  the  manufacture  of  the  repeating  coils 
of  the  phantom  telephone  circuit,  in  order  that  the  delicate  high 
frequency  alternations  of  current — up  to  2  000  periods  per  second 
— produced  by  the  vibrations  of  the  human  voice  may  l:^e  exactly 
balanced,  is  as  worthy    of    admiration    as    the    construction    of    a 
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transformer  for  u  half  luilliun  \olts;  while  the  origination  of  a 
scheme  for  transmitting  eleven  independent  messages  simultane- 
ously o\cr  two  telephone  circuits  is  of  the  same  order  of  merit 
as  the  increasing  of  the  capacity  of  power  transmission  lines  by 
the     introduction  of  synchronous  condensers. 

In  comparing  apparatus  which  is  used  in  radio-telegraphy 
with  that  for  railways,  power  distribution,  etc.,  we  fmd  diti'er- 
ences  so  marked  that  it  is  hard  to  realize  that  the  same  agent — 
electricity — is  the  actuating  principle  behind  both  of  them.  The 
differences  and  not  the  similarities  are  what  strike  the  [xnver  en- 
gineer when  he  compares  the  apparatus  used  in  radicj-telegraph}' 
with  that  used  in  other  branches  of  the  art.  For  instance,  when 
the  power  engineer  designs  a  transformer,  one  of  his  objects  is 
to  make  the  design  such  that,  as  nearly  as  possible,  all  of  the 
magnetic  flux  which  encloses  the  i)rimary  winding  will  also  en- 
close the  secondary,  and  that  the  leakage  flux,  which  encloses  one 
element  without  also  enclosing  the  other,  shall  be  reduced  to  a 
mininnun.  On  the  other  hand,  the  radio-telegraph  designer 
makes  his  transformer  so  that  this  leakage  flu.x  enclosing  one  ele- 
ment without  enclosing  the  other  is  very  large  compared  to  that 
which  interlinks  both  elements,  and  the  result  is  a  piece  of  ap- 
paratus to  which  the  ])o\\er  engineer  is  almost  prepared  to  deny 
the   right  to  the  use  of  the  name  "transformer." 

A  statement  in  .Mr.  Kintner's  article  which  is  somewhat  start- 
ling is  that  the  aerials  for  radio-telegrapiiy  take  currents  as  high 
as  150  amperes  or  thereabouts.  It  is  quite  easy  to  understan<l 
how  the  charging  current  of  a  transmission  line  several  hundred 
miles  long  can  reach  a  value  as  high  as  this,  but  if  the  transmis- 
sion line  is  reduced  in  extent  so  that  its  capacity  is  equal  only 
to  that  of  a  wireless  aerial,  it  is  diflicult  ti>  understand  how  it  is 
possible  to  get  so  large  a  current  into  it.  The  result  is  obtained, 
of  cour.se,  by  increasing  the  frequencies  to  a  point  vastly  higher 
than  anything  used  in  i)Ower  transmission  work.  It  is  this  state- 
ment of  the  large  current  absorbed  by  an  aerial  which  gives  one 
a  conception  of  the  tremendously  high  frequencies  that  arc  ac- 
tually used. 

It  is  well  for  the  electrical  engineer  occasionally  lu  iuiiia\\a\ 
from  his  own  particular  specialty  and  to  learn  a  little  alvout  the 
methods  used  in  connection  with  some  of  the  newer  developments 
in  other  l)ranches  of  the  profession.  W   M.   Lincoln 


THE  LIGHTING  OF  RESIDENCE  STREETS 

ALAN  BRIGHT 

A  NUMBER  of  discussions  have  been  published  touching 
upon  recent  developments  in  "white  way"  lighting  and 
the  many  benefits  resulting  from  ornamental  lighting  in 
business  sections.  That  a  good  street  lighting  system  is  an  excel- 
lent investment  not  only  for  the  merchants  and  property  owners 
benefiting  directly,  but  for  the  entire  community  is  an  opinion  that 
is  almost  universal.  The  rapid  introduction  of  ornamental  lighting 
in  business  districts  has  been  accompanied  by  a  quite  noticeable 
increase  in  property  values  until  there  is  scarcely  a  city  or  town 
that  does  not  have  or  is  not  considering  an  installation. 

The  question  is  often  asked,  "If  ornamental  lighting  in  busi- 
ness sections  reflects  credit  upon  a  city,  why  is  it  that  ornamental 


FIG.     I — INEXPENSIVE    METHOD    OF    SUPPORTING    LAMPS    AS    USED    IN 

ALAMEDAj   CALIF. 

lighting  is  not  introduced  in  residence  districts?"  The  principal 
reason  why  residence  streets  have  not  been  lighted  with  ornamental 
units  is  that  the  expense  connected  with  the  improvement  would 
not  warrant  the  installation.  In  business  sections  the  advertising 
value  of  ornamental  lighting,  in  most  cases,  justifies  large  appro- 
priations. However,  improved  methods  in  manufacture  and  simpler 
designs  have  made  it  possible  to  adopt  decorative  lighting  in  outly- 
ing districts.  In  many  places  real  estate  dealers  have  realized  the 
commercial  value  of  ornamental  lighting  in  residence  districts  and 
with   a  moderate   expenditure   have  rendered   their   tracts   salable. 
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The  lighting  equipment  that  has  been  common  in  residence 
districts  consists  of  enclosed  carbon  arc  lamps  suspended  above  the 
center  of  the  street,  usually  at  street  intersections.  With  this  ar- 
rangement the  lamps  are  effective  during  the  winter  months,  but 

on  most  streets  the  foliage  prevents  the 
light  from  reaching  the  sidewalks  and 
a  portion  of  the  street  itself  during  the 
summer.  The  presence  of  trees  that 
arch  over  the  street  has  made  it  neces- 
sary, in  many  cases,  to  lower  the  mount- 
ing height  of  the  arc  lamps.  When 
this  is  done,  it  is  difficult  for  automobile 
drivers  to  distinguish  objects  beyond 
the  region  of  brightness  immediately 
beneath  the  arc  and  accidents  are  liable 
to  result. 

It  would  be  absurd  to  expect  resi- 
dence   streets  'to    be    lighted    with    the 


FIG.     2 — DETAILS     OF     LAMP 
POST,    ALAMEDA,    CALIF. 

same  equipment  and 
with  the  same  light 
intensities  that  arc 
common  in  business 
sections.  Lighting  on 
residence  streets  has 
no  "trade  drawing" 
function,  but  serves 
rather  to  make  the 
roadway  safe  for  ped- 
estrians and  for  traf- 
fic. However,  t  h  c 
fact    that    lower   light     '■""^-  ^--ora.st.k  grove  ave.sue.  PASADtNA.  calif. 

intensities  suffice  in  residence  districts  is  no  reason  why  modern 
equipment  and  modern  construction  should  not  prevail  in  such 
places.  It  is  not  at  all  unusual  to  see  streets  that  are  well 
paved  and  have  up-to-date  sidewalks  and  curbing,  but  are  marred 
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by  heavily  scarred  wooden  poles  and  a  network  of  wires.  Where 
these  poles  and  overhead  construction  have  been  replaced  by 
modern  equipment  the  resulting  benefits  seem  to  warrant  the  ex- 
penditure. 

THE   ALAMEDA    SYSTEM 

The  system  in  Alameda,  California,  is  an  excellent  example  of 
what  may  be  accomplished  by  an  enterprising  city  administration. 
The  abundant  foliage  on  the  Alameda  streets  made  the  light  from 
the  old  arc  lighting  units  very  inefifectivc.  To  offset  this  disadvantage 
a  post  of  the  type  shown  in  Figs,  i  and  2,  of  the  city's  own  design, 
was  selected.     The  post  consists  of  3J/4  and  3  inch  iron  pipe  with 


FIG.   4 — NIGHT    VIEW,    TORONTO,   ONTARIO, 

Showing  bracket  lighting  on  Charles  street. 

a  concrete  base  and  cast  iron  top.  The  total  height  to  the  top  of 
the  globe  is  9  feet  7^  inches.  The  staggered  arrangement  of  posts 
is  used,  there  being  150  feet  between  posts  on  one  side  of  the  street. 
Each  post  supports  a  60  watt  tungsten  filament  lamp  enclosed 
in  a  12-inch  Alba  ball  globe.  All  exposed  metal  and  cement  sur- 
faces are  painted  green.  About  4000  of  these  single  light  stand- 
ards have  been  installed  in  the  city,  covering  every  street,  includmg 
all  of  the  residence  sections.  The  cost  of  installation  is  about  2] 
cents  per  foot  front  and  is  assessed  against  the  property  owners. 
The  posts  cost  $11.50  each  installed  and,  while  not  particularly 
ornamental,  have  stability,  resulting  in  long  life  for  the  tungsten 
lamps,  and  are  something  that  most  communities  can  afford.  h\\ 
of  the  arc  lamps  in  the  city  have  been  removed  and  the  street  light- 
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ing  consists  cnlircly  of  tung^lcn  lamps.  'I'lie  lung>lcii  Uunps  arc 
operated  in  parallel  on  no  vmIi  lines  supplied  from  transformer.! 
connected  to  2  300  volt  street  lighting  circuits.  The  city  owns  anvl 
operates  the  electric  light  i)lant.  The  maintenance  of  the  street 
lighting  system  is  taken  care  of  hy  the  light  plant  and  the  electric 
current  required  is  charged  for  hy  the  city  of  Alameda  at  the  rate 
of  2|4  cents  per  kilowatt-hour.  Some  of  the  lights  have  been  in 
operation  for  more  than  a  year,  and  the  system  is  highly  satisfac- 
tory, due  to  its  superior  distribution  of  light  over  the  arc  lighting 

system  and  on  account  of  the  low 

cost   of  installing. 

ORANGE   GROVE    .WENUE,    PASADEX.\ 

In  contrast  with  the  .\lamc<la 
installation  is  the  installation  on 
(  )range  (irove  .\\enuc.  Pa.sadena. 
California,  illustrated  in  Fig.  3. 
A  distance  of  8  ooo  feet  is  lighted 
with  single  light  posts  made  of 
solid  bronze  costing  $<)0  each. 
'i'lie  height  to  the  top  of  the  globe 
is  10  feet  2  inches.  The  standards 
arc  set  one  foot  inside  the  curb, 
and  rest  on  a  base  of  c(3ncrctc  two 
feet  square  and  20  inches  deep. 
There  are  170  posts,  each  support- 
ing a  icx)  watt  lamp  enclosed  in 
an  iS-inch  Alba  diffusing  ball 
globe.  The  total  installation  cost 
•is  $30000.  This  cost  averages 
abont  $17^)  per  post,  which  is  far  above  what  most  places  can 
allord.  This  cost  docs  not  include  the  cost  of  conduit,  which 
amounted  to  about  Ti^2  cents  per  foot.  This  installation  is  men- 
tioned to  show  the  expense  that  is  .sometimes  put  into  instal- 
lations privately  by  groups  of  residents. 

TORONTO,   ONTARIO 

The  most  satisfactory  method  of  installing  ornamental  light- 
ing is  to  place  all  wires  underground.  However,  in  Toronto  the 
post  dc'^ign  and  the  method  of  susj^ending  the  wires  has  been  so 
improved  that  the  system  of  lighting  in  the  re«;idence  section  of  that 


FIG.    5 — CAST    IRON    BRACKET    USED 
IN'    TORONTO 
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city  is  looked  upon  as  being  cjuite  ornamental.  A  concrete  pole  has 
been  designed  and  manufactured  by  the  municipality  at  a  very  low 
cost.  There  are  no  cross-arms  of  the  ordinary  type,  the  wires  being 
suspended  vertically.  The  street  lighting  wires  are  on  the  street 
side  of  the  pole,  and  the  residence  lines  are  on  the  opposite  side. 
The  overhead  and  upper  part  of  the  concrete  poles  are  almost  com- 
pletely hidden  on  the  streets  where  trees  are  abundant.  A  view  of 
this  installation,  taken  on  Charles  street,  is  shown  in  Fig.  4.  The 
lamp  bracket  itself,  shown  in  Fig.  5,  is  of  cast  iron  and  weighs 
approximately  26  pounds.  They  are  mounted  vertically  on  the 
street  side  of  the  pole,  nine  feet  two  inches  above  the  sidewalk  and 
are  placed  90  feet  apart  on  both  sides  of  the  streets.     Each  bracket 


FIG.   0 — SEVENTEENTH    STREET,    NEAR   PENNSYLVANIA   AVENUE.    V^ASHINGTON,   D.    C. 

contains  a  100  watt  lamp  enclosed  in  an  eight-inch  cylinder  ^f 
dififusing  glass.  The  system  was  installed  and  is  maintained  by  the 
municipality. 

An  installation  similar  in  appearance,  but  much  less  costly,  is 
illustrated  in  Fig.  6.  The  view  shows  Seventeenth  street,  Washing- 
ton, D.  C,  between  Pennsylvania  avenue  and  B  street.  The  posts 
are  made  of  cast  iron  and  are  12  feet  high.  Tungsten  lamps  of 
100.  candle-power  are  enclosed  in  16-inch  diffusing  ball  globes. 
This  system  of  lighting  has  been  adopted  throughout  the  city. 

Ornamental  lighting,  whether  applying  to  residence  streets  or 
business  thoroughfares,  is  worthy  of  consideration  in  all  cities.  It 
reflects  credit  upon  the  city  and  pleases  residents  and  visitors  alike. 


PRESENT  PRACTICE  IN  RADIO-TELEGRAPHY 

S.  M.  KINTNER 

General  Manager 

National   Electric  Signaling  Company 

TU  thosr  who  ha\c  not  been  in  close  tonch  with  its  dcvcl- 
opnK-nl,  radio-  (wireless)  telegraphy  has  had  a  check- 
ered career.  Jn  its  early  days,  and  in  fact  up  to  within 
a  Aery  recent  time,  it  was  used  as  a  means  of  "gold  bricking" 
and  the  success  with  which  this  was  done  can  be  judged  by 
the  testimony  that  can  be  secured  from  thousands  of  small  in- 
vestors, scattered  throughout  this  entire  country,  who  were 
tempted  to  part  with  their  savings  by  the  alluring  advertise- 
ments. Radio-telegraphy  as  an  art.  was  not  to  blame  for  this, 
although  it  has  suffered  very  much  from  the  effects,  and  these 
ill  effects  have  greatly  hindered  its  development.  It  has  reach- 
ed a  place  today,  however,  where  its  worth  has  been  definitely 
proven  and  the  installations  are  being  made  now,  in  most  part 
at  least,  only  after  careful  consideration,  both  frt)m  the  engineer- 
ing and  financial  points  of  view. 

This  article  was  written  with  the  intention  of  placing  be- 
fore the  readers  of  this  journal,  a  brief  statement  of  radio-telegra- 
phy as  it  is  practiced  at  the  i)resent  time.  It  is  anticipated  that  most 
of  the  readers  are  not  especially  familiar  with  this  phase  of  the 
general  subject  of  electrical  engineering  and  conse(|uently  it  be- 
comes  necessary  to  start  with  the   fundamentals. 

Radio-telegraphy  differs  from  ordinary  or  line  telegrai)hy, 
principally  in  that  its  signals  are  sent  out  or  ratiiated  broail- 
cast,  by  means  of  electromagnetic  wa\es;  whereas,  line  teleg- 
raphy has  its  effects  guided  by  wires.  The  methods  employed 
by  the  operator  in  manipulating  his  sending  key  are  the  same 
in  both  instances;  so  also,  in  a  more  general  sense,  do  the  re- 
ceiving operators  receive  their  messages  in  the  same  way  in 
the  two  .systems,  i.e..  by  listening  to  the  production  of  sounds 
of  short  or  long  duration  and  with  different  lime  spacing  be- 
tween them,  according  to  the  Morse  code.  With  the  idea  then, 
that  the  general  practice  of  the  two  systems  is  the  same,  we 
can  turn  our  attention  to  the  points  of  difference. 
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The  energy  involved  in  sending  out  the  signals  in  radio-telegra- 
phy is  put  into  the  form  of  electro-magnetic  waves  which  are 
radiated  intermittently  in  conformity  with  the  wish  of  the  oper- 
ator as  he  manipulates  the  key  according  to  the  Morse  code. 
An  electro-magnetic  wave  is  a  strain  or  "splash"  in  the  ether 
which  travels  ouc  in  all  directions  from  its  source.  It  is  simi- 
lar to  a  light  wave  which  travels  out  from  a  source  of  light 
going  in  all  directions.  A  free  electro-magnetic  or  Hertz  wave 
is,  in  fact,  so  far  as  our  knowledge  goes,  exactly  the  same 
thing  as  a  light  wave,  excepting  as  to  size.  The  Hertz  wave 
is  very  much  longer  than  the  light  wave.  The  light  wave  for 
yellow  light  is  approximately  1/50  000  of  an  inch  long,  where- 
as, the  ordinary  electro-magnetic  waves  used  in  radio-telegra- 
phy are  api)roximately  600  meters  long.  There  is  another  difference 
between  the  light  wave  and  the  type  of  electro-magnetic  wave  used 
in  radio-telegraphy,  and  that  is,  whereas,  the  light  wave  is  free  and 
radiates  out  in  straight  lines,  the  electro-magnetic  wave  is,  accordinsf 
to  our  best  theories,  a  bound  wave.  It  is  supi^osed  to  slide  over 
the  surface  of  the  earth  in  a  manner  somewhat  similar  to  a 
water  wave  sliding  over  the  surface  of  the  water.  This  sliding 
theory  answers  best  all  the  known  phenomena  and  particularly 
the  rate  of  diminution  of  strength  of  the  effects  with  increase 
in  distance  and  the  fact  that  the  earth's  curvature  has  practi- 
cally no  effect. 

An  electro-magnetic  wave  is  ibelieved  to  be  a  strain  or 
quiver  in  the  ether  which  travels  out  from  the  source  of  origin 
at  the  enormous  speed  of  300  000  kilometers  per  second.  This 
strain  in  the  ether  is  produced  in  radio-telegraphy  by  an  alter- 
nating current  passing  up  and  down  a  vertical  wire,  which  is 
connected  to  earth  at  one  end  and  which  has  an  area  made  of 
a  net  work  of  wires  at  the  top.  The  higher  the  frecpiency  of 
this  alternating  current  the  more  effectively  will  it  radiate  its 
energy  by  the  development  of  electro-magnetic  waves.  Thus, 
in  practice  only  comparatively  high  frecjuencies  are  employed. 
The  lowest  frequency  in  regular  commercial  use  at  present  is 
approximately  45  000  cycles  per  second.  This  is,  of  course,  far 
beyond  the  ordinary  frequencies  employed  in  power  transmis- 
sion and  house  lighting,  which  latter  are  so  low  as  to  be  of  no 
value  for  radiation.  The  most  common  radio-wave  frequency 
is  about  500  000  cycles  per  second  and  constitutes  the  upper 
limit  of  frequencies  reserved  by  the  United  States  Government. 
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TIr-  lower  frc(|iK'iicy  thus  rcscrxcd  is  icS-  500  cycles  ])cr  sec- 
ond. The  above  ranj^e  of  freciuencies  embraces  the  most  de- 
sirable ones  for  use  on  ships.  This  is  true  principally  owinj:^ 
to  the  con(litif)ns  goxirnin^  the  amount  of  aerial  radiating  wire 
that   can  be  carried  to  oood  advantajj;c. 

In  radio-telegraphy  it  is  common  practice  to  speak  of  wave 
lengths  instead  of  frequency  in  cycles  per  second,  the  wave 
length  being  expressed  in  meters.  The  wave  length  is  readily 
determined  by  dividing  the  speed  of  travel,  i.  e.,  300000  kilo- 
meters, by  the  fre(|uency.  'ihus.  the  Government  wave  length 
reservation  is  from  600  meters  (500000  cycles  per  second)  to 
1600  meters  (187500  cycles  ])er  second).  These  electro-mag- 
netic wa\es  have  the  property  of  collapsing  when  striking 
against  a  conductor  and  the  result  of  this  collapse  is  an  elec- 
tric current.  Thus,  it  is  practice  to  make  use  of  a  similar 
aerial  at  the  receiving  station  on  which  the  waves  may  collapse 
and  (le\-elop  electric  currents.  ( )wing  to  the  alternating  char- 
acter of  the  waves,  the  currents  produced  are  alternating,  or 
more  properly  oscillating,  as  each  succeeding  wave  of  a  group 
is  smaller  in  amplitude  than  its  predecessor  although  of  the 
same  wave  length.  A  radio-telegraphic  receiving  station  con- 
sists then,  fundamentally,  of  an  aerial  on  which  the  electro- 
magnetic waves  may  strike  and  striking  may  collapse  and  i)ro- 
duce  oscillating  currents,  and  a  current  indicating  device  and 
accessories  for  assisting  these  currents  to  etTectually  transfer 
their  energv   to   the   indicating   mechanism. 

'J'he  i)robablr  fact  that  the  rarefied  gas  of  the  earth's  at- 
mosphere is.  at  heights  of  about  50  miles,  a  good  conductor, 
and  that  conductors  act  like  mirrors  in  reflecting  electro-mag- 
netic radiations,  is  believed  to  account  for  the  limited  rate  of 
decrease  in  energy  found  in  waves  at  great  distances  from  the 
exciting  source.  The  effect  that  sunlight,  and  e\en  moon-light 
in  sonic  instances,  has  upon  the  distance  of  transmission,  1.*^ 
very  marked,  much  greater  distances  being  covered  at  night 
than  .".re  ])ossible  in  day-light.  This  eflfcct  is  verv  noticeable 
when  short  waves  are  employed  but  is  not  so  pronounced  with 
the  longer  ones.  As  a  result  of  this  davlight  absorption,  as 
it  is  generally  called,  it  is  best  to  use  long  waves  for  long  dis- 
tance sending.  I-'ortunately  this  works  out  to  advantage  as 
the  long  waves  are  produced  most  rendilv  nnd  .fficiently  on  the 
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large  aerials  or  antenna  which  are,  of  course,  most  suitable  for 
the  long  distance  signaling.  There  is  a  great  difference  in  the 
ease  of  transmission  over  dift'erent  surfaces.  Salt  water  is  the 
best,  while  transmission  over  rocky  land,  with  buildings,  etc., 
is  very  poor.  Thus  it  is  impossible  to  select  a  proper  power 
and  design  of  sending  station  without  knowledge  of  its  working 
conditions. 

The  wave  length  of  the  waves  radiated  from  any  antenna 
can  be  made  any  desired  value  by  a  change  in  the  inductance 
and  capacity,  but  there  is  a  particular  wave  length  for  each 
antenna  at  which  the  best  and  most  economical  radiation  will 
be  secured.  For  a  limited  range  on  either  side  of  this  best  con- 
dition, effective  radiation  can  be  secured  but  beyond  it  the  ef- 
fects are  poor,  such  radiation  as  is  secured  being  produced  very 
inefficiently. 

SENDING    STATIONS 

The   modern  sending  stations  are  of  two  distinct  types : — 

a — The   spark  or   damped   wave   system ; 

b — The  continuous  or  undamped  wave  system. 
Roth  of  these  will  be  described  briefly  as  they  are  of  such  im- 
portance at  this  time,  as  to  warrant  consideration  of  them  both. 
The  spark  system  is  the  older  one  of  the  two.  It  employs 
a  spark  discharge  of  energy  stored  in  condensers  as  a  means 
of  setting  up  high  frequency  currents.  These  high  frequency 
currents  are  employed  to  excite  the  antenna  and  in  this  wa}' 
produce  radiation.  It  will  be  evident  that  the  amplitude  of 
each  oscillation  of  the  currents  set  up  by  condensers  discharg- 
ing will  be  less  than  that  of  its  predecessor.  This  reduction  of 
amplitude  is  spoken  of  as  damping  and  is  caused  by  a  reduc- 
tion ol  the  energy  involved  in  the  successive  oscillations.  This 
loss  Ol  energy  is  brought  about  in  two  ways  :— 

I — In   over-coming   the   resistance   of   tlie   circuit,   thus 
producing   heat; 

2 — By  radiation  of  energy,  by  the  detached  ether 
strains  which  go  out  as  electro-magnetic  waves. 
The  antenna  resistance  then,  as  commonly  used,  is  a  term 
which  includes  both  the  ohmic  factor  and  the  radiant  factor — 
the  relative  proportions  are  generally  unknown.  The  total  ac- 
tivity of  the  antenna  is  determined  than  by  PR,  where  /  is  the 
an'enna  current  as  measured  bv  a  hot-wire  ammeter,  or  simi- 


KADlU-ri'.Ll'AiR.irilY 


821 


lar  instrunicnl,  placed  directly  in  the  antenna,  and  A'  is  the 
total  antenna  resistance.  The  antenna  resistance  is  generally- 
determined  by  some  method  of  substitution  of  atlditional  known 
resistance  and  noting  the  change  in  the  damping  of  the  waves. 

The  connections  usually  employed  in  a  spark  system  send- 
ing station  are  shown  diagramatically  in  I'ig.  i.  A  considera- 
tion of  this  diagram  will  make  it  evident  that  the  purpose  of 
the  apparatus  is  to  change  a  low  frequency  alternating  current 
to  a  liigh  frequency  current.  This  high  frequency  current,  as 
previously  mentioned,  by  charging  the  aerial,  sets  up  strains 
or  quivers  in  the  ether,  which  are  detached  and  travel  outward 
from   the  antenna  as  a  center. 
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FlC.    I — .SCHEMATIC  CONNECTIONS  OF  A   TYPICAL   SENDING   STATION 

.-/ — Is  a  .<;inRlc-piiasc  altcniatinjr  current  jj;cncratnr.  In  modern  station^^ 
a  frequency  of  500  cycles  is  most  generally  used;  /? — Is  a  sending  key.  u>ed 
l)y  the  operator  in  mak-ng  dashes  and  dots  by  closing  the  circuit  for  longer 
or  shorter  periods;  (' — fs  tlie  primary  of  an  iron  core  transformer:  D — is 
r.n  iron  core,  generally  of  the  open  magnetic  circuit  type;  /• — Is  the  secondary 
«>t  a  transformer,  giving  for  small  and  medium  sized  stati<^ns  alwut  Uixx) 
volts;  /•" — Is  a  battery  of  condensers,  in  wdvcii  the  energy  to  be  converted 
into  oscillations  of  high  fr«iucncy.  is  stored;  G — Is  a  gap  discharger  for 
leleasing  the  stored  energy  of  tlie  condensers  periodically  and  permitting  it 
to  oscillate  in  the  local  circuit  /•".  (/'.  H ;  I! — Is  the  primary  of  the  oscillation 
transforn;er,  a  Telsa  type  air  core  transformer;  / — Is  liie  secondary  of  the 
oscillation  transformer;  / — Is  the  antenna  earth  connection;  A.' — Is  the  over- 
head wire  for  r:idiating  tlie  wave  energy. 

A  good  idea  of  the  apj)earance  <if  the  elements  «»t  a  io<"» 
kilowatt  set  may  be  obtained  from  l-"ig.  2.  This  particular  set 
is  the  one  installed  at  .Arlington.  \  a.,  by  the  I'nited  States 
.\avy  Department.  Hv  comparing  ligs.  i  ami  2  it  will  be 
found  jK)ssible  to  trace  the  wiring  cc»miection>.  The  ci^mpre^sed 
air  condensers  ^^hown  arc  built  of  metal  di-^cs  assembled  in  two 
groups  insulated  from  each  other  and  in  which  the  comlenser  di- 
I'loctric  i<  air  under  a  jiressure  <  «f  al>.>ut  300  poun«|s  per  S(|uare  inch. 
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This  air  compression  increases  very  much  the  dielectric  strength  of 
the  air  and  allows  rather  close  spacing  of  the  condenser  plates. 
Owing  to  the  dielectric  losses  that  exist  when  solid  dielectrics  are 
employed  with  high  frequency  currents,  it  is  essential  to  use,  in  high 
powered  sets,  condensers  employing  air  dielectric. 

The  second  type  of  sending  station,  i.  e.,  the  type  employ- 
ing continuous  or  undamj^ed  waves,  consists  fundamentally  in 


FK,.    2 — SENDING    APrARATUS    JN    ARLINGTON    STATION 

Tlie  generator  is  shown  in  the  lower  left  hand  sid  eof  the  illustration. 
The  transformer  is  below  the  floor;  the  two  .leads  coming  up  tlirough  floor 
terminals  are  the  high  tension  wires  from  it.  The  several  tanks  with  heavy 
covers  are  compressed  air  condensers  for  storing  energy  from  the  trans- 
former and  then  suddenly  discharging  it  through  the  rotary  discharger  to 
secure  the  hig^h  frequency  oscillating  current.  The  two  tanks  at  top  (left) 
are  cooHng  tanks  from  whicli  water  is  circulated  through  the  stationary 
electrodes  of  the  gap  The  two  coils  (top  center)  are  the  primary  and  sec- 
ondary respectively  of  the  oscillation  transformer.  The  coil  (top  right)  is 
an  inductance  directly  in  the  antenna.  The  heavy  lead  from  the  inductance 
coil  goes  out  through  a  window  to  the  aerial.  The  ammeter  shown  on  the 
post  is  o.i  the  ground  end  of  the  antenna,  and  indicates  the  current  charging 
up  and  down  the  aerial  leads.  This  amounts  to  about  150  amperes  when 
sending  at  full  power. 

the  placing  of  a  generator  of  alternating  current,  of  the  fre- 
quency of  the  waves  radiated,  directly  in  the  antenna.  To  Fes- 
senden  belongs  the  credit  of  having  been  the  discoverer  of  this 
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system.  The  effect  of  this  ly])e  of  generati(jii  is  to  produce  al- 
ternating current  directly  in  the  antenna  and  hence  the  radia- 
tion of  electro-magnetic  waxes,  in  whicli  the  amijlitude  is  the 
same  for  successive  waves,  and  in  which  the  action  is  contin- 
uous as  contrasted  to  the  intermittent  action  in  the  case  of  the 
spark  system.  Jn  the  si)ark  system  a  group  of  waves  results 
from  each  spark.  In  each  of  these  groups  of  damped  waves 
there  will  be,  under  favorable  conditions,  15  or  jo  waves  sent 
out.  A  simple  calculaticm  will  show  that  even  under  very  fa- 
vorable conditions  with  a  spark  fre([uency  of  1000  per  second 
with  a  fairly  i)ersistent  radiation  having  20  waves  per  group 
and  a  wave  length  of  U)0  meters,  that  the  antenna  will  be  ac- 
tively engaged  in  radiating  only  abttut  1/20  i)art  of  the  time 
and  the  rest  of  the  time  it  is  inactive.  Now,  it  is  a  well  rec- 
ognized principle  that,  if  good  results  are  to  be  secured  from 
resonant  action,  it  is  necessary  that  the  exciting  source  be  \  ery 
persistent.  Think  l)ack  to  your  school  days  for  an  analogous 
condition  and  recall  how  xou  set  the  schiiolhouse  floor  in  vi- 
bration by  a  rajjid  movement  of  the  legs  up  and  down  pivoted 
on  the  balls  of  the  feet.  You  will  probably  remember  that 
persistent  and  exact  timing  of  the  rate  «)f  movement  were  the 
prime  essentials.  'J'hink  of  how  much  \ibration  you  could 
have  secured  if  you  had  remained  quiet  19/20  of  the  time. 
These  same  conditions  of  resonance  hold  in  the  electrical  cir- 
cuits. 

The  real  superiority  of  the  undamped  waves,  radiated  ac- 
cording to  the  secon<l  method,  lies  in  the  improved  resonance 
effects  possijjle.  These  improved  rest)nance  effects  permit  the 
use  of  receivers  that  are  more  sensitive  and  which  respond  to 
a  more  limited  range  of  wave  lengths  and  hence  are  much  less 
liable  to  interferance  from  »)ther  stations  and  from  atmospheric 
conditions,  lightning  flashes  in  the  distance,  etc.  ( )wing  to 
the  sharpness  of  tuning  possible  with  this  type  of  radiation,  it 
is  possible  to  send  the  signals  by  simply  changing  slightly  the 
wave  length  of  the  waves  radiated,  according  to  the  Mor>e 
code,  without  an  actual  interruption  of  the  .source  of  p»nver. 
Thus,  the  station  can  radiate  continuously  but  with  the  w.i\i 
lengths  changed  to  ])roduce  the  dots  and  dashes.  These  are 
received  as  sounds  when  radiating  the  proper  wa\e  and  silence 
wiien   the  other  wave  is  g(»ing.     Should   the  receiving  operati>r 
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make  a  mistake  and  tune  for  the  wrong  wave  he  would,  of 
course,  have  his  code  reversed,  getting  spaces  for  dots  and 
dashes  and  dots  and  dashes  where  spaces  were  intended.  This 
:s  not  apt  to  cause  any  particular  difificulty  with  a  good  opera- 
tor as  he  would  recognize  the  trouble  and  correct   it. 

RECEIVING  STATIONS 

The  type  of  receiving  station  has  been  determined  very 
largely  by  the  detector,  the  other  parts  of  the  station  bein.i; 
made  to  best  suit  the  particular  type  employed.  Detectors  can 
be  divided  into  two  general  classes : — 

a — ^Those  operating  as  triggers  or  relays,  wherein  the 
energy   received    from    the    sending   station    is    used 
to  trip  a  trigge'r  and  allow  a  local  supply  of  energy 
to  operate   some   indicator, 
b — Those  operating  so  as  to  give  an  indication  direct- 
ly  by   means   of   the   received   energy,   thus   getting 
proportional   responses. 
In    the    earliest   radio-telegraphic   work,    that   of    PopoiTt"    in 
Russia,  of   Lodge   in   England,  and   later,   of   Marconi   in   Italy, 
detectors  of  the  first  class  were  employed.     These  were  named 
"coherers"     by    Lodge    and    were    generally    supposed,    at    that 
time,    to  be  the  most  sensitive  electrical   device  ever  invented 
by  man.     They  were  popularly  spoken  of  as  the  "electric  eye" 
and  were  looked  upon  as  the  one  piece  of  apparatus,  of  all  em- 
ployed,  whose    perfection    had    made    "wireless"    possible.     Co- 
herers have  now  gone  out  of  use,  owing  to  the  superior  quali- 
ties of  the  other  types  of  detectors.     There  is,  in  fact,  only  one 
type   of  relay,   or   trigger     operating   detector   that    is   enjoying 
any  very  extended  use  at  this  time  and  that  is  Marconi's  mag- 
netic hysteresis  type.     It  depends  upon  a    principle,    first    an- 
nounced by  Prof.  Rutherford,  that  the  hysteresis  in  a  small  mass 
of    steel,    can    be    shaken  out  by  currents  set  up  by  Hertzian 
waves.     Marconi  has  used  this  quite  successfully,  though  it  is 
now  giving  way  to  other  forms  of  detectors    which    give    pro- 
portional  responses. 

Fessenden's  liquid  barretter  was  the  first  commercial  form 
cf  detector,  giving  proportional  response,  that  met  with  very 
general  favor.  It  was  brought  out  in  1902,  and  produced  such 
amazing    results    that    it  caused    a   complete   change   in    the    de- 
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velopment  of  the  art.  The  H(|ui(l  barretter  consists  of  a  small 
;)iece  of  Wollaston  wire  ilip])ing'  into  (Ulutc  nitric  acid.  'Ilie 
'\Vollaston  wire  employed  is  usually  three  or  four  mils  in  di- 
ameter with  a  platinum  core  of  only  about  i/io  of  a  mil  in  di- 
ameter. The  small  core  extends  into  the  solution  only  thr'ee 
or  four  thousandths  of  an  incii  and  the  efl'ective  part  c(jn- 
sists  of  the  liquid  in  the  immediate  region  involved  in  the 
contact.  When  operating  in  best  condition,  a  small  current 
from  a  battery  is  passing  through  the  detector.  This  small 
current  serves  only  as  a  means  of  keeping  it  in  its  most  sensi- 
tive condition.  The  received  energy  which,  upon  collection  by 
tiie  aerial  develops  oscillating  currents,  is  passed  through  the 
('etector,  either  directly  or  in  a  derived  circuit  by  means  of  a 
transformer,  and  the  detector  acts  as  a  rectifier  and  ciianges 
the  oscillating  current  to  a  undirectional,  though  intermit- 
tent, current.  This  unidirectional  current  can  then  be  used  di- 
rectly in  a  telephone  receiver.  One  group  of  these  rectilied  cur- 
rents produces  but  one  movement  of  the  telephone  diaphragm, 
the  individual  waves  of  the  group  being  of  such  extreme  frc- 
(juency,  in  so  far  as  mechanical  movement  is  concerned,  as  to 
make  it  impossible  of  response  to  them.  I'^ven  assuming  the 
telephone  diaphagm  could  respond  to  the  individual  waves,  in- 
stead of  to  groups  only,  it  would  produce  no  useful  result  as 
the  frequency  is  far  too  great  for  the  human  ear  to  follow  and 
accordingly  no  sensation  of  sound  would  result.  In  practice 
the  spark  frequency  is  always  some  place  between  60  and  i  000 
sparks  per  second  so  that  the  telephone  gets  a  series  of  im- 
pulses. If  now  the  method  of  producing  the  spark  frequency 
is  very  carefully  adjusted  so  that  the  spacing  of  the  sparks  is 
^  cry  exact,  a  musical  note  will  be  heard  in  the  telephone,  the 
pitch,  of  course,  being  dependent  on  the  spark  fre(|uency.  This 
•ype  of  detector  is  so  rapiil  in  its  action  and  so  accurate  in  its 
icgularity  of  response  that  operators  can  readily  distinguish 
one  sending  station  from  another  by  little  irregularities  in  their 
spark  tones  which  arc  more  or  less  characteristic.  Kxj)crt  op- 
erators can  in  fact  actually  distinguish  the  sending  of  one 
operator  from  another.  The  results  then,  with  this  type  of  de- 
tector, are  more  nearly  like  hearing  what  is  going  on  at  the 
sending  station,  while  the  coherer  type  gives  only  a  release  of 
the  local  energy  supply  and  c<»nse(|iuM)tI\-  .ill  scndiiiLr  stations 
soinul  alike. 
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The  success  of  the  liquid  barretter  was  so  great  that  other 
detectors,  working  on  the  same  general  principle  of  rectifica- 
tion, soon  followed.  Thus  rectifiers  were  produced  for  each  of 
the  three  conditions  of  matter,  i.  e.,  lic^uid,  gaseous  and  solid. 
Tlie  first  of  the.  three  is  most  readily  reproduced  in  a  degree  of 
sensitiveness  desired  and  it  has  therefore  come  to  be  recog- 
nized as  a  standard  of  sensitiveness.  The  crystals  are  gener- 
ally used  with  a  battery  in  the  same  manner  as  the  liquid  bar- 
retter, though  some  of  them  are  so  sensitive  as  not  to  require 
a  battery. 

A  typical  wiring  diagram  for  a  receiving  station  to  operate 
with  rectifying  detectors,  with  a  spark  system  sending  station, 
is  shown  in   Fig    3.     The  spark-gap  shown  connected  between 
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FIG.    3 — SCHEMATIC    CONNECTIONS    OF    A    TYPICAL    RECEIVING    STATION 


the  antenna  and  ground  is  really  a  lightning  arrester.  The  re- 
sistances, shown  shunted  around  the  condenser  in  the  antenna 
and  the  condenser  in  the  closed  oscillating  circuit,  are  for  pro- 
tective purposes  and  serve  as  a  leak  for  high  voltage  charges. 
They  are  generally  made  of  graphite  rods  and  have  a  very  high 
ohmic  resistance.  The  detectors  shown  are  of  two  types,  licjuid 
barretters  and  crystals,  two  of  the  former  and  one  of  the  latter 
being  mounted  in  the  particular  installation  represented  in  the 
sketch.  These  detectors  are  provided  with  a  condenser  wlTich 
can  be  shunted  around  them  as  a  protection  against  too  strong 
currents,  such  as  are  apt  to  be  picked  up  during  the  sending  on 
a  nearby  set.  This  condenser  fs  cut  out  during  the  receiving 
operations.  The  test  buzzer  and  its  circuits  are  for  the  pur- 
pose of  determining  the   condition   of   sensitiveness   of   the   de- 
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tfctors.  For  instance,  there  are  times  when  a  message  is  sud- 
denly interrupted  and  the  receiving  operator  must  know 
whether  the  fault  is  at  his  station,  or  the  sending  station.  I£ 
he  hears  signals  when  he  puts  on  the  buzzer  he  knows  at  once 
t^'at  his  detectors  are  all  right,  while  the  absence  of  signals 
from  his  buzzer  indicates  that  his  detectors  are  at  fault  and  he 
switciies  to  another  detector,  or  corrects  the  fault  on  the  one 
in  use.  As  a  rule  but  one  or  two  cells  of  battery  are  required 
to  give  the  proper  voltage  from  the  potentiometer  for  operating 
the  detectors.  The  larger  number  are  used  principally  in  form- 
ing a  new  point,  the  larger  current  carrying  away  the  excess 
L-ilvcr  from  the  Wollaston  wire  contact  and  leaving  the  small 
platinum  point  exposed. 

In  the  operating  of  a  receiving  set  of  this  type  the  antenna 
circuit  is  first  tuned  to  the  frequency  of  the  desired  signals  by 
adjustment  of  inductance  and  capacity.  The  secondary  of  the 
transformer  is  then  moved  away  from  the  primary  and  it  is 
tuned  by  varying  the  inductance  and  capacity  till  the  greatest 
strength  of  signals  is  secured.  It  is  generally  necessary  to  re- 
adjust each  of  these  tunings  as  a  change  in  any  one  upsets  the 
adjustment  of  others.  The  separation  of  the  two  coils  of  the 
transformer  is  for  the  purpose  of  allowing  each  circuit  to  oscil- 
late more  nearly  at  its  own  natural  rate  without  any  inductive 
interference  from  the  other.  It  also  limits  the  transfer  of  en- 
ergy from  the  primary  to  the  secondary,  particularly,  if  that 
frequency  be  one  for  which  the  secondary  circuit  is  not  reson- 
ant, and  thus  makes  it  jiossible  to  secure  great  selectivity  in 
the  secondary  circuit.  Tlu-  arrows  on  the  condensers  indicate 
that  they  are  adjustable.  The  arrows  on  the  ends  of  the  leads 
attached  to  the  inductance  also  indicate  variability  for  adjust- 
ment. 

Receivers  of  these  types  arc  emjiloyed  with  the  spark  .sys- 
tem sending  sets  only,  as  the  sf^und  the  operator  hears  corre- 
sponds quite  closely  to  the  sound  of  the  spark  one  hears  when 
at  the  sending  station.  With  the  railiator  sending  out  waves 
continuously  no  sound  would  be  heard  by  an  operator  using  a 
set  like  those  described,  as  the  wave  frequency  is  far  above  the 
limit  of  audibility.  This  type  of  receiver  can  I)e  used  with  the 
continuous  type  radiator  provided  the  radiation  is  chpppoil  up 
into  groups  by  some   form  of    interrupter,    but    this    is    really 
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changing-  the  radiation  till  it  approaches  at  least,  the  spark  type 
system. 

There  are  two  types  of  receivers  for  continuous  or  undamp- 
ed radiators  proper.  The  first  of  these  is  based  upon  the  chop- 
ping up  of  the  energy  at  the  receiving  station  so  as  to  get  a 
sound.  This  is  generally  accomplished  by  some  form  of  con- 
tact maker  which  closes  a  circuit  around  part  of  a  resonant  cir- 
cuit. This  breaking  in  on  the  resonant  circuit,  destroys  the 
condition  of  resonance  and  causes  it  to  give  up  a  large  part  of 
its  energy  to  the  condenser  that  is  suddenly  connected  in  on  it. 
The  charge  on  the  condenser  is  later  allowed  to  pass  through 
telephones  and  thus  produce  the  signals.  This  charging  and 
discharging  of  the  condenser  takes  place  at  a  rather  rapid  rate, 
several  hundred  times  per  second  and  gives  a  rather  "hissy" 
sound. 

The  heterodyne  receiver  works  upon  the  principle  of  pro- 
ducing an  audible  frequency  by  interference  beats,  caused  by 
superposing,  on  the  alternating  currents  produced  in  the  receiving 
antenna  by  the  sending  station,  of  an  alternating  current,  produced 
locally,  of  a  slightly  different  frequency.  These  interference  beats 
give  a  pure  musical  tone  which  can  be  adjusted  in  pitch  by  changing 
the  frequency  of  the  local  circuit.  It  is  possible  also  to  amplify 
the  strength  of  signals  by  increasing  the  strength  of  the  local 
current  and  thus  produce  a  marked  improvement  in  the  signals. 
This  amplification,  combined  with  the  line  tone  of  the  signals, 
makes  this  the  best  method  that  has  }'et  been  developed  for  re- 
ceiving signals. 

The  greatest  trouble,  experienced  at  receiving  stations,  as 
might  naturally  be  expected,  is  that  due  to  interference.  This 
interference  is  caused  by : — 

a — ^^Atmospheric  disturbances  ;  b — Signals  from  other  sta- 
tions. The  atmospheric  troubles  are  very  severe  in  the  tropics 
during  certain  seasons  and  cause  a  continuous  rumble  in  the 
telephones  which  is  very  annoying  and  makes  the  reading  of 
weak  signals  impossible.  This  sound  resembles  that  made  in 
the  frying  of  grease  on  a  hot  stove  or  like  a  series  of  small  ex- 
plosions. There  are  two  methods  of  overcoming  this  difficulty, 
these  are,  however,  only  partially  successful.  The  first  method 
relies  upon  accurate  tuning  and  reduces  the  disturbances  very 
materially,  but  under  heavy  atmospheric  conditions  this  is  not 
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always  sufficient  to  make  it  possible  to  read  the  desired  mes- 
sages. The  second  method  consists  of  adding  to  the  first  the 
musical  tone  qualities  of  the  desired  signals  so  that  they  can  be 
j)hysiologically  separated  from  the  disturbances.  The  tone 
most  effective  is  one  produced  by  a  frequency  of  looo  per  sec- 
ond and,  in  the  spark  system,  this  is  secured  by  producing  1000 
very  regularly  spaced  sparks  per  second.  This  same  tone  can 
be  secured  with  the  heterodyne  by  adjusting  the  local  frequency 
to  an  amount  that  gives  1000  beats  per  second.  The  heterodyne 
gives  musical  tones  when  receiving  undamped  waves  but  not 
when  operating  with  the  spark  system  giving  damped  waves. 

The  second  serious  difficulty  encountered  m  operating  re- 
ceiving stations  is  from  the  interference  of  other  nearby  sending 
stations.  This  is  overcome  by  tuning,  provided  the  stations 
that  are  sending  have  their  apparatus  properly  adjusted  so  as 
to  send  out  a  very  pure  type  of  radiation.  If  the  radiation  be 
of  waves  of  excessive  damping,  or  of  two  or  three  wave  lengths 
superposed,  they  cannot,  if  sufficiently  near  or  powerful,  be 
tuned  out.  An  act  of  Congress,  passed  a  year  ago,  prescribes 
certain  limits  of  purity  of  radiation  beyond  which  a  station 
must  not  go.  This  has  had  a  very  beneficial  effect  in  improv- 
ing the  character  of  radiation  and  thus  made  tuning  a  real 
remedy  for  most  of  this  type  of  interference  when  the  stations 
are  working  on  different  wave  lengths.  Unfortunately  the  law 
specifies  certain  wave  lengths  that  must  be  employed  on  ships 
and  stations  working  with  them,  and  this  increases  the  inter- 
ference around  busy  harbors,  such  as  New  York.  The  hetero- 
dyne receiver  when  working  with  undamjied  waves,  is  the  one 
that  gives  the  most  reliable  results,  and  is  most  free  from  in- 
terference of  any  in  use  at  this  time. 

As  to  the  sensitiveness  of  the  receivers  in  general,  the  lol 
lowing  taken  from  the  IVesidential  adress  of  Mr.  William  Dud- 
dell,   F.K.!^.,   before   the    Institution    of    Klectrical    Engineers    in 
November,  1912,  is  of  interest: — 

"The  radiation  in  wireless  telegraphy  is  similar  to  light;  therefore,  it 
is  of  interest  to  compare  the  human  receiver  of  this  radiation,  namely,  'the 
eye'  with  the  receiver  of  a  wireless  station.  According  to  some  recent 
experiments  by  Messrs.  Patterson  and  Dudding.  a  light  of  l/io  of  a  candle 
at  a  distance  of  one  kilometer  is  near  the  limit  of  visibility.  As.^uming  the 
square  law,  thi<;  corresponds  to  a  candle-power  of  2560  at  100  miles.  With 
our  present  incandescent  lamps  this  would  require  2.5  kilowatts.  In  wire- 
less, to  cover  the  same  distance,  it  is  usual  to  install  what  is  nominally  a 
1.5  kilowatt  station. 

"Taking,  however,  Drysdale's  figures  for  the  rate  of  radiation  of  en- 
ergy in  the  visible  spectrum   (about  0.1   watt  per  candle-power)   our  source 
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of  light  is  radiating  energy  at  the  rate  of  about  250  watts.  Very  accurate 
figures  for  the  rate  of  radiation  for  a  wireless  antenna  are  not  available, 
but  assuming  an  overall  efficiency  of  20  percent ;  the  radiation  of  the  wire- 
less antenna  is  300  watts.  It  would  seem,  therefore,  that  there  is  a  remark- 
able similarity  between  the  sensibility  of  the  eye  to  radiation  of  the  short 
wave-length  which  constitutes  light,  and  the  sensibility  of  the  wireless  re- 
ceiving apparatus  for  the  long  wave-length  radiation  used  in  telegraphy. 

"According  to  Lord  Rayleigh's  experiments,  if  a  tuning  fork  is  pro- 
ducing sound  at  the  rate  of  42  ergs  per  second  it  will  just  be  audible  at  a 
distance  of  30  yards.  This  corresponds  to  a  source  of  sound  giving  0.0056 
watt  being  audible  at  one  km.,  or  assuming  no  absorption  or  bending  of 
the  sound  waves,  143  watts  at  100  miles.  We,  therefore,  have  the  curious 
resulll  that  if  it  were  possible  to  radiate  energy  at  a  given  rate,  either  as 
sound  waves  or  as  light  waves  or  as  long  Hertzian  waves,  we  should  be 
■able  to  detect  them  at  approximately  the  same  distance  by  means  of  our 
ear  or  our  eye  or  the  receiving  apparatus  of  a  wireless  station." 

Mr.  Duddell's  comparison  while,  of  course,  intended  to  be 
only  quite  rough,  does  not  give  the  radio-apparatus  quite  enough 
credit  for  sensitiveness.  The  receiving  apparatus  with  which 
he  is  apparently  familiar  is  not  nearly  as  sensitive  as  the  het- 
erodyne, which  is  probably  four  or  five  times,  at  least,  as  sen- 
sitive as  the  older  types.  Furthermore,  the  use  of  higher  aerials 
at  both  sending  and  receiving  stations  would  increase  very  ma- 
terially the  working  range  even  with  the  same  amount  of  energy 
radiated.  Whereas  Mr.  Duddell  selects  1.5  kilowatts  as  the 
proper  size  of  set  for  100  miles,  it  is  nothing  imcommon  for 
sets  of  that  size  to  work  300  miles  in  daylight.  There  are  numer- 
ous instances  of  two  kilowatt  sets,  a  somewhat  standard  size 
in  this  country,  working  600  miles  daylight  and  1200  miles  or 
more  at  night.  These  exceptions  are  made  to  Mr.  Duddell's 
very  interesting  comparisons  only  for  the  purpose  of  showing 
that  the  radio-apparatus  is  more  sensitive  than  the  human  eye, 
and  also  to  indicate  the  various  causes  that  may  influence  the 
apparent  sensitiveness. 

The  sensitiveness  of  the  average  human  ear  to  tones  of  a 
freqtiency  of  approximately  1000  per  second,  as  determined  by 
a  telephone  with  alternating  current,  is  about  eight  micro-micro- 
watts. That  such  extreme  sensitiveness  is  required  is  perfectly 
evident  when  one  thinks  of  a  given  amount  of  energy  thrown 
olT  from  a  radiating  antenna  as  a  strain,  or  quiver,  in  the  ether 
like  an  immense  water  wave  which,  as  it  goes  from  the  source 
spreads  out  and  thins  down  the  energy  per  unit  of  length  along 
the  crest  of  the  wave  directly  with  the  distance;  and  which  also 
spreads  upwards  to  the  probable  limit  of  a  conductive  envelope 
that  is  formed  by  the  rarefied  atmosphere  about  the  earth ;  arid 
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again  when  one  allows  lor  the  loss  of  energy  all  around  the 
wave  caused  by  a  drawing  out  of  certain  amounts  as  the  wave 
rushes  past  conductors,  such  as  trees,  buildings,  etc.,  and  still 
further  when  one  remembers  that  the  only  part  of  the  energy 
that  is  useful  in  producing  the  desired  signal  in  that  whole  big 
wave  circle  is  a  part  represented  by  an  area  probably  equiva- 
lent to  about  the  scpiare  of  the  height  of  the  antenna. 

Experience  has  shown  that  the  distance  of  transmission 
varies  directly  with  the  product  of  the  heights  of  antenna,  at 
sending  and  receiving  stations ;  the  rate  of  decrease  in  energy 
with  ilistance  being  between  the  first  and  second  ])owers  of  the 
distance.  What  is  ile>ired  in  an  antenna  is  a  large  capacity 
area  at. a  gi^eat  height.  The  capacity  should  be  large,  if  large 
power  is  to'  l)e  radiated,  and  the  xoltages  kei)i  down  to  reason- 
able values.  Ilie  cajjacity  of  recei\ing  antenna  is  preferably  less 
than  that  of  the  sending.  This  is  for  the  reason  that  lliere  is  tiien 
no  trouble  from  high  \oltages  and  it  gives  an  antenna  which  has 
a  larger  proportion  of  inductance  and  thus  tunes  better  and  picks 
U])  fewer  strong  waves  of  frequencies  not  desired,  i'he  cai)acity 
area  is  secured  b\  >tringing  stranded  wire  between  insulated  hori- 
zontal supports.  These  wire-s  are  generally  about  live  feet  or  more 
apart,  no  appreciable  advantage  being  secured  b\  >tringing  extra 
wires  in  between. 

The  earth  connections  are  best  made  by  contact  with  a 
surface  spread  o\cr  a  considerable  area.  riie  gronnd  connec- 
tion at  the  Arlington  station  is  made  by  forming  a  large  net  of 
copper  ribbon  s])reail  out  oNir  .sc\cral  acres  and  the  antenna 
lead  conected  to  it.  .\n  elfectiNe  earth  can  also  be  made  by  a 
large  net  work  of  wires  supported  a  few  feet  abo\  c  the  earths 
surface,  in  thi>  arrangement  the  net  work  becomes  one  plate 
of  a  condenser  of  which  the  earth  is  the  i»lher.  This  arrange- 
ment gives  excellent  results  in  certain  locations  where  earth 
connections  of  the  usual   kind  are  difficult  to  secure. 

While  the  operations  of  radi<K-telegraphy  have  been  con- 
lined  largel\'  to  ship  W(trk.  where  it  has  no  competition,  there 
can  be  no  doubt  that,  with  the  increased  reliability  of  service 
which  is  gradually  being  achieved,  it  will  tind  other  tields  of 
o])eration,  particularly  in  competition  with  cables,  where  it  will 
be   more  economical   than   existins^  methods. 
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The  speed  at  which  messages  may  be  sent  depends  so  much 
upon  the  operating  conditions  that  only  a  very  general  state- 
ment can  be  made.  Under  favorable  conditions  the  limit  is 
that  of  the  individual  operator  and  may  reach  50  words  per 
minute,  or  more,  with  extra  good  men.  Under  conditions  of 
interference  it  may  drop  to  15  or  20  words  per  minute,  while 
with  weak  signals  and  interference  it  may  even  go  still  lower, 
owing  to  repetitions,  etc. 

There  are  a  number  of  methods  of  sending  more  than  one 
message  from  the  same  antenna  at  the  same  time.  Also  meth- 
ods of  sending  and  receiving  on  the  same  antenna  simultane- 
ously, but  none  of  these  have  been  put  in  sufficiently  good  form 
to  cause  them  to  be  used  commercially.  Machine  sending  and 
receiving  has  been  tried  by  a  number  of  different  experimenters 
but  as  yet  with  only  indifferent  success.  It  is  perfectly  feasible 
to  do  this  under  favorable  conditions  but  interference  causes 
great  difficulty  with  this  method,  more  than  with  ordinary  op- 
eration with  the  individual  listening  and  selecting,  by  concen- 
trating his  attention,  the  desired  from  the  stray-interfering  sig- 
nals. While  a  great  advance  has  been  made  in  the  development 
of  this  art  during  the  past  fifteen  years,  much  remains  to  be 
done  and  it  is  quite  likely  that  methods  which  are  standard  to- 
day will  be  obsolete  within  five  years. 

The  above  is  intended  as  a  brief  statement  of  present-day 
practice. 


THE  JOINT  USE  OF  WIRES  FOR  TELEPHONE 
AND  TELEGRAPH  SERVICE 

H.  S.  WARREN, 
American  Telegraph  &  Teleplione  Company,  New  York. 

I'!'  IS  a  fortunate  circumstance  that  telephone  currents  and  the 
ciiiiinionly  employed  kind  of  telegraph  currents  are  of  such 
character  and  relation  that  under  favorahle  conditions  both 
can  be  transmitted  simultaneously  over  a  circuit  without  either  one 
interfering  with  the  other.  For  several  years  it  has  been  commer- 
cially possible  for  certain  classes  of  telephone  circuits  to  be  utilized 
also  for  telegraphic  communication  without  interfering  with  their 
regular  use  for  telephone  purposes.  The  telegraph  service  thus  af- 
forded is  of  very  higli  grade;  in  fact,  simultaneous  telephone  and 
telegraph  operation  is  of  itself  a  guarantee  that  the  lines  will  be 
l<e])t  in  first-class  condition. 

TELEPHONE    CURRENTS 

'ihe  wave  forms  of  telephonic  voice  currents  are  exceedingly 
diversified  and  complex.  Every  sound  in  a  telephone  transmitter 
produces  its  own  peculiar  train  of  electric  waves  which  distin- 
guishes it  from  every  other  sound.  Even  the  same  word  or  syllable 
spoken  by  different  persons  produces  telephone  waves  of  different 
characteristics  whereby  the  voices  of  different  individuals  may  be 
reccjgnized.  An  efficient  telephone  circuit  nuist  transmit  telephone 
waves  at  approximately  the  same  velocity  and  with  approximately 
the  same  attenuation,  otherwise  the  sounds  will  be  distorted  and,  as 
heard  at  the  receiving  end  of  the  line,  will  not  correspond  accurately 
to  the  waves  sent  out  by  the  transmitter.  The  normal  range  of  the 
human  voice  for  pure  tones  is  approximately  from  80  to  800  periods 
per  second.  The  fundamental  tones  employed  in  talking  fall  within 
mu:h  narrower  limits.  In  order,  however,  to  take  care  of  over- 
tones, a  telephone  circuit  should  transmit  waves  up  to  at  least  2000 
periods  per  second,  <'»therwise  quality  of  transmission  will  be  im- 
paired. It  is  also  desirable  to  be  able  to  tratismit  the  lower  period- 
icities within  the  compass  of  the  voice. 

TELEGR.\PH    CTRKENTS 

While  several  alternating-current  telegraph  systems  have  been 
devised,    direct    current    is   ordinarilv    u^^ed    in    telegraphy    in    this 
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country.  The  current  is,  caused  to  tiovv  for  a  longer  or  shorter 
time  to  register  a  dash  or  dot  respectively,  the  intervals  between 
successive  dashes  and  dots  representing  periods  when  the  flow  of 
current  is  interrupted  or  reversed.  The  actual  length  of  time  dur- 
ing which  the  current  flows  in  one  direction  may  vary  from  ap- 
proximately one-thirtieth  of  a  second  to  one  second  or  more,  de- 
pending on  the  speed  of  sending.  This  refers  only  to  manual  send- 
ing, as  high  speed  machine  sending  is  not  ordinarilv  used  in  con- 
nection with  the  telephone  circuits. 

SIGNALINC,     CIRCUITS 

Besides  the  currents  above  described  it  is  usually  also  neces- 
sary, on  a  joint  telephone  and  telegraph  circuit,  to  employ  a  cur- 
rent for  telephone  signaling  purposes,  but  as  this  signaling  current 
is  not  on  the  wires  at  times  when  the  circuit  is  in  use  for  talking,  it 
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FIG.    2 — STANDARD    COMPOSITE 


is   customary   to   operate   the   signals   by   alternating  current  of    a 
periodicity  within  the  telephonic  range. 

PREVENTION  OF  INTERFERENCE 

The  prevention  of  interference  between  the  telephone  and 
telegraph  currents  is  a  problem  not  of  the  line  itself,  but  of  the 
arrangement  of  transmitting  and  receiving  devices  at  the  terminals. 
The  currents  do  not  interfere  with  each  other  in  their  propagation 
over  the  line.     The  conditions  essential  to  non-interference  are: — ■ 

I — That  the  telegraph  transmitting  devices  may  impress  Morse 
currents  on  the  line  without  disturbing  the  telephone  transmitting 
or  receiving  stations,  and  conversely. 

2 — That  the  telephone  transmitting  devices  may  impress  tele- 
phone currents  on  the  line  without  having  these  shunted  into  the 
telegraph  instruments  to  a  harmful  extent.  The  last  named  condi- 
tion is  set  up,  not  because  of  fear  that  the  telephone  currents  would 
interfere  with  the  operation  of  the  telegraph  instruments,  but  in 
order  to  minimize  impairment  of  telephonic  transmission  efficiency. 


Rrpcalint;  Cuil 


TELEPHONE  AND  TELEGRAPH  SERVICE        835 

COMBINATIONS 

The  two  most  conunoii  forms  of  combining  telephone  and 
telegraph  operation  are  the  simplex  and  the  composite.  The  sim- 
plex affords  c)ne  Morse  circuit,  the  composite  two  Morse  circuits 
per  telephone  circuit ;  i.  e.,  i)er  pair  of  wires. 

Simplex — In  the  simplex  system,  shown  diagrammatically  in 
Fig.  I,  the  telephone  circuit  is  kept  balanced  and  symmetrical  so 
that  the  mid-point  of  the  line  winding  of  the  repeating  coil,  where 
the  Morse  tap  is  connected,  is  always  a  point  of  zero  potential  in 
respect  to  telephone  currents.  Thus  there  is  no  tendency  for  the 
telephone  currents  to  flow  into  the  Morse  tap.  The  telegraph  cur- 
rents in  flowing  from  the  Morse  tap  to  the  line,  or  vice  versa,  divide 

equally  between  the  two  sym- 
metrical halves  of  the  repeat- 
ing coil  winding  and  the  two 
opposing  voltages  induced  in 
the  telephone  circuit  exactly 
neutralize  each  other.  The 
effect  on  telephone  transmis- 
sion of  adding  the  simj)lex  re- 
peating coils  is  too  small  to  be 
detected  by  the  ear,  the  energy 
losses  in  these  coils  having 
been  minimized  bv  refinements 

FIG.    3 — TKI.F.PHONE    CIRCriTS     WITH  .  .  " 

pn.\.NTo.\i    sci'KKi-usKi.  HI     design     and     constructU)n. 

Tile  simplex  furnishes  a  high- 
ly efficient  telegraph  circuit,  and  is  often  employed  where  there 
are  enough  line  wires  available  to  permit  the  use  of  two  wires 
for  each  telegraph  circuit.  A  simplex  circuit  may  be  operated  by 
any  of  the  standard  telegraph  methods — single  line,  duplex  or 
(|uadruplex.  Duplex  and  (|uadruplex  telegraph  circuits  are  cir- 
cuits arranged  for  sending  simultaneously  two  and  four  telegraph 
messages,  respectively,  over  one  circuit. 

Composite— '\hQ  i)urix).se  of  the  composite  is  to  preveiu  tele- 
graph currents  from  interfering  with  the  telephone  currents,  also 
to  prevent  the  telephone  currents  from  leaving  their  own  circuit 
and  getting  into  the  telegraph  apparatus.  The  method  which  has 
been  found  by  experience  to  accomplish  tiiese  purposes  most  satis- 
factorily is  that  shown  diagrannnatically  in  Fig.  2.  Interference  is 
avoided  by  a   snmewhat   elaborate   scheme  »^f  balancing  with   con- 
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densers  and  impedance  coils.  The  exact  proportions  giving  best 
results  have  been  determined  by  experience  rather  than  by  theory. 
This  arrangement  is  a  compromise  between  that  which  would  most 
etYejtually  keep  the  Morse  thump  out  of  the  telephone  circuit  and 
that  which  would  least  impair  the  telephonic  transmission  efficiency. 
The  standard  composite  accomplishes  both  of  these  objects  very 
well,  the  effect  on  the  talking  efficiency  being  about  the  same  as 
with  the  simplex,  and  the  Morse  thump  is  so  thoroughly  eliminated 
as  to  be  inaudible  in  the  telephone  under  ordinary  working  condi- 
tions. Short  lengths  of  composited  line  may  be  worked  quadruplex, 
but  in  general  composited  circuits  are  restricted  commercially  to 
single  line  or  duplex  operation. 

Phantom  Circuits — The  best  examples  of  economical  use  of 
wires  are  those  involving  phantom  telephone  circuits.     By  means  of 
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FIG.   4  FIG.    5 

FIG.    4 — ^PHANTOM    TELEPHONE   ON    SIMPLEXED    CIRCUITS    WITH     COMPOSITE  ON 

PHANTOM 
FIG.    5 — PHANTOM   TELEPHONE  ON   COMPOSITED   CIRCUITS 

suitable  repeating  coils  two  telephone  circuits  (four  wires)  can  be 
made  'to  afford  three  metallic  telephone  circuits.  The  manner  of 
accomplishing  this  result  is  shown  schematically  in  Fig.  3.  Each 
side  of  the  phantom  circuit  is  formed  in  the  same  way  as  a  simplex 
telegraph  circuit.  However,  it  must  not  be  inferred  that  the 
phantom  telephone  circuit  is  as  easily  applied  as  the  simplex.  It 
was  many  years  after  the  simplex  was  invented  and  in  use  before 
repeating  coils  were  developed  which  were  sufficiently  well  bal- 
anced and  efficient  to  make  "phantoming"  possible. 
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Morse  on  Phantoms — Given  a  pair  of  phantomed  telephone 
circuits,  there  are  two  methods  of  superposed  Morse  in  use.  One 
of  these  methods,  shown  in  Fig.  4,  consists  in  applying  the  standard 
composite  to  the  phantom  circuit.  The  two  Morse  circuits  thereby 
obtained  may  be  worked  duplex,  in  which  case  four  telegraph 
messages  may  be  transmitted  simultaneously  with  three  telephonic 
messages.  The  second  method,  which  is  somewhat  superior  to  the 
foregoing,  is  shown  in  Fig.  5.  In  this  case  each  wire  is  composited 
so  that  from  the  four  wires  are  obtained  three  telephone  circuits 
and    four    telegraph   circuits.      As   each    telegraph    circuit    may    be 
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FIG.    6--C0MI'I.\ATI0NS    OF   COMPOSITE.    SIMPLEX    AND    PHANTOM    CIRCUITS 

duj)lexcd,  a  total  of  i  i  indejiendent  simultaneous  messages  i;; 
possible. 

Circuit  Combinations — These  three  devices,  the  simplex,  the 
comijosite  and  the  phantom,  offer  opportunity  for  a  wide  variety  of 
circuit  combinations.  Circuits  to  cover  great  distances  may  be  built 
up  by  connecting  together  lines  working  independently  between  in- 
termediate j)oints.  An  example  of  this  .sort  is  shown  in  Fig  '». 
which  will  give  an  idea  of  the  various  possible  combinations. 

The  above  discussion  will  indicate  some  of  the  possibilities  of 
increased  efficiency  and  economy  in  the  public  service  afforded  by 
cooperation  between  these  two  systems  of  communication. 


MAXIMUM  LOADS  OF  TRANSMISSION  LINES 

H.  B.  DWIGHT 

THE  recent  increases  in  the  lengths  of  transmission  Hnes  and 
high-tension  networks  have  made  the  cost  of  the  line  itself 
the  item  of  most  importance  in  planning  a  large  transmis- 
sion system.  The  question,  therefore,  arises :  With  how  cheap  a 
line  or  with  how  few  lines  can  a  given  block  of  power  be  trans- 
mitted? Or,  in  other  words:  What  are  the  limits  to  the  loading  of 
a  transmission  line.  In  the  present  article,  the  various  factors  limit- 
ing the  loading  of  a  transmission  line  are  outlined  and  their  relative 
commercial  importance  is  indicated,  so  as  to  show  what  calculations 
of  electrical  characteristics  and  costs  should  be  made  in  determin- 
ing the  proper  line  for  a  given  case.  A  distinction  is  made  between 
items  which  are  a  serious  economic  disadvantage,  and  others  which, 
while  presenting  engineering  difficulties,  do  not  greatly  affect  the 
costs  if  the  difficulties  are  properly  taken  care  of. 

The  amount  of  power  which  any  transmission  line  can  carry 
is  always  increased  if  the  operating  voltage  is  raised.  The  theo- 
retical limitation  to  the  voltage  is  imposed  by  the  formation  of 
corona  on  the  conductors,  since  if  the  voltage  is  raised  beyond  the 
point  at  which  corona  appear,  the  energy  loss  due  to  the  corona 
quickly  reaches  a  prohibitive  amount.  The  limiting  operating 
voltage  depends  on  a  great  many  factors,  among  which  are  the 
size  and  spacing  of  conductors  and  the  altitude  above  sea  level.* 

VARYING-VOLtAGE  LINES 

The  usual  method  of  controlling  a  transmission  line  is  by  ad- 
justing the  generator  voltage  so  as  to  give  uniform  voltage  at  all 
times  at  the  receiving  end  of  the  line.  This  may  be  called  the 
varying-voltage  method  of  control,  since  at  all  points  on  'the  line, 
except  one,  the  voltage  varies  as  the  load  changes.  The  limit  of 
the  load  which  the  line  may  carry  under  those  conditions  is  set  by 
the  maximum  allowable  variation  in  voltage.  The  maximum  varia- 
tion may  be  tak^nas  20  percent,  since  power  cannot  very  well  be 
sold  to  a  customer,  or  the  station  apparatus  satisfactorily  operated, 
where  the  variation  in  voltage  is  greater  than  this  amount. 


*TJTe  "siibje'ct  of  corona  has  been  thorouglilv  described  before  the  Amer- 
ican Institute  of  Electrical  Engineers.  See  "The  Law  of  Corona  and  the 
Dielectric  Strength  of  Air."  I.  Trans.  A.  T.  E.  E.,  191 1,  p.  i88g;  11,  Proc. 
A.  I.  E.  E.,  June,  IQ12;  III,  Proc-  A.  I,  E.  E.,  June,  1913.  P-  ^337- 
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Jn  mo.^l  Iransmissiuii  lino  the  reactance  is  greater  than  the 
resistance,  and  is  the  chief  cau>e  of  voltage  variation.  Any  atldi- 
tioii  to  the  reactance  reduces  tlie  amount  of  power  which  can  be 
delivered.  It  has  been  found  advisable  in  large  systems  to  install 
high-reactance  coils  to  protect  the  station  apparatus  from  the  effects 
of  short-circuits  and  surges  in  the  line.  The  use  of  such  reactance 
coils  with  a  varying-voltage  line  directly  reduces  the  maximum  load 
of  the  line.  Since  in  ordinary  cases  the  voltage  variation  due  to 
reactance  and  resistance  becomes  excessive  before  the  energy  loss 

T Ar.I.F.    I-V ARVINT,    VOLTAGE  LINES.    XO    SYNXHROXOUS 

CONDENSERS  USED 

Line  200  miles  in  '      .     .  ,. 

lenK'th   witli  Snort  line  of  same 

trnnsforniers  an.l     electriciil  character- 
protective  coils        '•'*"cs,  but  without 

at  .M-li  ciKl  capacity 


I'requcncy,  cycles   6() 

Maximum  vohage  at  g^ierator  end....        115  000 
Minimum  voltage  at  generator  end....  02000 

Steady   voltage   at   receiver  end 108  000 

Kilowatts  delivered   lo  loo 

F'ower-factor  of  load,  lagging,  percent.         85 
Efliciency  of  transmission  at    full  load, 

percent    05 

Generator  k.v.a.  at   full  load 11  Qoo 

I'ower- factor     at     generators,     lagging, 

percent 89 

Generator  k.v.a.  at  no  load  with  normal 

voltage  at  receiver  10  400 

Approximate  voltage  at  receiver  end 
when  the  receiver  circuit  breakers 
open,  enough  generators  being  con- 
nuMi-d  to  r;irr\   ilu-  i!i:iri.'itiL.'  ourrciit .  .         jooooo 


60 

115000 

02000 

92000 

8200 

85 

93 
12  100 

73 
0 


I  ;  ;  ( H  N ) 


Conductors — 250000  circ.  mils,  copper  cable. 

Spacing  of  conductors — 10  feet,  flat  spacing. 

Mean  si)acing  of  conductors — 'viox  10  ;<  20=  IJ.6  feet. 

Resistance  of  line  per  conductor — 45.7  ohms. 

Reactance  of  line  per  conductor —  160  ohms. 

Capacity  su.sccptance  <>i  line  [)er  conductor — 0.00107  ohms. 

Resistance  of  transformers  and  protective  coils  at  each  end.  referred 
lo  higli  tension — 4.1  ohms. 

Reactance  of  transformers  and  protective  coils  at  eacli  eml.  refer- 
red to  high  tension — 64.5  ohms. 

reaches  a  serious  amount,  the  cost  of  cncrg)-  for  line  losses  does  not 
set  a  limit  to  the  amount  of  power  transmitted  by  a  varying-voIt;.},'c 
line.  In  other  word>.  the  fuU-lo.-nl-  elViciency  of  such  lines  is  gen- 
erally high. 

The   characteristics  of   a   typical   line   nif    >b.>uii    iti    T  iMc^   T. 
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Usual  amounts  of  reactance  are  assumed  for  transformers  and 
protective  coils  at  the  ends  of  the  line.  The  load  to  which  power 
is  delivered  is  assumed  to  be  an  ordinary  city  load  with  a  power 
factor  of  85  percent.  In  a  line  200  miles  long  the  charging  current, 
due  to  the  condenser  effect  of  the  conductors,  assumes  a  large  value, 
and  it  is  useful  to  determine  whether  this  current  is  a  help  or  a 
hindrance.  For  this  purpose,  Table  I  shows  also  the  results  of  the 
calculations  when  the  line  is  assumed  to  have  no  charging  current. 
This  is  equivalent  to  considering  a  line  of,  say.  30  miles  in  length, 
which  has,  due  to  a  different  size  of  copper  and  different  protective 
coils,  exactly  the  same  number  of  ohms  of  resistance  and  reactance 
as  the  200-mile  line.  From  Table  I  it  is  seen  that  with  the  charg- 
ing current  more  power  can  be  transmitted  and  the  generator  power 
factor  and  the  transmission  line  efficiency  are  higher.  As  far  as  the 
above  points  are  concerned,  the  charging  current  is  evidently  ad- 
vantageous. 

It  is  often  complained  that,  owing  to  the  charging  current,  full 
k.v.a.  must  be  carried  by  one  or  more  generators  when  no  i^ower  is 
being  delivered  at  the  receiver.  This  does  not  seem  a  very  reason- 
able complaint,  for  no  great  expense  is  involved  and,  as  shown  by 
Table  I,  the  gains  due  to  the  charging  current  at  full  load  more  than 
compensate  for  the  losses  at  no  load.  The  charging  current  really 
improves  the  load  factor,  making  it  easier  for  the  generators  at 
times  of  heavy  load,  and  adding  to  their  load  at  other  times. 

A  phenomenon  to  be  noted  in  transmission  line  operation  is 
the  rise  in  voltage  when  the  load  is  suddenly  disconnected,  the  ex- 
citation of  the  generators  being  for  the  time  unaltered.  This  occurs 
when  the  circuit  breakers  at  the  receiver  end  open.  The  example 
in  Table  I  shows  that  at  such  a  time  the  voltage  on  the  line  may 
lise  to  a  steady  value  of  approximately  twice  normal  voltage. 
While  this  is  a  considerable  strain  on  the  insulation  of  the  line  and 
the  station  apparatus,  it  is  to  be  remembered  that  even  greater 
strains  are  often  imposed  by  the  high  transient  voltages  caused  by 
lightning  or  the  opening  and  closing  of  circuit  breakers.  It  is  also 
shown  by  the  example  in  Table  I  that  the  increase  of  line  voltage 
on  the  opening  of  the  circuit  breakers  at  the  receiver  end  is  greater 
when  there  is  charging  current  than  when  there  is  none,  as  in  a 
short  line.  The  percentage  regulation  of  a  generator  between  a 
lagging  load  of  low  power  factor  and  no  load  is  not  nearly  as  large 
as  the  regulation  between  a  lagging  load  and  full  load  with  leading 
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current.     In  tlie  latter  case  the  leading  current  magnetizes  the  gen- 
erator ti)  a  rather  high  voltage. 

In  addition  to  the  generator  regulation,  there  i.s  a  rise  in 
voltage  along  the  line  when  there  is  charging  current,  due  to  the 
Feiranti  effect.  P.y  this  eft'ect,  when  the  receiver  end  of  a  line  is 
not  connected  to  any  load,  the  voltage  at  that  end  is  a  certain  i)er- 
centage  higher  than  the  voltage  at  the  generator  end.  Since  the 
receiver  end  is  disconnected,  the  only  current  which  is  possible 
must  flow  into  the  transmission  line  as  into  a  condenser,  and  it 
therefore  leads  the  voltage  in  phase.  'Vhe  transmission  line  along 
which  this  leading  current  is  flowing  contains  reactance,  and  there 
will  accordingly  be  a  rise  in  voltage  due  to  the  current. 

The  phenomenon  of  the  increase  of  voltage  when  load  is 
thrown  off  is  not  to  be  considered  a  limitation  to  the  loading  of 
tarnsmission  lines.  The  increase  may  l)e  very  great  on  a  line  carry- 
ing otily  a  small  load  supplied  by  a  single  generator.  The  same 
line  may  have  a  smaller  increase  in  voltage,  when  its  load  is  several 
times  as  great  as  before,  if  enough  generators  arc  u-^ed.  If  the 
increase  is  very  marked,  it  can  be  minimized  by  keei)ing  enough 
generators  on  the  line  to  carry  the  charging  current  easilv,  even  at 
high  voltage,  in  case  the  receiver  circuit  breakers  open,  and  by  ar- 
ranging for  close  regulation  of  the  generator  voltage.  1  i  the  above 
precautions  are  not  taken,  this  phenomenon  may  in  some  cases  prove 
to  be  as  dangerous  as  the  transient  voltages  which  are  such  a  well- 
known  cause  of  troubles  in  transmission  systems. 

Although  the  voltage  rise  may  be  almost  as  great  on  a  (')0-mile 
line  as  on  a  200-mile  line,  it  has  not  as  j-et  proved  to  be  a  very 
serious  difficulty  in  line  operation.  Since  it  is  exaggerated  by  the 
charging  current,  the  latter  must  be  considered  to  be  a  disadvantairc 
in  so  f.ir  .'is  the  nluMinmenon  of  voltage  rise  is  troul.U  ^ipnu". 

CONSTANT  VOLTAGE   LINES 

The  use  of  .synchronous  condensers,  by  means  of  which  tran-;- 
mission  lines  can  be  oj)erated  at  constant  voltage  and  with  largely 
increased  loads,  is  coming  intj>  prominence,  as  it  effects  distinct 
improvements  in  service  and  large  savings  in  transmission  line 
costs.  The  study  of  such  lines  is  conijiaratively  new,  and  the 
limitations  to  loading  must  be  looked  at  from  fresh  vicwjx>ints. 
Constant  voltage  operation  involves  the  installation  of  synchronous 
condensers  in  large  quantities  at  the  receiver  end  oi  the  line,  under 
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the  control  of  the  operating  company.  Their  excitation  is  varied  so 
as  to  furnish  enough  leading  current  to  overcome  the  effect  of  the 
load  current.  It  is  well  known  that  leading  current,  such  as  is  fur- 
nished by  synchronous  condensers,  tends  to  cause  a  rise  of  voltage 
in  a  transmission  line.  By  this  means,  the  voltage  at  both  the  gen- 
erating and  receiving  ends  may  be  kept  steady.  The  voltage  at 
intermediate  sub-stations  may  be  kept  constant  in  the  same  way,  if 
synchronous  condensers  are  installed  there. 

Although  the  cost  of  the  synchronous  condensers  is  large,  the 
extra  expense  is  in  many  cases  justified,  especially  with  long  trans- 
mission lines,  because  it 
results  in  large  savings 
jn  the  cost  of  the  line 
itself.  For  instance,  the 
use  of  synchronous  con- 
densers more  than  dou- 
bles the  capacity  of  a  line 
for  carrying  power ;  in 
other  words,  for  a  given 
amount  of  power,  a 
cheaper  line  or  fewer 
lines  will  suffice.  This  is 
due  to  a  change  in  limits. 
l"hc  limit  of  voltage  va- 
riation of  course  does 
not  apply,  since  the  volt- 
age is  kept  steady,  and 
so  the  amount  of  power 
:an  be  increased  until  the 
energy  loss  becomes  too 
great  for  good  economy 
or,  as  sometimes  hap- 
'  pens,    until    the    cost   of 

required  number  of  synchronous  condensers  becomes  excessive.  In 
the  example  shown  in  Table  II,  the  energy  loss  limit  becomes  oper- 
ative, for  85  percent  is  a  rather  low  efficiency  for  a  transmission 
line. 

In  Fig. .1,  a  curve  is  shown  of  the  k.v.a.  in  synchronous  con- 
densers needed  at  various  loads  for  the  200-mile  line  described  in 
Table  II.  In  plotting  this  curve,  the  abscissae  are  kilowatts  of 
power  delivered  by  the  line.    The  ordinates  are  k.v.a.  of  synchron- 
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ous  condensers  required.  Allowance  has  been  made  for  the 
capacity  of  the  line  as  a  condenser  in  the  calculation,  and  the  curve 
is  found  to  be  part  of  an  ellipse.  Since  part  of  the  leading  reactive 
k.v.a.  furnished  by  the  synchronous  condensers  is  used  to  correct 
the  low  power-factor  of  the  load,  the  curve  of  reactive  k.v.a.  actu- 
ally in  the  transmission  line  is  different  from  the  synchronous  con- 
denser curve,  as  may  be  seen  from  the  figure.  This  latter  curve 
may  be  shown  to  be  a  circle,  even  when  the  charging  current  is 
allowed  for. 

TABLE  11— CONSTANT  \'OLTAGE  LINES,  NO  SYNCHRONOUS 

CONDENSERS  USED 
Same  line  data  as  given  for  Table  I. 


Line  200  miles  in 

length   with 
transformers  and 
protective  coils 
at  each  end 


Frequency,  cycles  j         60 

Constant  voltage  at  generator  end I       115000 

Constant  voltage  at  receiver  end i        81  000 

Efficiency  of  transmission   at   full  load.j 

percent    '        85 

Kilowatts  delivered    !         2;^  100 

Power-factor  of  load,  lagging,  percent.. |        85 
Synchronous  condensers  required  at  full! 

load,  k.v.a 13  ybo 

Synchronous  condensers  required  at  no 

load,  k.v.e 13  ooo 

Generator  k.v.a.  at  full  load r  ■      29600 

Power-factor     at     generators,     lagging. 

percent 92 

Theoretical  limit  of  load,  kilowatt 29  600 

Generator  k.v.a.  at  no  load  and  at  nor- 
mal voltage    7  100 

Approximate  voltage  at  receiver  end 
when  the  receiver  circuit  breakers] 
open,  enough  generators  being  con- 1 
nected  to  carry  the  charging  current..!       200000 


short  Line  of  same 
electrical    character- 
istics, but  without 
capacity-     . 

60 

115  000 

81  000 

85 

21  100 

85 

15800 

9500 
30300 

82 

27  600 

13  Soo 

'■• 

150000 


The  curve  of  synchronous  condenser  k.v.a.  is  seen  to  bend 
rapidly  upward  when  the  load  is  increased  beyond  25  000  kilowatts. 
The  load  approaches  a  limit  of  29  600  kilowatts.  More  power  than" 
this  cannot  possibly  be  delivered  by  a  line  of  the  specified  im- 
pedance and  supply  and  receiver  voltages,  no  matter  what  assump- 
tions are  made  regarding  efticiency  or  number  of  synchronous  con- 
densers. This  limit  may  be  called  the  theoretical  limit  of  the  load. 
Before  the  theoretical  limit  is  actually  reached,  the  proportionate 
cost  of  synchronous  condensers  becomes  excessive,  and  the  load 
cannot  therefore  b^  qwuomically  increased.     It  is  in  this  way  that 
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the  effect  of  the  theoretical  limit  is  felt  in  actual  practice.  The 
number  of  synchronous  condensers  can  sometimes  be  decreased  by 
lowering  the  receiver  voltage,  so  as  to  use  as  many  condensers  at 
no  load  as  at  full  load.  The  example  in  Table  I  shows  about  as 
If  a  higher  receiver  voltage  is  desired,  all  that  is  needed  is  to  sup- 
low  a  receiver  voltage  as  would  generally  be  considered  desirable, 
ply  more  synchronous  condensers  for  use  at  full  load. 

The  200-mile  line  described  in  Table  II  is  typical  of  most 
transmission  lines  in  that  the  theoretical  limit  is  not  nearlv  ao- 
proached,  but  the  load  transmitted  by  the  line  is  limited  by  the 
cost  of  power  for  line  losses.  However,  where  the  cross-section 
of  the  conductors  is  very  large,  and  where  large  protective  react- 
ances are  used,  the  efficiency  is  high  for  loads  close  to  the  theo- 
retical limit.  For  such  lines,  the  maximum  load  is  settled  by  the 
theoretical  limit.  Lines  with  such  a  high  ratio  of  reactance  to 
resistance  as  this  are  rather  unusual  at  the  present  time,  as  they 
would  not  be  economical  for  the  usual  varying-voltage  method  of 
control,  but  would  be  likely  to  be  designed  only  for  constant-voltage 
transmission. 

The  addition  of  protective  reactance  coils  directly  reduces  the 
theoretical  limit  of  load,  but  it  does  not  increase  the  losses  to  any 
great  extent.  Since  most  practical  lines  have  excessive  losses  be- 
fore the  theoretical  limit  is  approached,  it  is  evident  that  high  pro- 
tective reactances  can  be  used  economically  on  constant  voltage 
lines.  For  the  same  reasons,  the  high  reactances  encountered  with 
the  frequency  of  60  cycles  are  not  a  very  great  disadvantage,  and 
the  frequency  of  60  cycles  is,  therefore,  put  on  an  equality  with  2^ 
cycles  for  economical  transmission  work,  by  using  the  constant 
voltage  method  of  control. 

The  excessive  rise  in  voltage  when  the  receiver  circuit  break- 
ers open  occurs  with  constant  voltage  lines  as  well  as  with  those 
operated  with  varying  voltage.  The  same  remarks  apply  to  this 
phenomenon  as  were  made  in  the  discussion  in  connection  with 
varying  voltage  lines,  namely,  that  it  does  not  affect  the  maximum 
permissible  load,  and  that  it  can  be  taken  care  of  with  proper 
precautions. 

As  was  noted  in  connection  with  varying  voltage  lines,  the 
charging  current  is  in  some  ways  advantageous,  and  in  some  re- 
spects disadvantageous.  It  is  not  of  very  great  commercial  impor- 
tance in  planning  transmission  lines,  although  it  requires  consider- 
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able  attention  and  care  for  its  proper  control.  With  constant 
voltage  lines,  it  increases  in  some  measure  the  amount  of  power 
which  can  be  transmitted  at  a  given  efficiency  and  voltage,  and  it 
also  tends  to  raise  the  generator  power-factor.  On  the  other  hand, 
it  increases  the  rise  in  line  voltage  when  the  circuit  breakers  at  the 
receiver  end  open. 

SU.MM.VRY 

For  transmission  lines,  the  line  voltage  is  limited  by  the  phe- 
nomenon of  corona. 

The  limit  of  the  load  on  a  line  operated  without  synchronous 
condensers  is  variation  in  voltage. 

The  load  limit  for  a  line  operated  at  constant  voltage  by  means 
of  synchronous  condencrs  is  much  larger  than  the  above  limit,  and 
the  limiting  condition  is  usually  low  efficiency. 

For  heavy  lines,  with  large  reactance,  or  where  the  cost  of 
power  for  line  losses  is  low,  the  theoretical  limit  for  constant 
voltage  lines  may  be  approached,  which  will  involve  increased  cost 
of  synchronous  condensers. 

The  charging  current  is  of  small  commercial  importance,  even 
though  it  may  be  large  in  amount,  and  must  be  carefully  allowed 
for.  In  general,  it  is  a  help;  its  main  disadvantage  is  that  it  in- 
crease? the  voltage  rise  when  load  is  suddenly  disconnected  from 
systems  not  closely  regulated. 


ELECTRIC  LOGGING  IN  THE  WEST 

WIRT  S.  SCOTT 

THE  SUCCESSFUL  adaptation  of  electricity  to  any  industry 
depends  upon  a  knowledge  of  that  particular  industry,  as 
well  as  upon  a  knowledge  of  the  apparatus  available  and 
its  characteristics.  In  almost  every  case  the  advancement  in  eco- 
nomical operation  produced  by  the  application  of  electricity  to  any 
industry  is  a  true  indication  of  the  relative  knowledge  the  electrical 
profession  has  of  that  nidustry. 

Logging  in  the  West  was  formerly  carried  on  with  ox  teams. 
In  the  last  few  years  these  have  been  superseded  entirely  by  port- 
able steam  engines  or  "donkeys."  Within  the  past  two  years  the 
subject  of  electric  logging  has  been  given  an  impetus  by  a  series  of 
tests  made  on  the  property  of  the  Smith-Powers  Logging  Co.,  of 
Marshfield,  Oregon.  While  these  tests  demonstrated  beyond  a 
doubt  that  electricity  could  be  adapted  to  this  industry,  yet  the  re- 
sults were  not  altogether  satisfactory  and  convincing  to  the  log- 
gers. The  generator  from  which  the  motor  received  its  power  was 
not  much  larger  than  the  motor,  consequently  when  heavy  peak 
loads  came  on  the  motor,  the  voltage  dropped  at  times  to  as  low 
as  one-half  of  normal  voltage,  causing  a  much  greater  reduction  in 
torque  of  the  motor,  which  is  readily  understood  by  electrical  engi- 
neers, but  not  so  easily  grasped  by  the  non-technical  mind. 

xA.t  the  fourth  annual  convention  of  the  Pacific  Logging  Congress, 
several  papers  on  electric  logging  were  read,  both  by  men  engaged 
in  logging  and  in  electrical  manufacturing.  The  discussion  which 
followed  showed  that  the  loggers  were  beginningto  realize  the  many 
advantages  of  electric  power.  The  main  obstacle  confronting  them 
was  the  source  of  power  for  operating  the  motors.  The  power 
companies  had  not,  at  that  time,  signified  their  willingness  to  build 
the  necessary  transmission  lines  in  order  to  make  central  station 
power  available,  and  the  loggers  were  not  willing  to  stand  the  in- 
vestment of  a  power  plant  for  their  individual  operations,  in  view 
of  the  fact  that  electric  logging  is  in  its  experimnetal  stage. 

Within  the  past  year  the  power  companies  have  realized  the 
desirability  of  obtaining  a  power  load  on  their  lines,  such  as  the 
logging  industry  offers,  and  have  agreed  to  cooperate  with  certain 
electrical  manufacturing  companies  in  demonstrating  the  practic- 
ability of  superceding  the  steam  engines  by  electric  motors.     The 
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equipiiK'ut  will  1)l-  especially  designed  for  ihis  work  as  llic  result 
of  a  study  made  by  engineers  of  the  actual  operating  conditions  in 
numerous  logging  camps  in  the  West.  It  is  expected  that  when 
this  electric  logging  motor  is  placed  in  operation,  with  the  power 
supplied  by  a  central  station,  the  results  will  demonstrate  that  the 
electric  motor  can  do  all  that  the  present  steam  engine  is  doing 
and  some  additional  things  besides. 

The  principal  advantages  to  be  obtained  by  the  use  of  motors 
are  as  follows  : — 

I — Decrease  of  damage  done  by  forest  fires.  It  has  been  estimated  tbat 
at  least  seventy-five  percent  of  these  fires  arc  started  by  sparks  from 
donkey  engine  boilers  and  locomotives, 

2 — Elimination  of  burning  good  fuel  under  donkey  boilers  and  saving  the 
time  consumed  in  hauling  in  logs  for  fuel.  Each  steam  equipment  will 
'burn  up  from  eight  to  fifteen  dollars  worth  of  marketa'ble  timber  per 
day. 

3 — With  an  electric  motor  only  one  operator  will  be  required.  With  a 
steam  equipment,  at  least  two  men  and  often  as  many  as 'five  are  re- 
quired for  sawing  and  splitting  wood,  firing  the  boiler,  and  operating 
tlie  cal>le  drums. 

4 — No  delays  will  be  occasioned  on  a  long  or  severe  haul  due  to  insuffi- 
cient steam  pressure;  also  the  motor  is  always  ready  for  immediate 
operation  at  any  time. 

There  are  other  advantages  such  as  decreased  maintenance,  in- 
creased reliability  and  ease  of  operation,  .etc.,  which  no  doiibt  will 
have  much  weight  in  helping  to  malTe  the  electric  logging  motor  an 
attractive  proposition. 

The  following  brief  description  of  the  logging  industry  out- 
lines the  various  methods  used  for  hauling  the  logs  from  the  place 
where  the  timber  is  felled  to  where  it  is  loaded  on  the  cars  for  trans- 
portation to  the  saw  mills. 

rOL.«;oX     LOGGING    COMPANY,     IlonllAM,     WASHINGTON 

The  poison  Logging  Company,  located  in  the  western  section 
of  Washington,  is  considered  to  be  one  of  the  largest  loggers  oi 
fir  timber  in  the  West.  The  supply  of  timber  which  they  now 
control  is  sufficient  to  last  fifty  years  at  the  present  rate  of  logging. 
Kight  separate  logging  camps  are  being  operated,  each  employing 
over  one  hundred  men.  Camps  are  grouj)ed  around  a  main  head- 
quarters, about  four  miles  apart,  covering  an  area  of  approxi- 
mately twelve  miles  square.  Forty-eight  logging  donkeys  of  various 
sizes  and  manufacture  are  in  use.  operating  umler  three  distinct  con- 
ditions, i.  e.,  yarding,  roading  and  loading. 
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Yarding  Donkeys  consisting  of  two  simple,  double  acting  en- 
gines, varying  in  size  in  these  camps  from  12  by  12  in.  to  12  by  14 
in.  cylinders,  and  of  approximately  250  brake  horse-power,  are 
used  for  hauling  the  logs  from  the  place  where  the  trees  are  felled 
to  a  point  near  the  yarder.  A  five-eighths  inch  steel  trip  line  is 
run  from  the  secondary  drum  of  the  donkey,  looped  around  a  sec- 
tion of  timber  to  be  logged  of¥,  wdiich  may  be  one-quarter  of  a  mile 
square,  and  the  end  brought  back  to  the  donkey.  The  main  line 
consisting  of  a  steel  cable  i/4  to  lyi  inches  in  diameter  is  attached 
to  the  trip  line,  which  is  then  hauled  in,  pulling  the  main  line  out 
into  the  woods.     The  main  cable  is  then  attached  to  the  log  to  be 


FIG.   I- — YARDING  A  FIR  LOG  5  FEET  IN   DIAMETER  BY  40  FEET  LONG 

Note  the  trench  made  by  the  log  plowing  through  the  ground. 

hauled  in  by  means  of  a  choker  hook,  to  which  is  also  attached  the 
trip  line,  which  returns  with  the  main  cable  when  the  log  is  hauled 
in  and  is  then  available  for  hauling  the  main  cable  out  into  the 
woods  again. 

The  Roading  Operations  are  performed  by  the  use  of  two  and 
sometimes  three  donkeys,  working  in  relays,  depending  upon  the 
length  of  haul,  the  average  distance  being  about  2  000  feet.  A 
skid  way  is  built  from  the  yarding  donkeys  to  the  loading  sta- 
tions, consisting  of  three  logs  per  section,  arranged  "V"  shaped,  one 
buried  in  the  ground  about  half  way  and  one  on  each  side,  which 
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form  a  i^roo\c  in  which  the  logs  are  hauled.  This  possesses 
the  advantage  of  keeping  the  logs  to  be  hauled  in  a  definite  path, 
and  enables  the  liauling  to  be  done  with  less  power  consumption. 
The  donkeys  for  this  duty  vary  in  sizes  from  10  by  10  in.  to  10  by 
ij  in.  twin  engines  of  approximately  150  brake  horse-power. 

In  roading,  the  main  cable  is  fastened  to  the  logs  which  have 
been  hauled  in  by  the  yarder,  hauled  to  the  first  roader  which  is 
called  a  "swing  donkey,"  where  the  cable  is  unhooked  from  the 
choker.     A  cable  from  the  second  roading  donkey  is  then  attached 

to  the  choker  and  the 
hauling  continued  in 
the  same  manner,  from 
one  donkey  to  the  next, 
until  the  loading  point 
is  reached.  The  last 
donkey,  which  is  sta- 
tioned at  the  loading 
jioint,  is  called  the  load- 
ing donkey,  and  all  in- 
termediate donkeys  be- 
tween the  roader  and 
yarder  are  term  c  d 
"swing  donkeys." 

l.oadiiKj  Engines  are 
used  for  picking  up 
logs  at  the  point  where 
they  are  left  by  the 
roarling  donkey  a  n  d 
placing  them  upon  Hat 
cars.  X'arious  means  are 
used  for  raising  the  logs 
consisting  of  swinging 
boom  and  masts,  up- 
right masts,  inclined 
masts,  or  two  ujjright  masts,  one  placed  on  each  side  of  the  rail- 
way track,  with  a  cable  between  them,  to  which  is  attached  the 
figRi'iK'  for  raising  the  logs.  The  engines  for  this  class  ol  work 
are  the  smallest  type  used,  ranging  in  sizes  from  <>  bv  !'«  i"  '" 
\)  by   10  in.   twin  engines. 

Whenever  possible,  the  logs  are  yarded  uj)  hill,  that  is  to  say, 
the  yarding  donkey  is  placed  at   the  top  of  the  hill  and  tiic  logs 


FIG.   2 — ROADING  WORK 

Three  lo^s  are  being  pushed  in  by  the  last 
loK,  to  whicli  the  cable  is  attached.  The  dis- 
tance between  engines  in  this  instance  was 
about  2000  feet. 
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hauled  up.  It  is  claimed  by  this  company  that  a  better  control  of 
the  logs  can  be  maintained  than  when  logging  down  hill,  and  also 
that  the  increased  power  required  is  otTset  by  a  larger  output  and 
less  cable  breakage. 

OPERATING   CONDITIONS 

The   following  discussion   furnishes  an   idea   of   the  operating 

conditions  required  from  two  yarding  ecjuipments. 

Equipment  No.  i. 

One  Puget  Sound  Iron  and  Steel  Works  Yarder.  with  two   12  by  12  in. 
donkeys,  200  r.p.m.,   150  lbs.  pressure,  350  horse-power  rating. 

Main  Line — ifi  in.  steel  cable 
Trip  Line —  Vi  in.  steel  cable 
Yarding — i  000  ft. 

This  yarder  was  operating  under  what  were  considered  a\erage 

conditions   for  this  section  of  the  country.     The  contours  consist 

TABLE  I— CYCLE  OF  OPERATION 


Time  in   Secon 

ds 

I^i  stance 
Moved 

Remarks 

Engine 

Log 

Log 

.operated 

Moved 

Stopped 

5 

feet 

■5 

Taking  up  slack 

12 

12 

0 

Turning    log    around 

m 

line     of     direction 

ot 

pull 

55 

Adjusting  cb.oker 

57 

55 

100 
125 

100 

Stuck 

23 

20 

50 

5 

50 

Stuck 

37 

35 

145 

60 

Stuck 

3-^ 

30 

50 

50 

Stuck 

17 

15 

145 

50 

Stuck 

17 

15 

50 

5 

70 

Stuck 

5 

55 

Stuck 

5 

90 

Stuck 

25 

20 

40 

70 

Stuck 

185 

170 

600 

Total 

of  hills  and  valleys,  with  a  difference  in  elevation  of  about  350  ft. 
The  hauling  was  made  up  grade  as  follows : — 

550   ft 18  percent  grade 

300  ft 58  percent  grade 

100  ft 17s  percent  grade 

50   ft 10  percent  grade 

The  cycle  of  operation  for  hauling  a  fir  log,  four  feet  in  dia- 
meter by  32  feet  long,  approximate  weight,  15000  pounds,  is  given 
in  Table  I.     The  first  400  feet  of  hauling  was  on  comparatively  level 
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ground,  but  presented  many  obstacles  in  the  way  of  stumps  and 
torn  up  earth. 

r'nginc    in    ni)cration 7  min.   15  seconds 

Total  length  of  time  log  was  in  motion 6  min.  22  seconds 

Total  length  of  time  log  was  stopped 13  min.  30  seconds 

Total   time-hauling   in _'i  min.  52  seconds 

Hauling  back  trip  line i  min.  55  seconds 

Hooking    log 5  min.     o  seconds 

Unhooked    log    2  min.  50  seconds 

Total  time    for  complete  operation 31  min.  37  seconds 

Maximum  line  speed  ft.  per  min 200 

Average  line  speed  ft.  per  min 157 

Equipment  No.  2. 

Same  equipment  and  location  a.«;  in  Note  No.  I. 
Size  log — 5  ft.  diameter  by  40  ft.  long. 
Approximate  weight — 29000  pounds. 

The  log  was  i  ocx)  feet  from  yarder  and  laying  at  right  angles 
to  the  line  of  haul.  The  choker  was  attached  and  the  log  turned 
around,  when  it  stuck  for  the  first  time.  For  a  distance  of  550 
feet,  hauling  was  accomplished  by  a  succession  of  short  pulls,  re- 
quiring 15  minutes  for  this  part  of  the  operation.  After  traveling 
550  feet  the  engines  were  completely  stalled.  It  was  then  necessary 
to  use  a  single  block  for  the  remaining  distance,  requiring  45  min- 
utes to  finish  the  haul.  The  total  time  consumed  from  the  time 
the  log  was  turned  around  until  the  haul  was  finished  was  one  hour. 

The  hauling  in  drum  of  the  donkey  had  a  capacity  of  i  500  feet 
of  i-)^  in.  line,  and  was  about  two-thirds  filled  when  engines  were 
stalled.  1 1  was  the  opinion  of  the  operating  crew  that  if  the  drum 
had  less  cable  on  it,  the  hauling  could  have  been  accomi)lishe(l 
without  resorting  to  the  use  of  a  block.  The  ma.ximum  piston 
speed  recorded  was  4<So  f(,'et  per  minute. 

i\  230  horse-power  wound  secondary  motor  would  give  ecjually 
as  good,  and  perhaps  better  service  than  the  steam  engine.  It  is 
the  opinion  of  the  writer,  based  princip.illy  upon  his  knowledge  of 
steam  machinery,  that  the  engine,  with  the  single  bl(X'k  arrange- 
ment, was  operating  at  approximately  three-fourths  load.  In  this 
event  a  300  horse-power  motor  would  have  sufhcient  capacity  to 
meet  these  rcc|uircments  without  the  use  of  a  block. 

P.\(  IFir  H'MBF.R  COMIWNV,  S(OTI.\,  CALIFORNI.X 

The  Pacific  Lumber  Comi)any  are  extensive  loggers  and  saw 
mill  o[)erators  of  redwood  titiiber.  Their  saw  mills  are  located  at 
Scotia.  Humboldt  County,  which  is  also  the  general  headquarters 
for  the  l<»gging  operations.    Six  logging  camps  are  operated,  the 
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nearest  one  being  3  miles  and  the  farthest  one,  27  miles  from  the 
saw  mills.  Seven  hundred  thousand  feet  of  timber  are  logged  per 
day  by  the  six  camps,  the  average  number  of  logs  per  day  being 
I  200  for  the  month  of  September,  1912,  and  the  average  size  log 
being  but  a  trifle  over  two  feet  in  diameter.  The  largest  log  was 
10  feet  in  diameter  by  20  feet  long,  which  is  the  largest  size  that, 
can  be  cut  in  their  saw  mill.  All  logs  over  10  feet  in  diameter  are 
split  with  powder,  usually  in  four  sections.  This  procedure  con- 
sequently results  in  a  great  waste  of  timber,  as  it  is  necessary  to 
square  up  these  sections  at  the  saw  mill. 


FIG.   3 — LOADING  THE  LOGS   ON    CARS 

Usually  three  logs  are  loaded  on  one  car. 

Logging  donkeys  operating  at  loading  stations  are  supplied 
with  slab  wood  brought  from  the  saw  mills  at  a  slight  reduction 
in  cost  over  sawing  and  splitting  logs  for  fuel  on  the  grounds.  No 
particular  trouble  is  experienced  in  burning  redwood  under  the 
boilers. 

Logs  were  yarded  down  hill  wherever  possible.  This  was 
done  in  order  to  effect  a  saving  in  power.  The  logs  were  guided 
to  a  certain  extent  by  using  large  pulley  blocks  located  wherever 
a  change  in  direction  of  haul  was  made.     As  the  hauls  were,  for 
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the  most  part,  very  long,  it  was  necessary  to  have  a  man  stationed 
at  each  block  to  unhook  the  main  line  from  the  choker,  pass  the 
cable  through  the  block  and  hook  onto  the  choker  again.  This,  of 
course,  made  it  necessary  to  stop  the  log  each  time,  while  this 
change  was  being  made. 

For  signaling  to  the  engineer,  a  single  stroke  gong  operated  by 
dry  batteries  was  used.  Two  bare  wires  are  carried  over  the  course 
operated  by  the  donkey,  and  the  signaling  made  by  short-circuiting 

the  wires.  That  the 
operator  in  the  woods 
may  know  that  the  sig- 
nal has  been  received, 
the  corresponding  sig- 
nal was  answered  with 
the  whistle.  No  trouble 
has  resulted  from  the 
use  of  electric  gongs 
and  they  have  the  ad- 
\antage  of  being  much 
easier  -  to  operate  than 
a  whistle  wire. 

-At  the  present  rate 
of  cutting,  this  com- 
pany has  a  supply  of 
timber  on  hand  sufti- 
ciciit  to  last  one  hund- 
red  years. 

r.)TL.\TCII    LL'MIIEK  CO.M- 
I'A.W.  I'OTL.\TCH.  IIXMIO 


The   I'otlatch  Lumber 


rU..    4 — irNLO.XDING    LOG.S    IN    A    TOM)    NE.\k    THL 
SAW    MILL 

From  this  point  they  are  floated  to  the  log 

carriage  which  conveys   them  into  tlie  mill  for      Companv  of  Idaho  have 

.'rawing. 

ni  operation  two  sys- 
tems of  logging — the  ALcFarlane  sky  line,  and  a  continuous  ca- 
ble system  of  their  own  design,  which  is  also  an  overhead  system. 
The  trees  in  this  section  of  the  country  are  mostly  pine,  the  logs 
varying  from  lo  to  30  inches  in  diameter,  and  from  20  to  40  feet 
long.  A  roadway  approximately  50  feet  wide  is  cleared  through  a 
.section  to  be  logged  off.  A  i  'j-inch  steel  cable  is  run  out  from  the 
donkey,  looped  at  the  far  end,  brought  back  and  secured  to  a  tree 
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at  the  landing  place.  Supports  for  the  cable  are  erected,  the  cable 
being  placed  in  straps  or  hangers  constructed  in  such  a  manner  as 
not  to  interfere  with  a  grooved  wlieel  trolley,  which  rides  on  the 
upper  side  of  the  cable.  The  supports  vary  in  height  from  five 
feet  on  the  top  of  the  hills  to  50  feet  in  the  valleys  and  are  from 
300  to  700  feet  apart.  The  log  carriage  consists  of  a  deep  grooved 
wheel,  12  inches  in  diameter,  and  held  in  place  by  the  downward 
weight  of  the  rigging. 


FIG.   S — A   ROAD  OR   SKID-WAY   DOWN   WHICH   LOGS  ARE   HAULED  TO 
A   RAILWAY   LANDING 

An  endless  cable,  one-half  inch  in  diameter,  passes  over  the 
drums  on  the  donkey  and  extends  over  the  same  territory  as  the 
large  cable  and  directly  under  it.  This  cable  is  placed  in  grooved 
pulleys  attached  to  the  same  supports  as  the  main  cable,  and  trav- 
els at  a  speed  of  about  500  feet  per  minute,  operating  continuously 
during  working  hours.  The  log  carriage  is  attached  to  the  endless 
cable  by  a  clamp  which  permits  it  being  fastened  and  unfastened 
while  running.     The  log  carriages  are  operated  in  pairs,  one  car- 
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riage  being  required  for  each  end  of  the  log.     The  pairs  are  kept 
an  average  distance  of  200  feet  apart. 

The  carriages  arc  phiced  on  the  main  cable  at  the  unloading 
point  and  attached  to  the  endless  cable  which  pulls  them  out  into 
the  woods.  At  a  landing  place  along  the  route,  two  of  the  carriages 
are  unhooked  and  taken  oft"  the  outgoing  main  cable  and  placed  on 
the  return  main  cable.  The  log  chains  on  the  carriage  are  attached 
to  the  log  or  logs,  as  the  case  may  be,  the  clamp  attached  to  the 


FIG.   6 — .\    YARDING   DONKKY 

TIlis  engine  rc(|uircs  tlic  services  of  five  men  continuously — 
one  engineer,  one  fireman,  and  three  wood  choppers. 

hauling  in  or  endless  cal)lc.  and  the  logs  convcxed  to  the  unloading 
point. 

The  system  as  above  described,  extends  into  the  forest  a  dis- 
tance of  6000  feet,  passing  over  six  hills  from  Tpo  to  5CK1  feet  high. 
The  largest  single  log  hauled  was  30  inches  in  diameter  by  2>^  ^^^ 
long.  (Juite  fre(|uently  two  and  three  logs  from  12  to  iS  inches 
<liaiiRlcr  would  be  hauled  in  at  the  same  time  by  one  set  of  car- 
riages.    Willi  the  system  in  full  operation  and  everything  working 
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smoothly,  there  would  be  approximately  60  logs  enroute  continu- 
ously. A  Willamete  roader,  with  two  11  by  13  in.  engines,  140 
lbs.  pressure,  was  used  for  driving  the  drum  containing  the  end- 
less cable. 

At  the  unloading  point  for  the  endless  cable  system,  a  derrick 
was  used  for  picking  up  the  logs  and  placing  them  on  cars.  The 
object  of  unloading  the  logs  and  again  picking  them  up  is  to  make 
the  proper  selection  for  loading  the  cars  to  the  best  advantage.  A 
Willamette  hoisting  engine,  with  two  6)4  by  10  in.  cylinders,  140 
lbs.  pressure,  is  used  for  this  duty. 

At  another  point  of  the  logging  operations  of  this  company, 
the  McFarlane  sky  line  system  is  in  operation.  Logs  are  being 
hauled  a  distance  of  i  500  feet.  A  center  support  is  used  in  this 
case,  dividing  the  cable  into  two  spans,  the  longest  being  900  feet. 
Two  and  three  logs  are  brought  in  at  one  time.  The  main  line 
cable  is  one  inch  in  diameter  and  the  hauling  in  cable  ?s  inch  in 
diameter.    The  cycle  of  operation  was  as  follows  :— 

Minutes 

Attaching   logs '. 4 

Hauling  in  logs   4 


Unloading    logs 

Hauling  back 2 

Total  time •. . . ;' loYz 

SKY   LINE   SYSTEM 

Another  system  of  logging,  called  "sky  line  logging,"  is  in  use, 
which  consists  of  yarding  the  logs  through  the  air  instead  of  on 
the  ground,  but  differs  essentially  from  the  method  employed  by 
the  Potlatch  Lumber  Company.  A  main  cable  is  suspended  between 
two  trees,  known  as  the  head  spar  tree  and  the  tail  tree,  usually 
from  800  to  2  000  feet  apart,  upon  which  travels  the  log  carriage. 
Two  lines  are  required  for  operating  the  carriage,  one  to  draw  it 
out  into  the  woods,  and  the  other  to  haul  it  in.  The  choker  hook 
is  attached  to  the  log  to  be  hauled  in,  and  then  attached  to  a  ca:ble 
fastened  to  or  passing  through  the  log  carriage.  In  cases  where  the 
choker  line  is  attached  directly  to  the  log  carriage,  the  main  line  is 
lowered  while  securing  the  log;  the  log  being  raised  clear  of  the 
ground  by  taking  up  on  the  main  line. 

Where  the  line  passes  through  the  log  carriage  and  extends 
to  the  donkey,  the  log  is  raised  by  tightening  up  on  this  line.  Usual- 
ly the  choker  is  attached  so  that  one  end  of  the  log  is  elevated  higher 
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than   the  other,  and   the  log  is   raised  until  the  highest  end  clears 
all  obstructions,  such  as  stumps,  fallen  timber,  etc. 

Of  the  various  logging  systems  in  use,  the  method  of  hauling 

the  logs  along  on  the  ground  is  generally  employed./   While  some 

companies  operate  overhead  systems  exclusively,  in,»)e  majority  of 

cases  at  ])rcscnt  they  arc  used  in  conjunction  with  g^iDund  logging. 

ELECTRIC  OPERATION 

An  electrical  equipment  for  replacing  the  steam  engines  and 
boilers  in  the  service  as  described  must  be  very  substantially  con- 


FIG.    7 — OVERHEAD   ENDLESS    CABLE    SYSTEM 

Three  logs  are  attached  to  carriages  ready  to  be  started  in. 
Carriages  are  usually  spaced  200  feet  apart  and  travel  at  500  feet 
per  minute. 

structed  in  order  to  withstand  the  severe  service.  It  is  to  be  ex- 
pected that  the  motors  and  controlling  apparatus  will  not  receive 
the  care  and  attention  usually  given  to  such  apparatus,  hence  it  is 
important  that  the  maintenance  be  reduced  to  a  mininuim.  and  t<> 
accomplish  this  result,  none  but  the  most  reliable  apparatus  is  to 
be  recommended. 

For  this  service  a  heavy  duty,  three-phase,  60  cycle,  440  volt, 
slip  ring  motor  with  pneumatic  control  is  recommended.     Motors 
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of  this  type  are  being  offered  by  manufacturers,  which  are  especially 
suitable  for  severe  intermittent  service,  where  heavy  starting  duty 
is  required.  The  440  volt  windings  are  chosen  in  preference  to 
those  of  the  higher  voltage  in  order  to  obtain  the  advantages  of  in- 
creased reliability  of  the  low  voltage  motor  under  the  severe  operat- 
ing and  weather  conditions  to  which  they  are  necessarily  exposed, 

as  well  as  to  eliminate  the 
possibility  of  endangering 
the  lives  of  the  operators. 

The    pneumatic    control- 
ler   which    seems    likely    to 
give    the    most    satisfactory 
operation     consists      of      a 
group  of  seven  air  operated 
switches     similar    to     those 
which  have   proven   so   suc- 
cessful   in    railway    service. 
Three   of    the   switches    are 
in    the   primary   circuit   and 
four    in    the    secondary    cir- 
cuit,  as   shown  schematical- 
ly in  Fig.  9.     The  speed  of 
the   motor    is   controlled   l)y 
a  master  switch  having  fi\'e 
speed      points.      \\'\i\\      the 
master  switch  in  the  oft"  po- 
sition,   all    of    the    switches 
are  out.    When  it  is  moved 
to   the    first    point    the    pri- 
mary  switches  close,   allow- 
ing   the    motor    to    start    at 
full     load    torque    with     all 
resistance   in   the    rotor   cir. 
cuit.     As       the       controller 
handle     is     advanced,      the 
a     time,     cutting    out     cor- 


FIG.    8 — LOGS    SUSPENDED   FROM    CABLE   BE- 
TWEEN   TWO    HILLS 

The  logs  in  the  background  have,  from 
time  to  time,  come  unhooked  from  log 
carriage  and  fallen  on  the  side  of  the 
hill. 


secondary  switches  close,  one  at 
responding  sections  of  the  resistance.  The  master  controller 
handle  may  be  thrown  directly  to  any  speed  notch,  and  the  motor 
automatically  accelerated  to  the  corresponding  speed.  An  overload 
relay  is  arranged  so  that  in  case  of  an  overload  exceeding  from  two 
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to  two  and  one-hcilf  times  full  load  torque,  as  prcdclcnuincd,  the 
secondary  switches  are  caused  to  drop  out,  limiting  the  current  to 
full  load.  This  arrangement  is  of  special  advantage  in  logging  up 
hill  on  a  slippery  ground.  When  the  log  meets  an  unsurmountable 
obstacle,   such   as   a   large   stump,   in  which   case   very   frequently 

the  log  and  cable  straddle  the 
stump  in  such  a  manner  that 
the  cable  would  be  pulled  in 
two  before  the  log  could  be 
pulled  around,  it  is  essential 
that  a  tension  be  maintained  on 
the  cable  sufficient  to  keep  the 
cable  tight  and  prevent  the  log 
from  rolling  dowMi  hill.  If  the 
Enciosj^l  1 1  log  should  encounter  an  obstacle 
as  above  noted,  the  motor  will 
automatically  come  to  a  stop, 
but  will  continue  to  exert  a  pull 
on  the  cable  exactly  in  the  same 
manner  as  is  done  with  the 
steam  engine.  In  order  t  o 
slacken  the  cable,  the  master 
controller  handle  is  turned  to 
the  "ofY"  position,  causing  the 
primary  switches  to  drop  out, 
disconnecting  the  motor  entirely   from  the  line. 

As  previously  noted,  the  signaling  to  the  men  in  the  woods  is 
done  by  means  of  a  whistle.  With  an  electrical  equipment  the  use 
of  an  air  whistle  wmII  be  required,  as  it  is  necessary  to  signal  to 
the  men,  who  at  times  may  be  a  mile  away.  For  this  purpose  a 
standard  air  compressor,  direct  connected  to  a  small  squirrel  cage 
motor  is  used.  This  compressor  also  furnishes  the  air  for  the 
pneumatic  switches. 
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FIG.   9 — SCHEMATIC   DIAGRAM   OF   LOGGING 
MOTOR    AND    CONTROL    EQUIPMENT 


THE  DESIGN  OF  ELECTRICAL  MACHINES  FOR 
QUIET  OPERATION* 

G.  PONTECORVO 

THE  importance  of  quiet  operation  of  electrical  machinery  in 
general  and  especially  of  motors  for  applications  in  build- 
ings other  than  work  shops  and  factories,  is  making  itself 
more  and  more  felt,  as  the  use  of  electricity  is  spreading  every  day 
and  invading  new  fields.  In  America  this  is  noticed  to  a  greater 
extent  than  in  Europe  as  the  use  of  motors  for  elevator  service  is 
more  extensive,  and  the  small  "general  utility  motor"  for  use  on 
fans  and  sewing  machines,  has  reached  practically  every  home. 
Besides,  the  large  apartment  and  office  buildings  are  today  using 
electric  motors  extensively  for  such  purposes  as  centrifugal  pumps 
for  water  service,  vacuum  cleaners,  floor  scrubbing  machines,  etc. 
To  all  this  must  be  added  the  effect  of  the  type  of  building  con- 
struction prevalent  in  this  country,  such  as  very  high  buildings  hav- 
ing steel  frames  which  carry  the  sounds  through  elevator  and  air 
shaft  from  the  cellar  right  up  to  the  top  of  the  building. 

But  there  are  other  points  which  make  the  design  of  electrical 
machinery  for  quiet  operation  somewhat  more  difficult  in  America 
than  in  Europe.  It  is  for  instance,  practically  impossible  here  to 
sell  alternating  current  motors  for  heavy  service  with  anything  else 
than  open  slots.  This  is  required  in  order  to  make  repairs  to  the 
windings  as  easy  as  possible  so  that  break-downs  will  not  interfere 
for  long  with  the  service.  Other  difficulties  which  are  met  in  the 
design  of  motors  (not  peculiar  to  this  country,  however),  are  the 
necessity  for  using  small  diameters  in  order  to  keep  the  fly  wheel 
effect  as  low  as  possible,  and  the  use  of  light  steel  frames,  which 
is  becoming  every  day  more  prevalent. 

It  is  necessary  to  note  that  exact  definitions  and  comparisons 
of  different  noises  are  extremely  difficult.  The  human  sense  of 
hearing  is  very  unreliable  and  scientific  methods  are  of  difficult 
practical  use.  Besides  it  is  well  to  remember  that  experiments  car- 
ried out  by  designers  in  a  large  manufacturing  plant  are  often  made 
under  somewhat  unfavorable  conditions  as  the  time  for  experiment- 
ing is  often  very  limited.  The  company  with  which  the  writer  is 
connected  has  built,  in  the  testing  department  for  industrial  motors, 
a  special  "noise  proof  room"  for  the  purpose  of  testing  machines 
under    absolute    quiet    and    without  interference  from  extraneous 


*This  article  was  published  in  the  Elec.  Zeit.  of  May  iS,  igii- 
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noises.  This  has  rendered  easier  the  task  of  judging  wiiether  the 
noise  of  a  machine  is  objectionable  or  not.  Experiments  were  also 
carried  out  with  graphophones  and  musical  instruments  in  order 
to  compare  noises,  but  without  greater  success  than  obtained  with 
the  use  of  the  human  ear. 

All  the  different  noises  produced  by  electrical  machines  can  be 
broadly  classified  as  magnetic  noise,  current  noise  and  windage 
noise.  These  three  types  of  noises  can  be  again  classified  into  two 
main  classes,  viz:  noises  which  are  objectionable  and  noises  which 
are  not  objectionable.  (  \'ery  few  machines  can  be  called  noiseless 
in  the  exact  meaning  of  the  word):  The  above  mentioned  classifi- 
cations are  all  the  electrical  designer  has  to  contend  with  in  design- 
ing a  commercial  machine.  A  definition  of  each  of  these  different 
types  of  noises,  their  origins  and  remedies,  may  be  of  interest. 

MAGNETIC    NOISE 

The  expression  "magnetic  noise"  is  very  wide  and  goes  from 
a  very  faint  hum  to  a  noise  of  very  high  pitch  as  high  as  the  highest 
Binding  w,r^  uotcs  iu  tlic  uiusical  scale.    The 

Insulation  writcr    rccollects    the    case     of 

T-Wooden  Blocks  •       i         .  •  ,  j         • 

Bars  an    mduction    motor    producmg 


noises  of   such   high   pitch   that 
it    could    be    heard    above    all 

ntj.    I— MKTHou  OF   SMOOTHING  THK     ^Iic     uoises     of    a     Very     noisy 
THE  SURFACE  OF  BARS  ON  A  sQLiR-      factory     as     clearly     as     if     it 

REL-CAGE   ROTOR,  TO  OVERCOME   WIND-  r       ..i  •    ^        i 

AGE  NOISE  were  m  a  perfectly  quiet  place. 

In  the  majority  of  cases,  the 
magnetic  noise  is  objectionable  as  it  is  in  general  of  a  very  high 
pitch  and  carries  very  far ;  it  is.  besides,  the  most  difficult  to  fore- 
see and  overcome  when  designing  a  machine.  It  is  due  to  the  vi- 
bration of  the  laminated  iron  of  the  magnetic  circuit.  This  vibra- 
tion is  set  up  by  a  pulsating  field  having  high  frequency  and  acts 
in  a  radial  directidii :  tliat  is,  normal  to  the  .^haft  of  the  machine. 

CURKKNT    NOI.SK 

This  noise  is  of  an  entirely  different  nature  from  the  preced- 
ing one  and  it  is  generally  accompanied  by  a  vibration  of  the  ma- 
chine. It  is  due  to  the  lack  of  electrical  or  magnetic  symmetry 
and  can  be  distinguished  by  its  low  pitch.  Sometimes  it  .sounds 
low  and  deep  like  a  growl,  nenerally  speaking,  however,  it  is  not 
as  objectionable  to  the  human  senses  as  the  magnetic  noise,  and  it 
is  easier'  to  foresee,  or  to  overcome  once  the  macliinc  is  built.     It 
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is  louder  at  starting  under  load  and  differs  from  the  magnetic  and 
windage  noises  in  that,  while  the  other  two  noises  are  practically 
constant  at  no  load  and  full  load,  the  current  noise  increases  with 
the  load  and  is  often  negligible  at  no  load. 

WINDAGE    NOISE 

This  is  of  two  entirely  different  kinds ;  one  due  to  the  large 
volumes  of  air  displaced  by  the  blowers  or  fan  blades  of  the  ro- 
tating part,  and  going  out  at  high  speed  through  the  openings  of 
the  frame  and  brackets.  It  is  of  low  pitch  and  generally  not  ob- 
jectionable. It  is,  however,  getting  more  common  every  day  as 
the  ventilation  of  electric  machines  is  increasing  all  the  time.  An- 
other kind  is  peculiar  to  induction  motors,  especially  the  squirrel 
cage  type,  run  at  high  peripheral  speed.  It  is  produced  by  air 
passing  through  the  bars  at  both  ends  of  the  rotor  and  through  the 

A  A 


FIGS.    2,    3    AND    4 — WINDING    DIAGRAMS    OF    THREE-PHASE,    FOUR-POLE    ALTER- 
NATING  CURRENT    MACHINES 

Showing  equalizing  connections  for  three  schemes  of  connection  of  a 
two  parallel,  star  winding.  For  simplicity,  connections  for  one  phase  only 
are  shown.     *  indicates  neutral  points. 

stator  coils  or  from  the  rotor  into  the  stator  air  ducts.  It  is  a 
whistling  noise  of  high  pitch  similar  to  the  magnetic  noises  and 
very  objectionable;  it  can  be  distinguished  from  the  magnetic  noises 
by  suddenly  switching  oft'  the  current  when  the  motor  is  running. 

METHODS    OF    OVERCOMING    WINDAGE    NOISE 

Both  of  these  windage  noises  are  comparatively  easy  to  over- 
come ;  the  first,  by  enclosing  brackets  and  when  possible  by  reducing 
the  size  and  number  of  blowers,  or  by  some  other  mechanical  device ; 
the  second,  by  smoothing  the  surface  of  the  bars,  as  shown  in 
Fig.  I,  and  by  closing  the  air  ducts  in  the  rotor  either  on  the  in- 
side or  outside  surface  by  means  of  fullerboard  strips. 

METHODS    OF    OVERCOMING    CURRENT    NOISE 

The  means  of  overcoming  current  noises  are  various.  They 
consist  in  getting  perfect  symmetry  and  balance  both  mechanically 
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and  electrically.  Mechanically,  this  is  obtained  by  accurate  manu- 
facturing and  balancing  of  the  rotating  parts,  by  careful  centering 
of  stators  and  rotors  and  accurate  machining  of  the  poles  on  sali- 
ent pole  machines.  On  machines  with  small  air  gap  the  grinding 
of  rotor  and  stator  to  make  the  gap  equal  all  around  is  also  neces- 
sary in  some  cases  to  avoid  noises  and  vibration.  Electrical  sym- 
metry is  obtained  by  having  a  symmetrical  and  balanced  winding; 
for  instance,  an  equal  number  of  slots  per  pole  and  per  phase  on 
alternating  current  machines ;  on  direct  current  machines  .with  six 
poles,  series  multiple  winditig  (four  i)arallel)  should  be  avoided. 
If,  however,  on  account  of  design  or  manufacture,  the  ma- 
chine is  not  quite  symmetrical  or  balanced  electrically,  the  noise 
and  vibration  can  sometimes  be  overcome  by  equalizing  connec- 
tions.    The  method  of  making  these  connections  is  well  known  as 

far  as  dirct  current 
hiachines  are  concern- 
ed ;  on  alternating  cur- 
rent machines,  how- 
ever, it  can  be  done  in 
many  diiTerent  ways, 
some  of  which  are  not 
at  all  effective.  Figs. 
2,  3  and  4  show  three 
satisfactory  ways  o  f 
using  equalizing  coimections  on  three-phase,  four  pole  motors. 
The  most  effective  of  these  is  that  shown  in  Fig.  3.  This  becomes 
more  evident  with  a  larger  number  of  poles. 

To  obtain  electrical  symmetry  and  reduce  noise  and  vibration 
on  polyphase  motors,  changing  the  number  of  phases  on  the  rotor 
is  very  effective.  The  following  two  cases  are  characteristic,  the 
two  induction  motors  in  this  case  behaving  in  a  very  similar  man- 
ner. They  were  very  quiet  running  at  no  load  but  with  an  in- 
creased load  they  began  to  vibrate  and  make  noise.  The  motor 
characteristics  were  as  follows : — 

No.  I — 900  H.P..  50  cycle,  12  pole,  500  r.p.in. 
Primary,  thrcc-pliase,  144  slots,  star  connected. 
Secondary.  102  slot  wave  winding,  delta  connected. 
No.  2--100  H.I'..  50  cycle,  16  pole,  375  r.p  ni. 
Primary,  three-phase,  144  slots,  star  connected. 
Sicondary,  160  slot,  wave  wiiulintj.  star  conectcd. 
The  large  motor  c(,>uld  not  he  loaded  more  than  up  lo  <.ne-liall 

load  without  danger  of  damaging  the  machine  on  account  of  the 

high  vibration.     I'y  siiuply  changing  the  connections  of  the  motor 


FIGS.  5  .\ND  6 — MKTHOU  01"  CH.\NG1NG  WOUND  SEC- 
ONDARY OF  AN  INDUCTION  MOTOR  FROM  THREE- 
PHASE    TO    TWO-PHASE   TO    REDUCE    VIBRATION 
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from  three  phase,  Fig.  5,  to  two  phase,  Fig.  6,  (not  changing  .the 
number  of  collector  rings)  the  motors  ran  quite  smoothly.  Evi- 
dently this  is  due  to  the  fact  that  the  two  phase  connection  on  the 
12  pole,  192  volts  and  16  pole  and  160  volts  gives  a  balanced  and 
symmetrical  winding.  Another  remedy  is  to  increase  the  air  gap, 
Still  another  one,  which  is  not  of  great  practical  value,  however^  is 
to  supply  the  rotating  part  with  current  and  short-circuit  the  stator. 

METHODS    OF    ON'ERCOMING    MAGNETIC    NOISE 

The  most  important  of  all  noises  is  the  "magnetic  noise."  It 
is  due,  as  already  stated,  to  a  high  frequency  vibration  set.  up  in 
the  magnetic  circuit,  (stator  and  rotor).  It  is  a  function  of  the 
frequency  and  density  of  flux  and  depends  on  the  shape,  dimen- 
sions and  characteristics  of  the  magnetic  circuit. 

On  direct  current  machines  various  rules  and  formulae  have 
been  given  to  prevent  noises.     However,  investigations  carried  out 

on    direct    current    ma- 


chines recently  built  and 
carefully  tested  for 
noises  in  the  "noise 
proof  room"  mentioned 


90» 


'i  f\[nJV      fLTTj]    above,    have    not    been 

\^_ _^^    successful    in    obtaining 

FIG.  7  FIG.  8  any     lixed    rule.s.     The 

Fig.  7— The  correct  pole-tip  shape  and  its  re-   only  result  derived  from 
lation  to  pole  face  curvature  for  noiseless  oper-     ,  .  ,.        . 

ation.  these    investigations    is. 

Fig.    8— One    slot    leaving    the    pole    area    as   that    in    order    to   obtain 
another   enters   it;    this    relation    nearly    always  ■  ,  .  . 

produces   a  noisy  motor.  '  '      q  l-l  l  c  t      macnilies,      tne 

shape  of  the  poles 
should  be  tangent  to  the  circuit  and  well  rounded  at  the 
corners  as  in  Fig.  7.  The  air  gap  should  be  large  and  the 
rotor  .should  have  at  least  1.6  slots  per  inch  of  periphery.  An- 
other rule  derived  from  this  investigation,  but  which  is  not  a  posi- 
tive rule,  is  that  if,  by  plotting  the  slots  under  the  pole  as  in  Fig.  8, 
it  is  found  that  one  slot  is  leaving  the  pole  when  another  is  entering 
the  pole  area,  the  machine  is  almost  sure  to  be  noisy.  This  tends 
to  show  that  the  noise  is  due  to  the  vibration  set  up  by  the  flux 
at  the  two  sides  of  the  pole.  The  converse  of  this  rule,  however, 
is  not  always  true.  , 

The  magnetic  noise  proper  does  not  vary  much  from  no  load 
to   full  load.     As   stated,   it   depends  on   frequency  and  it  will  be 
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found  that  for  the  same  density  of  flux,  number  of  poles,  etc.,  6fj 
cycle  machines  are  considerably  n(Msier  than  25  cycle  machines. 
(Very  few  25  cycle  machines  liavc  been  found  by  the  writer  to 
be  very  noisy,  even  those  having  open  slots  in  the  stator  and  rotc^r 
and  no  magnetic  wedges.)  The  density  of  flux  on  machines  built 
for  quiet  operation  should  be  kept  rather  low;  80000  lines  i)er 
square  inch  in  the  teeth  is  a  comparati\ely  high  figure.  Alterna- 
ting current  motors,  like  direct  current  machinery,  must  have  a 
very  large  number  of  slots,  and  no  Ic.ss  than  three  slots  per  pole 
and  per  phase  should  be  used  either  in  the  stator  or  in  the  rot<jr. 
The   imi)ortance   of    field    form    in    connection    with    magnetic 
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FIG.    9 
FIG.    9 — AXALVSIS   OF   FIELD    FORM    V.\RI.\T10N 

For  different  coil  positions  with  a  full  pole  pitch  winding,  showing  the 
effects  at  three  different  instants  in  the  cycle  as  the  field  rotates. 

(a)  Phase   .\  =  cos   90°.     B  =  cos   30°.     C  =  cos   30°. 

(b)  Phase   A  =  cos  60°.     B  =^  cos     0°.     C  =  cos  60°. 

(c)  Phase  A  =  cos  75°.     B  =  cos   15°.     C  =  cos    45°. 

The  dotted  curves  represent  the  field  form  due  to  the  respective  phases 
at  a  given  instant.  The  full  line  represents  the  resultant  field  form  at  that 
instant. 

FIG.    10— SIMII..\R    ANALYSIS   TO   THAT    SHOW.V    IN    FIG.   Q 

Hxcept  tliat  the  coil  throw  is  83.3  percent  of  the  pole  pitch. 

noises  can  easily  be  seen  from  the  curves  in  Figs.  9,10,  11.  i- 
and  13,  and  it  has  been  confirmed  by  experiments.  Figs.  9  and  ii 
show  the  field  form  on  a  three-phase  induction  motor,  wounrl  with 
full  pole  pitch  and  Figs.  10  and  12  on  a  motor  wound  with  ^t^.}, 
percent  of  full  pole  pitch.  The  maximum  variation,  A  to  B.  Figs. 
To  and  II.  determines  the  noise.  By  reducing  that  variation  the 
noise  is  considerablv  reduced  and  this  can  be  easily  accomplished 
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l)y  properly  .selecting  the  throw  when  designing  the  nuicliine.     iMg. 
13  indicates  the  \ntc\\  for  which  this  variation  is  a  minimum. 

A  great  help  in  reducing  the  noise  on  machines  with  open  and 
wide  slots  is  the  use  of  properly  designed  magnetic  wedges.    They 
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FIGS.    II   AND   12 — FIELD  FORM   CURVES 

These  curves  indicate  tlie  effect  of  "tlirow"  on  field  form  varia- 
tion. The  curves  {A)  (B)  and  (C),  Figs.  11  and  12  are  the  re- 
sultant curves  in  (A)  (B)  and  (C),  Figs.  9  and  10,  respectively, 
superimposed  for  ready  comparison.  The  magnetic  noise  is  de- 
termined by  the  maximum  variation  of  field  form  (indicated  in  this 
case  by  the  variation  between  (A)  and  (  B). 

reduce  the  intensity  of  the  noise  making  it  less  objectionable,  by 
acting  as  a  muffler.  The  skewing  of  slots  of  the  rotating  part  is 
also  of  advantage  and  the  reason  is  obvious,  but  the  skewing  .should 
not  be  too  great.     The  amount  of  skewing  depends,  of  course,  on 
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FIG.  13 — CURVE  SHOWING  RELATION  IN  PERCENT  BE- 
TWEEN PITCH  AND  VARIATION  OF  FIELD  FORM 
AREA 

Full  pole  pitch  is  loo  percent  pitch  and  the  area 
of  the  corresponding  field  form  is  lOO  percent 
area. 

the  primary  and  secondary  slot  pitch  and  last  but  not  least,  on 
the  mechanical  construction  and  dimensions  of  the  rotor.  A  very 
clear  idea  of  the  current  and  magnetic  noises  can  be  had  from  the 
tabulation  of   extensive   experiments   carried  out   on  large   eleva- 
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tor  motors  for  quiet  operation,  in  Table  I.  This  table  may  give 
an  idea  of  the  difficulties  encountered  in  the  designing  of  noise- 
less motors  when  using  open  slots  and  a  rotor  of  small  diameter. 
If,  besides,  we  take  into  consideration  the  fact  that  a  motor  with 
(90  +  71  =  161)  slots,  has  practically  the  same  performance, 
(torque  and  efficiency)  as  a  machine  with  (120  +  90=)  210  slots, 
it  will  be  seen  that  the  quiet  motor  is  considerably  more  expensive, 
as  the  cost  is  a  function  of  the  number  of  slots. 

TABLE   I— RESULTS  OF  EXPERIMEXTIXG   ON   35    HP.  60   CY- 
CLE, 3  PHASE.  10  POLE,  440  VOLT    ELEVATOR    MOTORS 
WITH   WOUND   ROTORS  AND  OPEN  SLOTS 


Primary 
Sluts. 

72 

Secondary 
Slots. 

Noise. 
Low  pitch 

1 
Vibration 

Vibration 

Comments 

109 

Equalizing  connec- 

72 

108 

Low  pitch            1 

Vibration 

tions    did    not 
help   very   much 

90 

109 

Low  pitch 

Vibration 

except  to  reduce 
vibration. 

108 

109 

Very  deep 

Vibration 

Noise  objection- 
able for  elevator 

90 

71 

Low  pitch 

Vibration   . 

service. 

90 

75 

Hijih  pitch  mag- 
netic 

None 

Noise  objection- 
able for  elevator 
service. 

90 

75 

Less  objection- 
able 

None 

With   magnetic 
wedges 

90 

75 

Still     less     ob- 
jectionable 

None 

With  rotor  slots 
skewed 

90 

75 

No    appreciable 
difference  * 

None 

With   cross-con- 
nections 

120 

75 

Hiph  pitch  mag- 
netic noise, 
still    objec- 
tionable   for 
elevator 

None 

With  magnetic 
wedges  and 
skewed  slots 

120 

.84 

Very  slight 
noise 

None 

With   magnetic 
wedges 

120 

90 

None 

None     . 

0.  K. 

*This  was  to  be  expected  from  what  has  been  said  as  to  current  and 
magnetic  noises. 

The  subject  of  noise  in  electrical  machines  has  so  far  been 
very  little  investigated  scientifically,  due,  as  previously  said,  to  prac- 
tical difficulties.  This  article  only  describes  some  of  the  difficulties 
encountered  in  the  designing  of  alternating  current  and  direct  cur- 
rent motors  and  generators  for  quiet  operation.  No  doubt;  other 
cases  may  present  themselves,  but  they  may  all  be  covered  more 
or  less  by  the  classifications  mentioned,  and  remedies  may  be  fouad 
along  the  lines  described. 


SMALL  TOOLS— THE  BASIS  OF  ECONOMIC 
MANUFACTURING^'^ 

W.  J.  KAUP, 

General  Supervisor  Small  Tools, 
Westlnghouse  Electric  &  Mfg.  Company 

"Small  Tools" — those  small,  half- forgotten  and  insignificant  objects 
that  are  taken  as  a  matter  of  course  in  manufacturing.  Let  us  see 
whether  they  are  unimportant  or  whether  it  is  true  that  the  efficiency 
of  the  larger  features  in  a  system  is  dependent  on,  the  efficiency  of 
the  small  tools;  for  no  matter  what  the  organization  may  be  or  aim 
to  be,  no  matter  how  vast  the  scope  of  its  undertakings,  no  matter 
how  modern  the  factory  installation,  back  of  all  are  the  small  tools, 
pieces  of  steel  fashioned  and  worked  into  a  thousand  different  shapes, 
to  turn,  to  bore,  to  mill  and  thus  shape  the  various  parts,  so  that  they 
fit  together  to  form  a  perfect  whole. 

THE  first  knowledge  that  is  needed  before  proceeding  to 
manufacture  any  article  is  the  cost  of  its  production. 
The  selling  price  is  dependent  to  a  considerable  extent  on 
the  cost  of  tool  development,  not  only  to  make  the  article,  but  to 
re-produce  it  in  large  quantities  and  to  maintain  accurate  produc- 
tion over  a  long  period.  However,  before  the  best  type  of  tool  can 
be  determined,  there  must  be  at  hand  definite  information  as  to 
the  demand  for  the  article,  which  may  be  of  two  types: — 

I — It  may  be  a  novelty  that  will  be  sold  in  large  quantities 
when  first  put  out,  but  for  which  the  demand  will  quickly  die 
out.  The  type  of  tools  for  such  a  product  should  be  the  cheap- 
est that  will  produce  the  largest  quantity  for  a  short  period. 
The  cheaper  carbonized  steels  find  their  places  here,  for  punches, 
dies  and  forming  tools,  machine  steel  cutters,  with  not  a  particle 
of  expense  incurred  that  is  not  absolutely  necessary. 

2 — It  may  be  an  article  or  piece  of  apparatus  for  which  the 
demand  will  be  limited  but  permanent ;  that  is,  the  type  of  ap- 
paratus in  varying  design  will  be  needed  over  a  long  period  of 
time,  and,  the  design  and  character  of  the  tool  will  of  necessity 
be  different  and  of  higher  value. 

When  a  new  piece  of  apparatus  is  being  designed,  the  first 
thing  to  be  determined  is  whether  the  design  is  feasible.  To 
determine  this  an  experimental  model  is  made,  following  the 
drawings  as  nearly  as  possible,  but  made  by  hand  and  machine 
shaping,  the  sole  purpose  being  to  prove  that  it  will  work. 
After  completion  it  is  carefully  studied,  with  a  view  of  chang- 
ing the  design  wherever  it  is  found  possible  to  cheapen  manu- 
facture by  the  special  tool  method.     When  all  necessary  changes 
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that  can  be  foreseen  have  been  made,  the  completed  drawings 
are  forwarded  to  the  superintendent  of  the  department  in  which 
the  article  is  to  be  made,  who  in  turn  studies  them  for  the  pur- 
pose of  determining  the  number  and  kinds  of  tools  needed,  and 
these  are  considered  by  him  from  the  standpoint  of  his  installa- 
tion and  the  kinds  of  machine  tools  available,  lie  then  has  an 
estimate  made  of  the  cost  of  the  tools  desired.  In  all  cases  ex- 
cept the  simplest  tools,  these  tools  must  be  designed  and  laid 
out  on  the  drawing  board  before  a  reliable  estimate  can  be  made. 
These  estimates  are  forwarded  to  the  supervisor  of  tools,  whose 
function  it  is  to  study  the  drawings  with  a  view  of  checking 
up  whether  all  the  tools  are  included.  The  original  sheets  are 
then  forwarded  to  the  department  making  the  request,  which 
in  turn  forwards  them  to  the  management  for  approval.  This 
is  all  preliminary  work,  and  as  yet  no  tools  are  ordered,  nor 
will  be,  until  final  executive  approval  is  secured.  On  the  esti- 
mates thus  made  rests  the  life  or  death  of  that  piece  of  appar- 
atus. From  them  is  determined  the  length  of  time  required  to 
get  a  return  for  the  first  cost  of  small  tools,  and  this  time  is 
in  turn  determined  by  the  selling  value  of  the  product. 

Often  too  little  importance  is  attached  to  tool  estimates. 
They  should  be  carefully  considered  and  studied,  taking  into 
consideration  the  possibilities  for  defective  work;  defective  ma- 
terial, which  means  new  parts;  defective  time,  and  by  that  is 
meant  failure  to  keep  promised  dates.  This  last  item  is  more 
serious  than  might  appear,  for  all  subsequent  work  is  based  on 
the  first  date  of  promise  of  the  design  drawing  of  the  small  tool. 
Any  delay  will  of  necessity  be  felt  in  all  departments  through 
which  the  work  must  go,  even  to  the  sales  department,  as  they 
may  have  booked  orders  on  the  strength  of  dates  of  promise. 
To  meet  dates  made  on  the  strength  of  this  first  promise,  ad- 
ditional expense  is  often  incurred  in  over-time,  and  this  invali- 
dates the  original  estimate. 

The  subject  of  tool  estimates  is  one  of  the  utmost  import- 
ance in  small  tool  work.  Estimates  are  ajit  to  run  to  both  ex- 
tremes— too  low.  which  means  loss  of  money  to  the  company, 
and  too  high,  preventing  the  companv  from  making  parts  or 
apj)aratus  on  which  a  ])rofit  might  be  possible.  'I'he  estimating 
department  should  be  composed  of  men  who  are  familiar  with 
machining  operations  of  all  kinds. 

When  the  decision  has  been  made  to  buiM  the  apparatus,  it 
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is  rarely  possible  to  start  work  on  the  tools  at  once,  except 
small  tools  of  standard  design  that  are  common  to  all  work, 
such  as  drills,  reamers,  counterbores,  countersinks,  etc.,  which 
can  be  started  without  delay.  Special  tools  must  be  designed 
on  the  drawing  'board.  Often  this  involves  the  gathering  to- 
gether of  a  mass  of  data  that  would  astound  the  layman. 

The  cost  of  small  tools  forms  an  expense  item  not  charge- 
a'ble  to  the  order  on  which  the  apparatus  is  built.  This  is  es- 
pecially true  of  reproduction  tools,  whose  chief  function  is  in 
no  wise  the  economic  one.  The  jig  and  fixture,  the  punch  and 
die,  and  forming  tool  are  not  primarily  for  cheap  production. 
Their  principal  value  is  inter-changeability  so  that  products  can 
be  marketed  in  all  parts  of  the  world  and  maintained  by  repair 
parts  when  needed,  and  these  parts  must  fit  accurately.  The 
vast  majority  of  those  who  only  brush  up  against  the  product 
of  these  reproduction  tools,  think  that,  when  the  engineering 
department  puts  out  the  finished  drawings  for  a  piece  of  ap- 
paratus, the  tools  just  grow  up  from  these,  whereas  there  is  as 
much  engineering  skill  required  from  this  point  on  as  there  was 
to  bring  the  drawings  of  the  thing  to  be  built  up  to  a  finished 
stage.  It  is  not  the  same  kind  of  engineering,  but  just  as  scien- 
tific, just  as  accurate,  just  as  valuable  an  asset  to  the  manufac- 
turing company  as  the  other.  Yet  it  is  a  fact  that  the  engi- 
neering skill  required  to  design  a  jig  or  fixture,  punch  and  die, 
or  bender,  and  to  lay  out  the  drawings  from  which  the  tools  are 
built,  is  often  not  fully  recognized  as  compared  with  that  required  in 
making  the  drawings  of  the  apparatus  itself. 

The  cardinal  points  in  jig  and  fixture  design  are: — 

I — Accuracy  in  reproduction  of  parts. 

2 — The  time  element  in  handling  the  work.  This  involves 
the  completion  of  the  work  with  one  handling,  if  possible  ; 
also  the  elements  of  quick  clamping,  such  as  for  holdine 
cams,  etc.  The  operations  to  be  followed  must  be  known 
to  the  designer. 

3 — Cheapness  of  construction,  considering  not  only  the  ma- 
terial but  also  the  pattern  work.  This  introduces  the 
possibility  of  making  a  built-up  jig  of  requisite 
strength  and   light   enough   to  'be   easily   handled. 

In  punch  and  die  design,  more  science  and  thought  must 
be  used,  if  possible,  as  the  expense  attached  is  very  much  high- 
er.    The  type  of  apparatus  to  be  built  does  not  always  aid  in 
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(k'tcnniiiint;  llu'  kind  of  die,  wliclhcr  ;i  simple  slol  die  at  a  cost 
anywhere  from  $15  to  $150,  or  a  compound  die  at  from  $150 
to  $600  and  upwards.  The  accuracy  of  the  parts  as  well  as  the 
quantities  used,  are  the  primal  factors.  Where  large  areas  are 
required  wdiich,  if  built  solid,  would  mean  special  frames  with 
enormous  pressures,  even  though  a  shearing  cut  is  possible,  they 
are  built  up  in  segments  of  area  small  cudUgh  to  prevent  shrink- 
age and  change  of  shape  in  hardening. 

Customs  varv  in  regard  to  hard  and  soft  dies  and  .punches. 
There  is  much  ground  for  argument  on  both  sides ;  the  contenders 
for  the  hard  punch  and  die  claiming  greater  accuracy  over  a  longer 
period  of  time,  although  conceding  it  to  be  more  expensive  to  build, 
beCaUse  greater  accuracy  is  required  in  the  fitting  together  of  the 
parts,  while  those  who  contend  for  the  hard  punch  and  soft  die. 
claim  for  it.  cheapness  and  low  upkeep,  inasmuch  as  the  die  can  be 
hammered  u[)  when  needed,  with  little  expense  and  loss  of  time. 

Coming  now  to  materials  of  construction,  the  chief  and 
most  important  is  the  tool  steel  which  goes  into  these  tools, 
for  tool  steel  has  character,  just  as  the  human  being  has,  and 
variations  in  chaiacter  must  be  dealt  with  as  we  deal  with  dif- 
ferent characters  in  individuals.  In  the  last  analysis,  depend- 
ence must  be  placed  on  it  for  the  maximum  output  at  the  least 
cost  of  producti<^n.  This  age  of  rapid  i)r<iducli*>n  has  created 
its  own  definite  demands,  the  chief  of  which  is  for  a  steel  that 
will  allow  faster  cutting  speeds  and  feeds.  A  more  scientific 
knowledge  is  needed  to  handle  these  allov  steels,  and  that 
knowledge   must  embrace  the  constituent   ])arts  of  the  alloy. 

In  the  carbon  steels,  the  percentage  of  carbon  content  only 
is  considered.  The  proper  hardening  temperature  varies  in- 
versely as  the  carbon  percentage,  a  high  carbon  steel  hardening 
at   a  lowtr   temperature   than   a  low   carlx^n   steel. 

In  the  alloy  or  high  speed  steels,  consideration  must  be 
given  to  chemical  action  of  various  elements,  such  as  tungsten, 
molybdenum,  wolfram,  chromium,  manganese,  vanadium.  an<l 
the  last  to  be  put  on  the  market,  cobalt,  for  wliifh  remarkiMi^ 
results  are  claimed. 

Carbon  steel,  and  by  that  is  meant  a  tool  steel  that  is  de- 
pendent only  upon  its  carbon  content  for  hardening,  will  burn 
or  break  beyimd  a  certain  temperature,  say  i7(X)  degrees  F. 
Way  below  this,  however,  is  a  critical  temperature  at  which 
the  best  hardening  results  will  be  obtained.     This  point   is  de- 
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termined  by  means  of  a  small  electric  furnace  pyrometer  couple 
and  reading-  galvanometer.  Small  pieces  of  the  steel  are 
clamped  to  the  ends  of  the  couple  and  the  temperature  rise 
noted  simultaneously  with  the  time  between  readings  of  the 
temperature.  This  curve  on  a  test  case  shows  a  gradual  rise 
up  to  1455  degrees  F.,  when  the  temperature  ceases  to  rise  for 
a  period  of  about  24  seconds.  This  is  called  the  recalescent 
point,  where  the  metal  has  so  many  heat  units,  that  it  cannot 
absorb  quickly  any  more  from  the  furnace,  but  feeds  on  itself 
as  it  were,  adjusting  these  heat  units  within  its  own  body  and 
then  continues  to  rise.  Or  taking  the  metal  out  of  the  furnace 
and  allowing  it  to  cool,  the  temperature  drops  gradually  until 
the  decalescent  point  is  reached,  when  it  fails  to  throw  off  any 
of  its  heat  for  a  number  of  seconds  again,  after  which  the  tem- 
perature continues  to  decrease.  These  two  points  are  import- 
ant. The  recalescent  point  is  the  critical  temperature  at  which 
this  steel  should  'be  hardened.  In  re-hardening,  when  neces- 
sary, these  two  points  mark  the  zone  of  safe  heating  tempera- 
tures. This  is  one  of  the  necessar}^  refinements  in  small  tool 
making.  Each  brand  of  carbon  steel  must  be  treated  in  this 
way  before  attempting  to  treat  tools  made  from  it,  because  each 
tool  turned  out  must  be  capable  of  maintaining  the  same  cut- 
ting speed  and  feed,  else  the  time  limit,  based  on  a  tool  of  high 
efficiency,  could  not  be  maintained.  So  here  again  the  small 
tool  bears  a  definite  relation  to  the  system  of  paying  wages. 
Failure  to  turn  out  tools  of  the  same  temper  and  toughness 
would  mean  failure  to  set  any  standard  for  paying  wages  to  the 
men  and  would  force  a  return  to  the  old  day  rate  system. 

The  temperature  at  which  carbon  steel  is  heated  is  about 
1450  degrees  F.  Hardening  at  this  temperature,  however,  leaves 
the  steel  brittle  and  heat  must  be  putback  into  it  to  reduce  this 
hardness  and  brittleness.  This  is  called  tempering  and  takes 
place  at  about  435  to  450  degrees  F.,  hence,  any  cutting  speed 
that  generates  more  than  450  degrees  F.  reduces  the  hardness. 

On  the  other  hand,  due  to  a  combination  of  the  elements 
in  the  alloy  steels,  and  where  these  elements,  and  not  the  car- 
bon, are  the  hardening  elements,  a  temperature  of  from  2150 
to  2400  degrees  F.  is  needed  to  get  the  elements  in  harmony 
with  each  other,  after  which  they  are  dipped  in  oil  or  cooled  in 
a  blast  of  air,  and  no  drawing  or  tempering  is  required.  With 
this  steel,  the  speed  of  the  metal  being  machined  can  be  doubled 
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and  trebled  without  g'enerating  sufficient  heat  to  break  down 
the  tool.  Often  they  will  keep  on  cutting'  and  doing  efficient 
work  when  the  nose  of  the  tool  is  red  from  the  frictional  heat. 

In  the  small  tool  field,  there  is  another  important  factor  to 
be  considered,  and  that  is  the  use,  or  the  differentiation  between 
carbon  and  high  speed  steels,  i.  e.,  when  to  use  them,  and  here 
again  very  many  factors  enter  to  complicate  matters.  On  ma- 
chines where  increased  speed  is  not  possible,  it  might  be  con- 
sidered a  simple  matter  to  determine  that  carbon  steel  should 
be  used  in  the  tool.  Yet  the  work  may  require  an  accuracy 
that  the  carbon  steel  cutter  could  not  maintain,  due  to  wear  of 
cutting  edgQ.  Furthermore,  repeated  grindings  of  the  cutting 
edges  means  loss  of  time  and  production  which  may  be  elimi- 
nated by  using  high  speed  steel. 

The  difference  in  price  between  carbon  and  high  speed  steel 
is  from  four  to  six  times  and  there  is  also  a  wide  difference  in 
costs  of  high  speed  steel,  from  35  cents  to  $1.00  per  pound.  For 
the  benefit  of  many  who  have  asked  whether  the  luore  expen- 
sive steels  pay.  Table  I  is  given  to  show*  that  it  does.  An  ex- 
treme case  is  assumed  in  which  it  is  shown  that  an  increase 
in  production  of  one  percent  is  all  that  is  necessary  to  warrant 
an    increase   in   tool   steel   cost   of   50  percent.     On   the    face   of 

this  showing,  the  conclusion  might  be  drawn  that  it  would  be 
well  to  discard  carbon  steels  in  small  tool  production  and  use 
only  the  high  priced  steels,  but  higii  speed  steels  will  not  stand 
shock  or  jar  as  do  the  carbon  steels.  Sudden  cooling  is  apt 
to  spell  ruin  to  the  high  speed  drill,  and  every  condition  aris- 
ing must  be  given  analytical  study  because  so  many  things 
hinge  on  the  performance  of  these  tools,  such  as  dates  of  de- 
livery, economic  production,  wage  systems  and  sales.  .All  are 
dependent  on  the  quality  of  the  steel  used  in  small  tools. 

.Another  question  that  is  constantly  arising  is.  "What  to 
buy  outside  and  what  to  make  in  the  plant  ?"  When  the  tool  mak- 
ing department  is  unable  to  meet  the  demands  i)laccd  upon  it.  it  be- 
comes necessary  to  hire  another  manufactory  to  do  the  work.  If 
the  demand  continues  the  question  comes  up,  "Why  not  increase  a 
department  to  meet  the  needs?"  But  are  these  needs  oennanent? 
If  not.  when  dull  times  come  a  large  machine  installation  would  he 
idle,  and  the  maintenance  cost  of  this  increased  installation  mient 
he  much  higher  than  the  increased  cost  of  buving  outside. 

All  of  these  matters  arc  problems  in  the  small  tool  system 
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that  arc  wortli}-  of  the  best  engineering  minds,  and  all  of  the 
points  touched  ni^on  establish  the  fact  that  the  small  tool  is  a 
vital  factor  in  all  that  belongs  to  works  management.     It  will 

TABLE  I— DOES   IT   PAY  TO    USE  THE   HIGHER   PRICED 
HIGH  SPEED  STEELS? 
Example : 

High   Speed  steel,  cost,   per  lb $0-75 

Carbon  steel,  cost,  per  lb 0.50 

Additional  cost  of  high  speed  steel $0.25 

Percentage    increase    0.50 

Cost  of  Operating: 

Machinists   time,   per   hour $0.36 

Overtime,    including    power 0.24 

Cost,    per    hour $0.60 

Cost,   per   10  hour   day 6.00 

Problem : 

Shafts,   per   lathe   per   day 100 

Labor    cost,    each $0.06 

Grinding  waste  per  dav  with   six  grindings.   average   ^^   lb.   at 

$0.75   0.1834 

0.50 I2I/4 

Increased    cost $o.o6^4 

A  saving  is  generally  affected  in  the  number  of  grindings  with  high  speed 

steel. 
If  only  one  grinding  per  day  is  saved: 

Time  taking  out  tool Vz  minute 

Going    to    grinder i 

Grinding    tool    2-5 

Returning    to    lathe i 

Resetting  tool Vz 


Total 5-8  minutes 

Saving  1/12x60  equals  $0.05  per  day. 
Saving  in  Steel : 

Six  grindings  per  day  ^=  ]/[  lb. 

One  grinding  =  1/6  x  14  =  2/24  of  $0.75  =  $0.03. 
If  higher  priced  steeel  increases  the  daily  output  only  one  shaft  per  day,  or 

one  percent,  the  saving  will  be  as   follows: 
To'tal  Saving : 

One  shaft,    increase     $0.06 

One  grinding,    less     0.05 

Saving  in   steel    0.03 

Total $0.14 

Increased   cost   of   steel o.o6}4 

Net    daily    saving $0.07 -^^ 

In  ordinary  practice  the  saving  obtainable  by   reason  of  increased  output  is 
much  more  marked  than  indicated  in  this  extremely  unfavorable  case. 

be  evident  that  the  shop  side  of  manufacturing  offers  a  field  for 
the  young  man  as  big  and  broad  as  any  field,  as  there  is  no 
limit  to  the  development  of  the  man  who  takes  up  these  prob- 
lems and  solves  them. 


COPPER— ITS  USES  IN  LARGE  ELECTRICAL 

WORKS 

J.  L.  JONES 

IN  THE  I'ROUUCTION  of  electrical  machinery  and  appliances 
no  ut'ier  metal  pUi)  s  as  large  a  part  as  copper.  On  account 
of  its  importance  as  a  material  for  electrical  construction,  a 
brief  outline  will  be  presented  of  its  physical  characteristics,  the 
methods  of  its  production  from  native  copper,  from  sulphide  or 
other  copper  ores  and  from  reclaimed  copper,  its  rolling  into  sheets 
or  drawing  into  wire,  strap,  commutator  bars,  etc.,  its  melting 
and  casting  into  sand  castings,  and  some  of  the  more  important 
electrical  applications  of  wrought  copper. 

PHYSICAL  CHAIt.\CTEKISTICS 

The  electrical  conductivity  of  copper  is  second  only  to  silver. 
Its  specific  gravity  when  wrought  is  8.90,  according  to  the  Smith- 
sonian Tables,  so  that  it  weighs  555  pounds  per  cubic  foot.  Cast 
copper  is  more  or  less  porous,  although  our  conunercial  castings 
usually  shew  a  gravity  of  8.88.  The  fracture  of  cast  copper  is 
granular  and  irregular  while  that  of  rolled  or  forged  copper  is 
fibrous,  with  a  silky  luster.    Its  color  is  a  characteristic  red. 

Copper  is  very  malleable  and  ductile  and  may  be  drawn  into 
very  tine  wire  or  may  be  rolled  into  very  thin  foil.  It  becomes 
harder  when  worked,  but  by  annealing  at  about  320  degrees,  C. 
it  regains  its  malleability.  If  forged  or  rolled  copper  is  heated  to  a 
red  heat,  it  may  be  thrown  into  water  and  cooled  quickly  or  al- 
lowed to  ccxjI  slowly  in  the  air,  and  it  will  be  equally  soft,  differ- 
ing in  this  respect  from  steel. 

Copper  melts  at  1054  degrees,  C.  is  very  fluid  when  melted. 
has  a  sea  green  color,  luid,  when  much  overheated,  as  in  the  elec- 
tric arc.  i".  volatile  and  burns  with  a  characteristic  green  flame. 
\'olatilized  copper  is  said  to  be  poisonous  and  to  produce  symp- 
toms similar  to  lead  poisoning,  a  case  having  been  rccordcii  where 
a  number  of  workmen  were  jH)isoncd  while  melting  copper  in  an 
arc  furnace. 

When  heated  to  a  red  heat  copper  unites  with  the  oxygen  of 
the  air  to  form  one  or  l)Oth  of  two  oxides,  which  arc  known  re- 
spectively as  black  ami  red  copper  scale  or  oxide.  Black  copper 
oxide  is  infusible,  but  red  copper  oxide  melts  readily  and  is  soluble 
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in  molten  copper,  making  it  dry  and  brittle.  The  readiness  with 
which  copper  oxidizes  renders  it  necessary  to  anneal  very  fine 
wire  in  a  closed  pot  or  annealing  furnace  entirely  away  from 
the  air. 

Copper  is  not  tarnished  in  dry  air,  but  in  damp  air,  in  the  pres- 
ence of  carbon  dioxide,  it  becomes  coated  with  verdigris  (or  basic 
copper  carbonate),  which  is  the  familiar  green  stain  seen  on  statu- 
ary exposed  to  the  weather.  It  is  also  attacked  readily  by  zinc 
chloride  solution  (soldering  acid),  by  sulphur  or  sulphur  gases, 
ammonia,  etc.,  and  to  a  slight  extent  even  by  the  soldering  flux 
made  from  rosin  and  alcohol.  The  careless  use  of  zinc  chloride 
solution  (soldering  acid)  and  certain  soldering  pastes  is  responsible 
for  a  great  many  mysterious  breakdowns  of  insulation,  as  the  zinc 
chloride  is  very  hygroscopic  and  the  fact  that  it  attacks  the  copper 
is  shown  by  the  insulation  turning  green. 

PRODUCTION   OF    COPPER. 

Lake  Copper — Native  copper  is  found  extensively  in  the  Lake 
Superior  region,  on  the  northern  peninsula  of  Michigan.  With  the 
exception  .of  a  few  mines  that  produce  arsenical  copper,  the  Lake 
copper  is  of  remarkable  purity.  This  copper  is  seldom  found  on 
the  market  at  the  present  time,  most  of  it  being  contracted  for  by 
the  makers  of  wire,  sheet  copper,  etc.  As  mined.  Lake  copper  sel- 
dom runs  over  three  percent  metallic  copper,  although  large  masses 
weighing  several  tons  have  been  found.  The  rock  containing  the 
finally  divided  native  copper  is  crushed  by  stamps,  concentrated  on 
jigs  and  concentrating  tables  and  finally  melted  in  reverberatory 
copper  furnaces,  requiring  no  further  treatment  than  poling*  to 
reduce  the  oxides  and  bring  it  to  touch  pitch.  It  is  cast  into  cakes, 
slabs,  billets,  ingots  or  wire  bars,  which  are  then  ready  for  subse- 
cjuent  manufacturing  operations.  Much  of  the  Lake  copper  is  so 
high  in  silver  that  it  is  refined  electrolytically,  the  silver  being  re- 
covered. 

The  recently  issued  specifications  of  the  American  Society  for 
Testing  Materials  for  Lake  copper  provides  that  Lake  copper  must 
originate  in  Northern  Michigan  and  that  wire  bars  must  have  a 
resistivity  not  to  exceed  0.15535  international  ohms  per  meter-gram 
at  20°  C.  (annealed),  100  percent  conductivity  being  based  on  cop- 
per having  a  resistivity  of  0.153022  ohms.     Arsenical  Lake  copper 


*Introducing  poles  of  green  wood  into  the  molten  metal. 
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having  a  resistance  of  above  0.15694  ohms,  when  required  for  spe- 
cial purposes  shall  be  the  subject  of  special  agreement  as  to  ar- 
senic content.  Lake  copper  sold  for  wire  bars  must  have  a  purity 
of  99.88  percent. 

Electrolytic  Copper — The  greatest  portion  of  the  copper  pro- 
duction of  the  United  States  does  not  come  from  native  copper,  but 
from  the  ores  of  Montana  and  Arizona,  which  consist  of  copper 
and  sulphur,  or  copper,  iron  and  sulphur.  These  ores  are  usually 
roasted  to  remove  a  portion  of  the  sulphur,  arsenic  and  other  vola- 
tile impurities.  They  are  then  smelted  with  coke  in  a  vertical  fur- 
nace producing  a  matte  or  compound  of  sulphur,  copper  and  iron 
that  may  contain  30  percent  of  copper.  This  matte  may  be  stepped 
up  to  a  higher  copper  content  in  various  ways,  or  it  may  be  run 
into  a  Bessemer  converter,  the  iron  and  sulphur  burned  off  and 
the  resulting  coarse  or  crude  copper,  which  may  be  99  percent 
pure,  is  cast  into  anode  plates  and  elctrolytically  refined,  the  re- 
sulting electrolytic  copper  being  often  superior  in  purity  to  Lake 
copper.  The  less  pure  grades  of  electrolytic  copper  are  known  as 
casting  copper  and  are  sold  for  making  brass  castings  and  for  uses 
where  a  high  conductivity  is  not  required.  The  American  Society 
for  Testing  Materials  specifies  the  same  resistivity  and  purity 
for  electrolytic  wire  bars  as  for  Lake  copper  wire  bars,  thus  placing 
the  two  grades  of  copper  on  an  equal  footing.  However,  Lake 
copper  often  commands  a  somewhat  higher  price  than  electrolytic 
copper. 

Reclaimed  Copper — Large  amounts  of  scrap  wire,  coils,  cop- 
per dust,  turning-^,  etc.,  accumulate  at  an  electrical  works,  and  as 
this  copper  is  very  pure,  it  has  been  found  profitable  to  run  it 
down  into  ingot  copper  in  a  copper  refining  furnace,  rather  than 
to  sell  it  as  scrap  copper.  The  only  impurities  in  this  class  of  cop- 
per are  lead  and  tin  that  come  from  the  soldered  joints,  etc.  The 
tin  is  readily  removed  in  the  refining  furnace,  as  is  most  of  the 
lead,  so  that  the  resulting  coi)iicr  is  of  sufficiently  high  grade  to 
be  used  for  any  rolling  or  forging  purpose,  although  not  being  as 
uniform  in  quality  as  Lake  or  electrolytic  copper.  For  casting  pur- 
poses this  reclaimed  copjicr  is  very  satisfactory,  and  it  is  much 
purer  than  the  ordinary  brands  of  electrolytic  casting  copper,  as 
it  will  average  98  percent  conductivity  against  90  percent  conduc- 
tivitv  for  ordinary  casting  copjicr. 
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ROLLING  AND  FABRICATION 

The  copper  cakes  used  for  rolling  into  sheet  copper  and  the 
wire  bars  used  for  the  making  of  wire  are  of  what  is  known  as 
"tough  pitch"  grade.  They  are  cast  in  open  copper  molds  and  are 
not  "overhauled"  or  machined  on  the  top  side  as  is  brass  that  is 
intended  for  rolling.  As  a  result,  the  cakes  and  wire  bars  are 
usually  rovigh  on  the  top  side  because  of  dross  and  scale,  and  are 
full  of  minute  pinholes.  The  modern  practice  of  using  very  large 
furnaces  and  refining  copper  in  heats  of  looooo  pounds  or  more 
has  made  it  difficult  to  keep  the  pitch  uniform  throughout  a  heat. 
Many  refiners,  for  this  reason,  claim  that  a  refining  furnace  should 
not  exceed  a  capacity  of  20  000  pounds.  In  the  rolling  operation, 
the  pin  holes  and  other  defects  are  very  much  elongated  and  may 
appear  in  the  finished  product  as  "streaks,"  slivers,  and  other  im- 
perfections. The  side  of  the  sheet  that  corresponds  to  the  bottom 
of  the  copper  cake,  always  presents  a  better  appearance  than  that 
which  corresponds  to  the  top  of  the  cake. 

The  furnaces  used  for  heating  the  copper  for  rolling  are  of 
the  reverberatory  type,  and  in  a  late  form  used  for  heating  wire 
bars,  the  wire  bars  are  elevated  on  a  moving  platform,  pushed  into 
a  sloping  furnace  by  a  mechanical  charger  and  descend  by  grav- 
ity, being  removed  from  the  bottom  of  the  furnace  when  at  a 
red  heat  and  going  directly  to  the  rolls. 

Sheet  copper  is  rolled  by  what  is  known  as  the  "Welsh  or  cross- 
rolling"  system  in  some  mills.  In  most  mills,  the  "straight-rolling" 
system  is  used,  which  consists  in  rolling  a  plate  to  0.25  or  0.75  in. 
thick,  cutting  it  to  the  proper  w^eight  for  a  desired  gauge  of  sheet, 
then  heating  and  rolling  in  packs  on  finishing  rolls  to  the  desired 
lengths  as  is  done  with  sheet  steel.  Sheet  copper  is  coated  with  an 
emulsion  of  guano  before  commencing  to  anneal  it,  and  this  causes 
the  scale  to  loosen  more  readily  when  the  hot  copper  is  plunged 
into  w^ater. 

Hot  rolled  copper  is  not  as  smooth  or  as  close  to  gauge  as  is 
required  for  many  purposes,  so  that  much  of  it  is  subsequently 
cold  rolled.  This  makes  it  smooth,  stiff  and  elastic.  To  remove 
the  buckles  from  the  sheets,  they  are  clamped  in  a  stretching  ma- 
chine and  hydraulic  pressure  applied  in  slight  excess  of  the  elastic 
limit  of  the  copper.  The  sheets  are  now  perfectly  flat  and  they 
are  sheared  to  remove  the  marks  of  the  clamps  of  the  stretching 
machine. 


COPPER  USES  JN  niAlCTRICAL  WORKS  S79 

\\  ire,  strap,  cuniinutatur  bars,  etc.,  arc  rolled  down  fr(jm  the 
original  wire  bars  to  a  suitable  size  and  then  linished  by  drawing 
through  hardened  steel  dies.  These  dies  soon  wear  and  fail  to 
retain  their  original  dimensions  unless  all  annealing  scale  is  care- 
fully removed  from  the  copper.  This  is  done  by  quenching  the 
annealed  wire,  strap,  etc.,  and  then  washing  it  with  a  hose,  using 
water  under  200  pounds  pressure.  Excessive  wear  of  tl>e  dies 
is  also  prevented  by  lubricating  them  well  with  tallow,  soft  soap, 
or  other  lubricant.  For  the  finest  sizes  of  wire,  the  dies  arc  made 
of  diamond  instead  of  steel. 

Copper  may  be  extruded  but  not  so  readily  as  brass,  and  in 
order  to  obtain  greater  density,  hardness  and  accuracy,  some  special 
shapes  which  would  be  expensive  to  machine,  are  extruded  and 
then  cold  drawn. 

Where  very  large  terminals  and  similar  pieces  are  required, 
they  are  forged  in  the  blacksmith  shop  from  billets  or  ingots  that 
have  been  made  of  suitable  size.  The  possession  of  a  copper  re- 
fining furnace  is  quite  a  convenience  when  pieces  of  this  kind  have 
to  be  made. 

CASTINGS 

Many  applications  are  found  for  high  conductivity  sand  cast- 
ings of  copper,  viz.,  terminals,  dampers,  collectors,  switchboard 
work,  etc.,  and  such  castings  form  a  considerable  percentage  of 
the  output  of  the  brass  foundry  in  an  electrical  works. 

When  cast  in  green  or  dry  sand  molds,  copper  shows  a  ten- 
dency to  rise  and  become  porous,  hence  the  production  of  sound 
copper  castings  is  a  foundry  problem  of  considerable  difficulty  and 
requires  great  care  in  the  making  of  the  molds  and  the  melting 
and  pouring  of  the  copper.  'I'he  molten  coi)per  must  at  all  times 
be  kept  well  covered  with  powdered  charcoal  or  some  similar  ma- 
terial to  prevent  the  formation  of  red  oxide  of  copper,  which  has 
the  property  of  dissolving  in  the  copper,  making  it  "dry"  or  brit- 
tle and  producing  porous  castings.  Graphite  crucibles  are  gen- 
erally used  in  melting  copper  for  castings.  Open  flame  furnaces 
are  much  better,  however,  as  the  copper  can  be  melted  with  less 
oxidation  and  it  can  be  conveniently  poled  as  is  done  in  the  reg- 
ular revcrberatory  copper  refining  furnace.  As  a  consequence, 
the  copper  will  require  very  little  further  deoxidizing. 

In  arldition  to  using  great  care  in  melting  to  avoid  burning  the 
copper,   it   is   necessary,   in  order  to  get   solid  casting.s,   to  use  a 
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small  amount  of  some  deoxidizing  agent  such  as  silicon-copper, 
magnesium,  aluminum  or  boron  to  reduce  any  suboxide  of  copper 
that  may  have  been  present  in  the  copper  originally  or  that  may 
have  been  formed  during  the  melting  operation.  Silicon  copper 
is  the  most  practical  and  satisfactory  deoxidizer  for  copper.  By 
its  use,  copper  castings  of  80  percent  conductivity  may  be  regularly 
obtained  and  with  careful  melting  and  by  avoiding  any  excess  of 
silicon,  over  90  percent  conductivity  may  be  had.  Sound  castings, 
free  from  blowholes,  may  also  be  made  by  the  use  of  aluminum 
and  magnesium,  but  these  deoxidizers  (especially  magnesium)  are 
liable  to  produce  dirty  castings.  A  large  excess  of  silicon  copper 
will  also  produce  dirty  castings  and  give  a  weak  brittle  copper  cast- 
ing of  low  conductivity. 

In  cooling  from  the  molten  to  the  solid  state,  copper  con- 
tracts or  shrinks  very  considerably,  and  if  the  molds  are  too  rigid 
or  cores  too  unyielding,  cracked  castings  result.  Often  invisible 
hair  cracks  may  be  present  in  a  copper  casting  and  may  be  un- 
discovered even  after  machining.  When  put  in  use  and  subjected 
to  working  stresses,  these  hair  cracks  may  then  cause  a  rupture  of 
the  casting. 

THE  ELECTRICAL  APPLICATIONS  OF  WROUGHT  COPPER 

The  largest  use  of  copper  in  the  electrical  industry  is  in  the 
form  of  wire,  ribbon  and  strap.  These  forms  may  be  insulated 
with  cotton,  silk,  asbestos,  linen,  enamel,  treated  paper,  treated 
cloth,  etc.  These  insulated  coatings  may  be  further  treated  with 
paraffine,  resins  or  other  water-proofing  materials  such  as  asphaltic 
pitch,  etc.,  or  with  powdered  mica  and  soapstone.  Cotton  covered 
wire  is  used  in  field,  armature  and  transformer  coils.  Asbestos 
covered  wire  is  used  in  field,  armature  and  magnet  coils  exposed 
to  high  temperatures  and  is  supposed  to  stand  a  "dull"  red. heat 
without  being  destroyed.  Rubber  insulated  wire  is  used  for  gen- 
eral service,  but  the  sulphur  in  the  rubber  attacks  the  copper  so 
that  the  copper  must  first  be  coated  with  tin,  which  is  inert  to. sul- 
phur. In  the  winding  of  coils  it  is  important  that  the  copper  be 
soft  annealed.  The  winder  can  usually  tell  whether  the  wire  or 
strap  is  too  hard  by  the  "feel"  of  it.  It  is  difficult  to  show  this 
hardness  in  figures,  but  it  is  best  done  by  ascertaining  the  true 
elastic  limit. 

One  of  the  more  recent  methods  of  insulating  copper  wire  for 
use  in  winding  coils  for  low  voltage  work,  is  by  means  of  a  flex- 
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ible  baking;  enamel.  This  enamel  is  not  affected  by  moisture,  with- 
stands a  temperature  lif  500  degrees  F.,  witiiout  injury,  and  is 
much  thinner  than  a  silk  or  cotton  insulation.  Wire  for  enamel- 
ing must  be  a  good  grade  of  soft  copper  wire  and  any  joints  must 
be  identical  in  softness  and  dimensions  with  the  reht  of  the  wire 
and  have  at  least  95  percent  of  its  strength.  Any  "copper  grease" 
on  the  wire  must  be  thoroughly  removed  by  drawing  through  sand, 
as  "copper  grease"  may  run  as  higii  as  90  percent  metallic  copper 
and  this  would  effect  the  insulation  value  of  the  enamel.  Where 
enameled  wire  is  used  for  higher  voltage  work,  especially  on  the 
larger  sizes  of  wire,  a  single  cotton  covering  is  added. 

Where  one  copper  wire  has  to  be  connected  with  another  in  a 
coil  or  reel,  it  may  be  done  either  by  electric  welding  or  silver 
soldering.  In  electric  welding  the  copper  may  be  burned  and  the 
joint  become  hard  and  brittle.  In  silver  soldering,  a  solder  com- 
j)osed  of  equal  parts  of  silver  and  sheet  yellow  brass,  is  generally 
used,  but  the  more  particular  manufacturers  use  pure  silver  re- 
duced to  a  powder  suited  to  the  gauge  of  the  wire  to  be  soldered. 
Pure  silver  will  give  a  softer  joint  and  one  of  higher  conductivity 
than  silver  solder.  Either  electric  welding  or  silver  soldering  will 
give  a  good  joint,  as  was  shown  by  the  following  test:  Four  pieces 
(if  bare  copper  ribbon,  0.162x0.250  in.,  electrically  welded,  broke 
at  1066,  997,  1 165  and  1085,  or  an  average  of  1078  lbs.;  four  sim- 
ilar pieces,  silver  soldered,  broke  at  1258,  988,  1193  and  1267,  or  an 
average  of  i  177  lbs.  The  average  of  four  tests  on  the  same  sec- 
tion of  co])per  not  welded  or  soldered  was   t  350  lbs. 

Brush  co])|)cr  is  cold  rolled  and  very  thin,  as  it  is  rc<|uired  to 
be  very  flexible  and  springy.  This  use  and  that  of  sheets  for  stamp- 
ing, constitute  the  largest  uses  of  sheet  copper  in  an  electrical 
works.  Stamping  copi)er  or  "streakless"  copper,  as  it  is  some- 
times called,  is  subjected  to  very  severe  punishment  in  forming  arc 
lamp  parts,  various  heating  utensils,  etc.,  and  is  re(|uired  to  be 
dead  soft  and  of  unusual  ductility. 

Commutator  bars  are  hard  drawn  and  are  recjuired  to  be  of  a 
uniform  degree  of  hardness  and  free  from  slivers  and  similar  de- 
fects. The  copj)er  used  for  making  switches  comes  in  the  form 
of  bars  and  straps.  Tt  also  is  hard  drawn,  has  a  smooth  surface 
.iiid  high   hnish. 


ROTARY  POWER-FACTOR  LIMITATIONS  OF 

CONVERTERS 

AS  CONTROLLED  BY  TAP  COIL  HEATING 
J.  L.  McK.  YARDLEY 

THE  variation  in  the  currents  flowing  in  the  different  parts  of 
the  armature  winding  of  a  rotary  converter  does  not 
seem  to  be  generally  realized  by  operating  men.  The  man- 
ner in  which  the  copper  loss  per  coil  about  the  armature  circum- 
ference varies  with  the  position  of  the  coil  with  relation  to  the  taps 
to  the  collector  rings,  is  shown  by  the  curves  in  Fig.  i.  A  study 
of  these  curves  will  explain  why  it  is  that  careless  or  indift'erent 
operation  of  converters  without  reference  to  power-factor  condi- 
tions has  sometimes  resulted  in  roasting  out  armature  coils. 

The  standard  temperature  rise  guarantees  at  the  present  time 
for  rotary  converters  are  35  degrees  C.  for  continuous  full  load  at 
100  percent  power  factor,  and  55  degrees  C.  for  two  hours,  50 
percent  overload  at  100  percent  power  factor,  for  all  parts  except 
the  commutator,  and  for  that  five  degrees  C.  higher.  These  guar- 
antees are  based  on  an  air  temperature  of  25  degrees  and  cor- 
rections for  differences  therefrom  are  made  in  accordance  with 
the  rules  of  the  American  Institute  of  Electrical  Engineers.  After 
the  converters  are  installed,  however,  they  are  in  the  hands  of 
operators  who  are  interested  not  so  much  in  the  guarantees  as  they 
are  in  their  safe  operating  limits  under  the  conditions  of  varying 
load  and  power  factor  existing  in  the  stations  where  they  are 
installed. 

The  curves  in  Fig.  i  show  the  copper  or  PR  losses  in  the 
various  parts  of  a  given  armature  winding  when  operated  under 
the  different  conditions  shown.  It  is  evident  from  these  curves 
that  the  loss  in  the  tap  coil  of  a  six— phase  converter  is  approxi- 
mately 50  percent  greater  at  97.5  percent  power  factor  than  at  100 
percent  power  factor;  and  that  at  95  percent  power  factor  it  is  80 
percent  greater.  The  average  PR  loss  at  full  load,  85  percent 
power  factor,  is  the  same  as  that  at  50  percent  overload,  100  per- 
cent power  factor.  The  maximum  or  tap  coil  PR  loss  is  the  same 
at  90  percent  power  factor  full  load  as  at  100  percent  power  factor 
50  percent  overload.  Operators  who  would  hesitate  to  run  a 
machine  at  85  percent,  or  even  90  percent  power  factor  full  load, 
do  not  always  appreciate  the  greater  seriousness  of  running  at  a 
few  percent  off  on  power  factor  at  50  percent  overload  for  periods 
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of    time    approaching    ihc    50    pcivcnt    overload    rating    of     the 
converter. 

The  criterion  of  permissible  PR  loss  in  a  conductor  is  the 
"surface  per  watt  expended"  under  its  particular  conditions  of 
ventilation.  Sufficient  area  must  be  provided  that  the  heat  may  be 
dissipated  without  the  temperature  of  the  conductor  exceeding  the 
allowed  value. 

Let  X  =T  ihe  number  of  conductors  per  slot. 

A  •=  the  cross-sectional  area  of  a  conductor  in  square  inches. 

S*  ^  the  square  inches  of  surface  of  one  inch  length  of  conductor. 

I    r=  the  current  per  conductor   (which  for  a  multiple  winding  may 

be  obtained  by  dividing  the  direct-current  terminal  current 

by  the  number  of  poles). 
C  =  Conductivity  of  copper  at  25  degrees  €.  =  1.45x10*. 
X  =  .-K  constant  showing  the  relation  between   the  heating  of  the 

top  coil  operating  in  the    n.tary    converter    at    any    given 

power-factor  to  its  heating  in  the  direct-current  generator 

with  the  same  load. 
S  -f-  \V  =  Square  inches  of  surface  per  watt  expended. 
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Development  of  two-thirds  of  the  double  pole  pitch   of  the   armature 
winding.      The    '*  at    the    left    shows    c      '        is    with    unity    power- 

factor:  that  at  t!  with  <),;  percent  powi 

Then  CSA  :  Xi---  S  :- \\  in  liic  machine  operating  as  a  lincct 
current  generator  under  normal  conditions;  and  XCS.V -;- XI- ^= 
S  -:-  W  in  the  tnachine  operating  as  a  rotary  converter.  The  con- 
stant X  may  be  taken  from  the  curve,  I'ig.  3.  which  i<  d«  rivi-d  from 
the  curves  of  Fig.  2  as  foUows : — 

The  expression  CSA   ;   XI-  is  taken  as  unity  in  the  ordinate? 
of  the  curves  in  Fig.  2  and  is  represented  by  the  h(>rizontal  line. 


*.V.  A  and  5  can  usually  be  determined  b\  i  x.imwi  u^;  .  .„.i  ,•, .  .. 

it  enters  the  commutator  necks. 
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curve  XL  Then  for  a  point  on  any  other  curve,  Fig.  2,  the  ordinate 
is  the  ratio  of  the  heating,  under  the  conditions  represented  by  the 
abscissa  of  that  point,  to  the  constant  heating  as  a  direct-current 
generator  represented  by  curve  XL  As  the  surface  per  watt  ex- 
pended for  a  given  surface  is  inversely  proportional  to  the  wattage 
expended,  S  -^  W  for  any  point  on  a  curve  in  Fig.  2  as  compared 
to  S  -^  W  for  the  machine  operating  as  a  direct  current  generator, 
curve  XI,  is  inversely  as  the  ordinate  of  the  point.  Therefore,  X, 
the  coefficient  of  CSA  -^  NP  is  the  reciprocal  of  the  ordinate  at 
the  point  selected.     The  curve  of  values  A^  in  Fig.  3  is  derived  in 

this  manner  from  curve 
J^II  in  Fig.  2  for  a  six- 
phase  rotary  converter. 

It  has  been  found 
from  experience  that  the 
ratio,  S  -^-  W,  as  calcu- 
lated bv  this  formula  for 
a  six-phase  converter 
of  modern  construction 
must  be  greater  than  0.3 
to  prevent  damage  to  in- 
sulation.   This  construe- 
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FIG.    2 — HEATING   OF   THE   ARMATURE   OF    A   ROTARY 
CONVERTER   AS    COMPARED    WITH    THE    SAME    MA- 
CHINE   OPERATING    AS    A    DIRECT    CURRENT    GEN-     tioH  haS   foUr  COuduCtOrS 
ERATOR 

Solid    lines    represent    average    heating 

dotted  lines  that  of  the  tap  coils. 

I — 2  rings.  VII —  6  rings. 

11 — 2  rings.  VIII—  6  rings. 

Ill — 3  rings.  IX — 12  rings. 

IV — 3  rings.  X — 12  rings. 

V — 4  rings.  XI — direct    current. 

VI — 4  rings. 


^^j  per  slot  and  two  con- 
ductors per  coil.  The 
insulation   inside  of  the 


slot  consists  of  2.5  turns 
of  fish  paper  and  mica, 
and  outside  of  the  slot 
one  turn  of  cotton  tape  per  conductor  and  one  turn  of  cotton  tape 
per  coil.  The  core  has  a  vent  duct  every  2  to  2.5  inches  width.  The 
winding  has  1/16103/32  inch  vents  between  coils  outside  the  core, 
the  coils  being  of  diamond  shape.  The  peripheral  velocity  varies 
from  5  900  to  6  800  feet  per  minute,  and  the  spider  is  designed  to 
give  the  greatest  possible  ventilation  to  core  and  coils. 

Although  the  tap  coils  have  the  greatest  PR  loss  and  therefore 
the  greatest  heat  generated  in  them  under  all  conditions  of  load 
and  at  all  power  factors,  it  does  not  follow  that  the  insulation  on 
these  coils  will  be  the  first  to  show  signs  of  roasting  when  the  ratio, 
S  -f-  W,  is  too  small.  The  tap  coil  has  a  better  opportunity  to  get 
rid  of  its  heat  than  the  other  armature  coils.     Some  of  this  heat 
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may  i)a>s  out  ihrougli  the  tap  connection,  or  it  may  pass  into  the 
coils  on  either  side  of  it  wlien  the  conditions  are  such  that  the  heat 
generated  in  the  coils  on  either  side  is  decidedly  less  than  that 
generated  in  the  tap  coil  itself.  Such  a  condition  exists  at  low 
power-factor  operation.  As  the  power  factor  departs  from  unity,' 
the  coil  on  one  side  of  the  tap  coil  has  more  heat  generated  in  it,  and 
the  coil  on  the  other  side  of  the  tap  coil  has  less  heat  generated  in 
it  than  at  unity  power  factor.  This  is  shown  at  95  percent  power 
factor  in  Fig.  i.  There  is  an  opportunity,  therefore,  for  the. heat 
to  flow  from  the  tap  coil  to  the  coil  which  is  having  less  heat  gen- 
erated in  it.  The  direction  of  this  flow  of  heat  will  depend  upon 
whether  the  power  factor  is  leading  or  lagging.  In  the  case  of  a 
leading  power  factor  and  clockwise  rotation  of  armature,  the  heat 
will  flow  counter  clockwise,  facing  the  commutator.  If  the  tap  coil  be 
A  and  the  next  coils  in  clockwise  direction  B  and  C  and  the  adjacent 

coil  in  the  counter  clockwise  di- 
rection be  X,  the  heat  will  flow 
from  A  to  X;  and  if  the  power 
factor  is  low  enough  it  is  possible 
that  X  may  be  the  coil  which  has 
the  least  heat  generated  in  it  of 
any  in  the  armature,  while  A  is 
the  coil  which  has  the  most  heat 
generated  in  it  of  any  in  the  arm- 
Fic.  3-vARiATioN  COEFFICIENT  "x"  FOR  at^re.    As  the  coil  B  is  between 

A    SIX-PHASK    CONVERTER  ...  ,      ^        ,  •         , 

the  coils  A  and  C,  that  is,  be- 
tween the  coil  which  has  the  maximum  amount  of  heat  generated  in 
it  aiMl  another  coil  having  almost  as  great  a  heat  generated  in  it.  it 
cannni^  radiate  its  own  heat.  This  explanation  accounts  for  the  fact 
that  occasionally  the  insulation  of  the  coil  or  coils  at  one  side  of 
the  tap  coil  are  injured  by  low  piwcr-factor  operatit^n,  while  the 
insulation  on  the  tap  coil  itself  is  intact.  Had  the  power  factor 
been  a  lagging  one  the  coil  X  in  the  above  discussion  would  have 
shown   the  burned    insulation. 

Taking  the  value  0.3  as  a  basis,  it  is  possible  by  means  of  this 
formula  to  derive  a  curve  between  power  factor  and  kilowatt  out- 
put showing  the  danger  limit  which  must  at  all  times  be  avoided  in 
operating  apparatus  of  this  class.  This  point  will  not  be  discussed 
further,  however,  than  to  call  attention  to  the  power-factor  curves 
given    by    Mr.    Jens    Hache-Wiig.*     These  curves  show  approxi- 
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inately  tlie  \ariatiuns  in  power-factor  winch  occur  in  securing  com- 
mercial compounding.  The  writer  merely  desires  to  point  but  the 
desirability  of  adjusting  a  rotary  converter  to  give  loo  percent 
power-factor  at  full  load  rather  than  at  half  load.  lie  further 
(iesires  to  commend  the  present  practice  of  securing  the  desired 
compounding  by  using  moderate  amounts  of  both  series  field  and 
reactance  rather  than  by  using  a  greater  amount  of  series  field  and 
a  smaller  amount  of  reactance.  These  two  points  are  of  particular 
importance  in  connection  with  rotary  converters  carrying  heavy 
momentary  overloads  of  loo  or  200  percent,  where  the  efifect  of 
the  wattless  component  introduced  by  the  series  field  ampere-turns 
upon  the  tap  coil  temperature  must  be  seriously  considered. 


POWER-FACTOR  METERS  FOR  INDIVIDUAL 

GENERATORS 

NICHOLAS  STAHL 

ANALYSIS  of  the  conditions  obtaining  in  many  power  houses 
brings  out  the  fact  that  the  generator  windings  are  often 
carrying  heavy  currents,  not  only  when  the  power  factor 
at  the  station  bus-bars  is  low,  but  when  it  is  relatively  high,  due  to 
tne  cross  currents  between  the  individual  alternators  operating  in 
parallel.  While  the  voltage  of  individual  machines  operating 
separately  is  dependent  upon  the  field  excitation,  when  a  group  of 
alternators  is  connected  in  parallel  through  one  set  of  bus-bars, 
their  voltage  must  necessarily  be  the  same.  If  the  field  excita-. 
tions  are  such  that  they  tend  to  have  unequal  voltages,  circulating 
currents  flow  through  the  windings  in  such  a  manner  as  to  boost 
or  reduce  the  voltages  generated  in  the  diflferent  machines  to  a 
common  value. 

It  is  important  to  reali-ze  that  two  or  more  machines  operating 
in  parallel  will  have  power  factors  different,  not  only  from  each 
other,  but  from  that  of  the  bus-bars,  unless  the  proper  excitations 
are  obtained,  irrespective  of  whether  the  power  factor  of  the  bus- 
bars is  lagging,  unity  or  leading;  and  in  any  of  these  three  cases 
difference  of  power  factor  between  the  individual  machines  indi- 
cates that  cross  currents  are  circulating  between  them.  The  elimi- 
nation of  cross  currents  by  the  securing  of  the  same  power  factor 
on  all  machines  is,  of  course,  highly  desirable,  and  can  generally  be 
brought  about  by  the  proper  setting  of  the  field  rheostat,  the  opera- 
tor being  guided  in  his  manipulation  by  the  indications  of  a  group 
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A  any  of  the  three  different  switchboard  instruments  commonly 
used,  namely : — field  ammeters,  armature  ammeters,  and  power- 
factor  meters. 

Field  Ammeters — A  knowledge  of  the  field  excitation  required 
by  a  given  machine  to  carry  a  certain  current  will  make  it  jxDssible 
to  interpret  the  readings  of  the  field  ammeter  as  showing  that  greater 
or  less  excitation  is  required  in  the  particular  case.  Too  much  de- 
pendence should  not  be  placed  on  these  readings,  how'ever,  for 
several  reasons.  In  the  first  place,  it  is  difficult  for  an  operator  to 
carry  in  his  mind  the  range  of  excitations  required  for  various 
loads  on  machines  under  given  power-factor  conditions ;  again, 
these  excitations  vary  for  the  same  armature  current  at  different 
power-factors.  It  is  usual  to  express  the  field  amperes  required  in 
terms  of  percentage  load,  or  percentage  k.v.a.  on  the  machine;  and 
then  when  it  comes  to  taking  into  account  all  of  the  foregoing  possi- 
bilities for  one  machine,  with  a  similarly  complex  number  for  all 
the  other  machines  that  may  be  feeding  the  bus-bars,  it  is  not  strange 
that  with  this  possibility  of  correction  constantly  before  the  opera- 
tor, in  most  cases,  he  still  has  cross  currents  existing. 

Armature  Ammeters — Considering  that  the  true  energy  load 
as  delivered  by  each  machine  is  determined  by  the  setting  and  posi- 
tion of  the  governors  of  the  prime  movers,  and  that  with  a  given 
bus-bar  voltage  and  external  power  factor,  the  sum  of  the  currents 
in  the  individual  machines  will  equal  the  currents  in  the  external 
circuit  only  when  all  machines  are  operating  at  the  same  power 
factor,  it  is  evident  that,  when  this  condition  does  not  obtain,  the 
machines  may  all  be  brought  to  the  same  power  factor  by  reducing 
the  sum  of  their  armature  currents  to  a  minimum  by  proper  manipu- 
lation of  the  field  rheostats.  The  diuiculty  in  doing  this  accurately 
is  evident  in  the  mental  calculation  required  on  the  part  of  the 
operator,  especially  when  the  loads  are  fluctuating,  as  is  frequently 
the  case  in  central  stations.  Moreover,  the  loads  may  change  not 
only  m  amount  but  in  jxiwer-factor,  .so  that  the  true  minimum  to 
be  reached   is  also  fluctuating  with  the  outside  conditions. 

Power-Factor  Meters — With  a  power—factor  meter  for  each 
machine  there  is  instant  evidence  that  the  machines  have  or  have 
not  circulating  currents  by  the  inequality  or  equality  of  the  power 
factors  indicated.  It  is  obvious,  also,  that  the  only  manipulation 
required  in  this  case  is  to  sec  that  all  power-factor  instruments  read 
alike.     In  other  words,  if  the  separate  meters  all  read  alike  it  is  not 
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necessary  to  inquire  what  the  power  factor  of  the  outside  circuit  is, 
for  it  will  have  just  Ijeen  found. 

When  the  effect  of  overload  due  to  circulating  currents,  on  the 
maintenance  of  machines  and  their  depreciation  is  considered,  it 
seems  fair  to  hold  that  the  very  slight  additional  expense  required 
for  the  necessary  instruments  and  accessories  is  entirely  justified. 
Moreover,  the  capacity  of  the  machines  for  outside  work  is  in- 
creased. For  example,  suppose  the  outside  power  factor  is  80 
percent  lagging,  and  that  the  normal  capacity  of  the  machine  is 
I  000  amperes.  Assuming  that  the  load  remains  constant,  so  that 
the  energy  output  of  the  machine  is  unchanged,  and  the  excitation 
is  varied  so  that  a  reading  of  60  percent  power-factor  lagging  is 
obtained,  the  generator  would  be  carrying  i  300  amperes  or  30 
percent  overload  in  current.  Or,  to  put  it  another  way,  if  the 
machine  could  safely  carry  i  300  amperes  and,  by  a  change  in 
excitation,  this  could  be  reduced  for  a  given  energy  output  to,  say 
I  000  amperes,  there  would  be  300  amperes  additional  capacity  in 
the  machine  for  external  load,  providing  the  prime  mover  was 
capable  of  supplying  the  additional  energy. 

It  is  not  intended  by  the  foregoing  to  argue  against  the  in- 
stallation of  field  ammeters  or  armature  ammeters,  but  rather  to 
argue  the  real  advantage  of  supplementing  these  by  power-factor 
meters  which,  with  a  conscientious  operator  properly  instructed, 
should  be  most  productive  of  practical  results.  In  general,  it  is 
highly  advisable  to  reduce  the  number  of  instruments  on  a  switch- 
board to  a  minimum,  and  it  is  believed  that  the  installation  of  a 
power-factor  meter,  in  connection  with  a  single  ammeter  arranged 
with  a  jack  for  connecting  on  the  various  phases,  instead  ot  the 
three  ammeters  commonly  used,  would  better  meet  the  needs  of 
the  average  station  operator,  and  at  the  same  time  reduce  the  num- 
ber of  instruments  per  machine  by  one.  It  would  also  render  in- 
dicating wattmeters  unnecessary,  assuming  that  individual  integrat- 
ing  watthour  meters  would  be  used  in  any  event. 


SHOP  TESTING  OF    ELECTRICAL   APPARATUS- IX 
direct-cl'rr1':nt  railway  motors 

RAILWAY  MOTORS  are  designed  with  the  most  rugged 
characteristics  in  order  to  withstand  the  exceptionally 
severe  service  which  they  are  called  upon  to  meet.  The 
mateiials  used,  the  insulation  and  the  assembly  details  are  quite 
different  from  the  series  industrial  motors  previously  discussed. 
Moreover,  their  e.xposed  position  demands  total  enclosure  with  a 
corresponding  change  in  heat  distribution,  and  they  are  called  upon 
to  operate  under  widely  varying  voltages.  These  differences  in 
operation  involve  sufficient  differences  in  testing  details  to  warrant 
separate  consideration. 

The  numerical  data  presented  as  typical  in  this  article  was  ob- 
tained from  a  test  of  a  6oo-volt  direct-current  railway  motor  having 
an  hourly  rating  of  50  horse-power  at  75  degrees  C. 

MECHANICAL    INSPECTION 

Before  any  tests  are  started,  the  brushes  should  be  ground  to 
a  good  fit,  they  should  slide  freely  in  their  holders  without  being 
Ux)  loose  and  a  proper  clearance  should  be  provided  between  the 

TABLE   I— RESIST.\XCES. 

Ohms  at  Ohms  at 

*i6.5  Deg.  C.  25  Deg.  C. 

Armature    0.2644  0.2734 

Scries    Field    0.1738  0.1797 

Commutatinp    I'icid    0.08284  0.08566 

Temperature  coefHcient  at   16.5  Degrees  €=1.034 

brushholder  and  the  commutator.  The  armature  must  be  centered 
in  the  field  and  the  bearings  running  cool  with  no  jxissibilitv  of  the 
oil  getting  into  tho  windings. 

RESISTANCE 

Resistances  are  measured  by  the  bridge  method.  For  pcrma- 
r.en"  record  they  sh<nild  be  reduced  to  the  standard  temperature  of 
-'5  degrees  C.  The  resistances  of  the  motor  which  is  used  as  an 
example,  together  with  these  corrections  are  given  in  Table  L  In 
computing  efficiency  in  railway  work,  it  is  common  practice  to  cor- 
rect resistances  to  a  temperature  of  75  degrees  C.  to  correspond 
with  the  temperature  at  which  railway  motors  are  rated,  ind  the 
resistances  in  the  efficiency  calculations  in  this  article  are  corrected 
tj  this  value. 
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SPEED  REGULATION 

In  taking  the  speed  regulation  test,  the  railway  motor  is  belted 
or  direct-connected  to  a  generator  of  sut^cient  capacity  to  carry 
safely  150  percent  motor  load.  The  generator  may  be  loaded  on 
resistance  racks  or  loaded  back  and  the  test  is  then  carried  out  in 
exactly  the  same  manner  and  using  the  same  precautions,  as  al- 
ready outlined  for  industrial  series  motors.* 

FRICTION   AND   WINDAGE 

Upon  completion  of  the  speed  regulation  test  the  motor  is  dis- 
connected from  the  generator  and  run  light  as  a  series  motor  with 
reduced  terminal  voltage.  A  thorough  mechanical  inspection  should 
be  made  to  make  sure  that  the  motor  is  operating  under  normal 
operating  conditions,  and  a  sufficiently  long  run  should  be  given  to 
insure  a  constant  value  of  friction  load  as  indicated  by  a  steady 
ammeter  reading  for  a  given  speed.  The  motor  should  be  operating 
without  end  thrust,  with  smooth  commutator,  properly  feeding  oil 
and  correct  brush  tension.  Readings  of  volts,  amperes  and  speed 
should  then  be  taken  at  four  or  five  points  covering  the  range  of 
the  speed  curve,  varying  the  impressed  voltage  to  obtain  the  desired 
bpeeds.  Care  should  be  taken  at  starting  to  see  that  the  initial  im- 
pressed voltage  is  sufficiently  low  so  that  the  motor  will  not  attain 
too  high  a  speed. 

CORE    LOSS 

Because  of  the  great  voltage  range  over  which  railway  motors 
are  operated  in  service,  their  core  losses  are  ordinarily  determined 
by  a  method  different  from  that  described  for  industrial  series 
motors.  The  method  here  given  is  not  strictly  correct,  as  it  gives 
core  loss  values  corresponding  to  no-load  rather  than  to  load  condi- 
tions. The  inaccuracy  of  the  method  is  due  to  the  fact  that  a  motor 
operating  under  load  has  an  armature  reaction  effect  which  cannot 
readily  be  corrected  for  in  making  a  core  loss  test  by  this  method. 
However,  the  method  is  sufficiently  accurate  for  all  ordinary  pur- 
poses and,  as  it  facilitates  working  up  the  results  for  the  deter- 
mination of  efficiency,  which  for  railway  motors  is  usually  given 
for  three  values  of  voltage,  it  is  the  most  desirable  method  of  mak- 
ing the  core  loss  test. 

After  the  friction  and  windage  test  the  motor  is  shut  down 


*See  the  Journal  for  August,  IQ13,  p.  796. 
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and  coiiiRTtcd  up  for  separate  excitation.  Jhc  I'leld  is  excited  willi 
approximately  full-load  ani])ercs  and  the  motor  is  started  by  bringing 
ui)  the  armature  Voltage.  The  excitation  is  then  increased  to  the 
maximum  value,  which,  for  a  motor  of  this  type,  is  usually  200 
percent  full-load  current,  and  the  voltage  is  held  constant  at  the  value 
at  which  the  test  is  to  be  taken.     I'or  railway  motors  core  loss  is 

TABLE   II-CORE  LOSS.   1-RICTION   AND   WINDAGE 


Friction   and   Windage.   Brush    Friction. 


Before 

Cor 

e   Los 

s  Test 
R.P.M. 

After 

Core 

Loss  Test 

Watts 

Watts 

R.P.M. 

> 

• 

•  .-f^' 

-4? 

220 

244 

221 

6.39 

S68 

635 

S68 

72t) 

7'^? 

720 

iH 

109K 

020 

1098 

917 

1305 

I  050 

1295 

I  062 

Armature 
Volts 


Core    Loss    and    i-'riotion  and  Windage  at  550  Volts 

Watts 


Armature 
Amperes 


Field 
Amperes 


R.P.M. 


550 

3-4 

1870 

550 

31 

I  705 

550 

30 

I  050 

550 

31 

I  705 

550 

3.3 

I  815 

I -'5 

526 

100 

554 

75 

596 

50 

650 

30 

910 

Core    Loss    and    Friction  and  Windage  at  400  Volts 


400 

2.0 

I  160 

400 

2.8 

I   120 

400 

2.6 

I  040 

400 

2.7 

1080 

400 

2.05 

I  180 

Core    Loss    and    I'riction   and  Windage  at  250  Volts 


2.;o 
250 
250 
250 
2=0 


2.45 
2.3 
2.15 
2.25 


613 

57':^ 
-:^?,^ 

625 


125 

^78 

100 

398 

75 

430 

;o 

490 

30 

«)! 

125 

236 

100 

250 

7':^ 

2()4 

50 

314 

30 

4-'o 

t.ikcn  at  three  voltages,  covering  the  range  of  operation,  and  in  this 
case,  with  a  maxinnnn  rating  of  600  volts,  these  three  voltages  may 
be  selected  at  550.  400  and  250  volts  respectively.  When  the  read- 
ing of  the  armature  ammeter  becomes  constant,  readings  of  field 
amperes,  armature  volts  and  amperes  and  speed  arc  taken  at  that 
point.     These  readings  are  taken  with  the  same  constant  armature 
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voltage  at  four  or  five  values  of  field  excitation,  covering  the  range 
from  200  to  30  percent  normal  full-load  field  current,  care  being 
taken  at  the  lower  values  not  to  exceed  the  safe  speed  limit. 

This  test  is  carried  out  for  the  three  values  of  voltage  selected, 
and  the  test  for  friction  and  windage  should  be  repeated  after  each. 
A  varying  friction  load  introduces  a  possibility  of  error  into  the 

core  loss  test;  accordingly  if  the  value  of  friction  and  windage 
obtained  before  and  after  the  core  loss  test  do  not  check  to  a  rea- 
sonable degree,  the  test  must  be  repeated  until  constant  conditions 
of  friction  are  obtained. 


FIG.    I — DIRECT-CURRENT   SERIES    MOTOR  TESTING 

Showing  method  of  setting  up   series    motors   as   motor-generator    sets 
for  load  tests. 

A  typical  set  of  friction  and  windage  readings  before  and  after 
a  core  loss  test,  together  with  the  readings  for  core  loss  at  550,  400 
and  250  volts  respectively  are  given  in  Table  II.  The  value  of 
watts  at  each  point  is  obtained  as  the  product  of  the  readings  of 
armature  volts  and  amperes  at  that  point.  The  corresponding 
curves  as  plotted  in  Fig.  2. 

From  the  curves  in  Fig.  2  a  relation  between  core  loss  and 
armature  voltage  can  be  derived  directly  by  separating  core  loss 
from  friction  and  windage  at  a  given  value  of  field  current  for  each 
of  the  three  voltages  at  which  the  core  loss  is  taken.     Then  the 
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ivsultant  curve  will  be  a  relation  between  watts  core  loss  and  arma- 
ture volts  for  a  constant  value  of  field  current. 

The  simplest  method  <^)f  deriving  such  a  relation  from  the  curves 
in  Fig.  2  is  to  read  tiie  values  of  speed  for  a  given  current  ordinate 
on  the  three  current  curves ;  then  read  the  ordinates  of  the  core 
loss,  friction  and  windage  curves  corresponding  to  this  speed  and 
subtract  from  each  the  ordinates  of  the  friction  and  windage  at  the 
respective  points.  The  result  is  a  set  of  three  core  loss  readings 
corresponding  to  the  voltages  250,  400  and  550.  These  voltages, 
however,  are  taken  under  no  load  conditions,  whereas  efficiency  is 
calculated  at  voltages  to  be  read  when  the  motor  is  loaded.  For 
this  reason,  in  plotting  these  relations,  the  core  loss  values,  instead 

of  being  plotted  at  250, 
400  and  550  volts,  are 
plotted  at  250  -(-  I R, 
400  +  I  R  and  500  + 
I  R,  I  in  each  case  be- 
ing the  constant  cur- 
rant value  correspond- 
ing to  the  points  in 
Fig  2  at  which  the  core 
loss  is  taken,  and  R  the 
total  resistance  of  the 
motor  series  circuit.  A 
number  of  such  rela- 
tions iov  various  con- 
stant values  of  current 
are  plotted  in  Fig.  3 
for  use  in  determining 
efficiency.  ICach  curve, 
if  continued,  should  iuter.sccl  the  l>asc  line  at  a  value  <»f  volts  equal 
to  the  I  R  drop  at  the  particular  value  of  amperes  for  which  the 
curve  is  being  i)lotted.     This  drop  is  given  in  Table  III. 

KFFICIENC  V 

The  efficiency  of  railway  motors  may  be  determined  in  three 
ways:  by  separate  losses,  by  brake  test  and  by  input-output  test  of 
two  similar  machines.  The  two  latter  methods  are  not  very  com- 
monly used,  but  when  applied  to  railway  motors  are  carried  out 
in   the    same    maimer   as    already   described    for    industrial    scries 


Fin.     2— CURVKS     SHOWING     CORE     LOSS,      FRICTION 
AND    WINDAr.K    FOR    THRKF   VAI.UKS    OF   VOLTAGF. 
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motors.  The  first  method  is  the  most  accurate  and  at  the  same 
time  the  most  expeditious  as  it  utihzes  much  of  the  data  which 
must  necessarily  be  obtained  in  working  up  other  tests. 

EFFICIENCY    BY    EOSSES. 

Let  E=  Terminal  volt  =  rated  volts  of  machine. 
I  =  Terminal  amperes  at  any  desired  load. 
r  =  Resistance  of  armature  at  75  degrees, 
r;—  Re.Mstance  of  series   field   at  75   degrees. 
r..=  Resistance  of  commutating  field   at   75   degrees. 

*B  =  Total  volts  brush  drop  =     — ; r^ J , 4-  t 

•    ^       20  X  total  brush  area  in  sq.  in. 
k  =  Armature   resistance    (r)+ series    field    resistance    (rO+ commu- 
tating field  resistance  r,. 
e  =  IxR   (total  drop  of  all  series  windings), 
(i)     Core  loss  at  terminal  voltage  E,  obtained  from  core  loss  curve 

(2)  Copper  loss  =  PR. 

(3)  Fiiction  and   windage  +  brush   friction. 

(4)  Brush  loss  I  x  B. 
Input  =  E  X  I. 

Total  losses  =  (i)  +  (2)  +  (3)  +  (4). 

Output  =  Input  —  Losses. 

T-.j^  •  Input 

Lmciency  =  ^  - — - 
Output 

Tj  Watts 

Horse-power  = —~>— 
746 

T.  HpX52qo 

1 01  que  =  — ~ — ^'-^-— 
^  r.p.m. 

Resistances 

at  25  degrees,     at  75  degrees. 

Armature    0.2734  0.3262 

Series    Field    0.1797  0.2144 

Commutating    Field    0.08566  0.1022 

Total 0.6428 

TABLE  III— PERFORMANCE  DATA. 

Line  ampere.s 20  30  40  50  75  100  125 

R.P.M 1450  1015  835  750  615  552  50S 

Terminal  volts tioO  600  600  600  600  600  6011 

Total  drop  (e) 12.0  19.3  25.8  32.1  4S  ]  r,l.2  H0.2 

Brush  drop! 1.4  1.6  1.8  1.9  2.0  2.;i  3.3 

Core  loss 695  7.M)  S50  910  9S0  lOoii  insii 

Copper  loss 25S  579  1030  1605  3610  <i42il  10010 

Brush  loss 2S  4S  72  9')  15(1  290  412 

Frl  tion  11  iid  windage 1060  670  540  460  360  310  2H0 

Total  loss 2041  2077  2492  3100  5100  X05I)  117S2 

Watts  input 120li(l  ISOOO  21000  30O0(l  45000  liduOO  7(i00 

Watts  output 0960  15923  2150S  26900  39900  519511  6321,s 

Ktliciencv ,S3  S8.5  89.5  89.6  8S.7  S6.5  S4.3 

Brake  hp 13.4  21.4  2S,,S  3ii  53.4  69.5  S4.6 

Torque... 48.5  111  181  256  455  061  875 

From  the  curves  in  Figs.  2  and  3  and  the  relations  given  above, 
a  complete  table  of  performance  data  can  be  compiled  establishing 
the  efficiency  at  any  desired  series  of  loads.  Such  a  table  for  the 
motor  used  as  an  example  is  given  in  Table  III  and  the  resultant 


*The  brush  drop  may  also  be  taken  from  standard  curves  compiled  from 
tests  on  the  particular  type  of  brush  used. 
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curves  of  brake  horse-power,  torque,  sjjced  and  clliciency  as  com- 
pared to  U)ad  are  i)lotted  in  ¥\g.  4. 

TEMl'liRATUKE  TESTS 

Tlierc  arc  two  common  temperature  tests  for  railway  motors, 
one  an  hour  run  at  the  one  liour  rating,  with  the  commutator 
covers  off  witli  readings  every  fifteen  minutes  and  the  other,  a  con- 
tinuous run  with  commutator  covers  on  at  a  voltage  in  the  neigh- 
borhood of  two-thirds  normal  rating  with  readings  every  hour.  Of 
the  two  the  former  is  the  more  common,  the  latter  being  used  for  the 
most  part  in  the  experimental  testing  of  new  motors.  The  read- 
ings  taken   in  each  case   are   line  volts,   line   amperes,   series   tk'ld 

volts,  comnnitating  field 
\olts  and  speed,  partic- 
ular attention  being  j^aid 
to  commutation.  Hot 
resistances  of  series 
field,  commutating  held 
and  armature  are  read 
immediate!}'  upon  shut- 
ting down  in  the  <»r(Ier 
named,  and  temjiera- 
tures  are  taken  by  ther- 
mometer on  the  com- 
mutator outside  edge, 
middle  and  groove,  field 
left  and  right,  armature 
band,  armature  core, 
frame  and  Itearings.  All 
these  readings  should 
be  taken  with  greatest  possible  dispatch  because  of  the  rapid 
cooling  after  shutting  down.  'i"o  facilitate  this,  warm  waste, 
thermometers  ami  resiNtancc  measuring  ajjparatus  should  all  be  on 
hand   before   stopping   the   machine. 

FIELD   FORMS 

.\  ^ilnl)le  and  expeditious  method  of  taking  held  form  is  ef- 
fected by  means  ^^\  ;i  liber  template  about  ;m  inch  wide  by  a  .^ix- 
teeiitli  inch  thick,  and  a  little  longer  than  the  distance  between  ad- 
jacent brn>b  .arms.  Holes  large  enough  to  accommodate  brusnes 
made  of  pencil  lead  are  drilled  along  the  template  a  distance  apart 
eijual   to  the  combined  widths  of  a  copper  and  a  mica  segtiient. 


Fin.  3 — eo.VSTANT  ll'RRK.VT  CIRVKS  SHOWINC 
RE1..\TI().\S  IlKTWIKN  W.\TTS  CORK  LOSS  .\Nli 
MOTOR    VO!.T.\«iK 
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The  fibre  is  then  fastened  to  the  brush  rigging  in  such  a  manner  as 
to  fit  over  the  commutator  so  that  the  centre  of  the  left  hand  brush 
comeo  midway  between  two  holes  and  this  space  is  marked,  the 
spaces  to  the  right  hand  brush  and  seven  or  eight  spaces  back  of 
the  left  hand  brush  being  numbered  consecutively.  The  template 
brushes  are  made  by  connecting  lamp  cord  to  the  leads  of  two  hard 
pencils  whose  lower  ends  are  so  sharpened  that  they  will  extend 
through  the  holes  in  the  template  and  rub  on  the  commutator.  Be- 
cause of  the  very  small  size  of  these  brushes,  this  test  should  be 
taken  only   with    a  very   well   polished   commutator,   as   they   will 

otherwise  wear  away  too 
rapidly.  The  test  brushes 
are  connected  to  the  ter- 
minals of  a  low  reading 
voltmeter  and  when  ar- 
rangements have  been 
made  to  keep  constant 
voltage  and  current  on 
the  motor,  it  is  started 
for  the  test. 

The  machine  is  run  as 
a  series  motor  under  the 
desired  conditions  of 
load  and  readings  of 
voltage  are  taken  with 
the  pencil  brushes  in 
each  pair  of  adjacent 
template  holes.  These 
readings  are  then  plotted 

FIG.  4— PERFORMANCE  CURVES  OF  A  DIRECT-CUR-  with  the  spacc  uumbers 
RENT  RAILWAY  MOTOR  ^f   ^j^g    template   as    ab- 

scissae and  the  voltages  across  the  respective  spaces  as  ordinates.  In 
order  that  the  direction  of  rotation  may  be  represented  in  a  right- 
handed  direction  across  the  curve  sheet  in  each  case,  field  forms 
taken  for  right  hand  rotation  should  be  plotted  with  zero  point  at 
the  left  hand  side,  while  those  for  left  hand  rotation  should  have 
their  zero  point  at  the  right. 

Commutating  Field  Form— The  field  form  of  the  commutatmg 
field  is  taken  in  the  same  manner  as  given  above,  except  that  the 
motor  is  driven  by  a  shunt  motor.  Leaving  the  series  field  out  of 
circuit,  the  current  as  obtained  from  the  speed  curve  corresponding 
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to  live  speed  used  is  passed  through  the  armature  and  comniutating 
field  in  series  and  voltage  readings  taken. 

NKUTRAL   CHECK 

To  test  for  correct  brush  setting  the  motor  should  be  con- 
nected to  a  similar  machine  operating  as  a  generator  which  may  be 
loaded  back  or  carrying  a  resistance  load.  If  the  latter,  care  should 
be  taken  that  sufficient  load  is  connected  in  when  starting.  The 
motor  is  then  started  slowly  and  the  load  brought  up  to  normal. 
Speeds  are  checked  at  the  lOO  and  125  percent  load  points  for  each 
direction  of  rotation,  readings  being  taken  of  line  volts,  line  am- 
peres, field  volts  and  speed  in  each  case  and  commutation  noted. 
A  five  percent  variation  from  the  limits  for  which  the  motors  are 
designed  is  reasonable  for  speed  and  field  volts. 

HIGH    SPEED   TESTS 

The  high  speed  recjuirement  for  a  railway  motor  is  usually  in 
the  neighborhood  of  7000  feet  per  minute  armature  peripheral 
speed.  To  run  the  test  the  motor  is  disconnected  from  its  load 
and  started  at  very  low  voltage,  which  is  increased  until  the  motor 
reaches  the  required  speed.  While  the  motor  is  coming  to  a  stop 
after  this  test  is  an  opportunity  to  polish  the  commutator  with  fine 
sandpaper.  The  motor  should  then  be  connected  at  once  for 
separate  excitation  and  run  at  rated  voltage  to  detect  any  defects 
which  the  high  speed  test  might  bring  out,  such  as  short-circuits, 
high  commutator  copper  or  mica,  and  coil  displacements. 

INSULATION    TESTS 

It  is  always  advisable  to  take  a  leakage  or  insulation  resistance 
test  to  indicate  the  condition  of  the  insulation  before  taking  the  high 
voltage  alternating— current  test.  When  the  first  test  is  satisfac- 
tory, as  explained  under  industrial  series  motors,  the  high  potential 
test  to  ground  is  taken  according  to  the  requirements  for  the  par- 
ticular motor  being  tested. 

COMMERCIAL  TESTS 

Where  railway  motors  are  made  in  large  quantities  and  of 
standard  design,  comj^lete  tests  need  not  be  frequent  and  the  com- 
mercial tests  neeed  ou\y  be  such  as  will  fully  demonstrate  any  elec- 
trical or  mechanical  defects  or  prove  the  similarity  o{  the  machine 
to  standard  machines  of  the  same  design.  A  rigid  mechanical  in- 
spection, as  described  at  the  beginning  of  the  article,  together  witii 
the  last  three  test  described  alx)ve,  namely,  neutral  check,  high  speed 
and  insulation  tests,  constitutes  ample  check  for  ordinary  commer- 
cial purposes. 
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952 — Wear    of    Converter    Commu- 
tator—  A     sub-station     contains 
two  rotary  converters,  three-phase, 
25  cycle,  four  poles,  340  volts  alter- 
nating current  and  500  to  550  volts 
direct  current  arranged    for    shunt 
or     compound     running,     one     for 
power    supply    and    the    other    for 
lighting.     There   is   a   single-phase 
transformer  on  each  phase.    There 
are  also  two  induction  motor  gen- 
erators.    We  are  troubled  with  an 
uneven   wearing   of   the    commuta- 
tors in  grooves.    All  the  armatures 
have  ample  end  play  in  the  bear- 
ings.    Sometimes  the  wear  is  even 
and  at  others  very  uneven.    When 
it  is  even   wear  there  seems  tO'  be 
a  slight  pulsation  in  the  alternating 
current  circuit  as  the  ammeter  has 
a  tendency  to  pulsate  and  the  arm- 
ature  appears   to    follow   this.     On 
the   other   hand,   at   times   the   ani- 
meter  needle  follows  the  load  with 
a  dead  beat  action  and  the  arma- 
tures run  in  one  position  and  the 
result  is  uneven  wear.   What  is  the 
cause  of   this   and  how  can   I   ar- 
range   to    get    even    wear    on    the 
commutators?      The    alternator    at 
the  power  house  is  three-phase,  25 
cycle,  8   pole.     The   line  is    about 
three    miles    long,    two    three-core 
cables  running  in  parallel   and  all 
star   connected    at   the   power    sta- 
tion. H.  A.  (ENGLAND) 

These  rotaries  apparently  have  no 
mechanical  oscillators.  By  equipping 
them  with  mechanical  oscillators 
and  properly  adjusting  the  amount  of 
oscillation,  trouble  from  uneven  com- 
mutator wear  should  be  eliminated. 
The  armature  movement  referred  to 
is  assumed  to  be  parallel  to  the 
shaft;  if  this  is  so,  it  is  proof  that 
an  oscillator  will  improve  oper- 
ation. R.  H.  N. 


953 — Permeability     of     Laminated 
Iron— It  is  generally  recognized 
that   the   annealing    of   laminations 
in    direct    current    armatures    and 
alternating  current  stators  reduces 
the    core-loss ;    can    you    give    any 
general  figures   for  the  percentage 
of  such  reduction  that  may  be  ex- 
pected  in   small   motors   up   to   50 
horsepower,  in  the  ordinary  stand- 
ard  types    and    sizes ;    applying   to 
reduction  in   total  losses?     It   has 
recently  come  to  my  attention  that 
annealing     such     laminations     in- 
creases the  permeability  by  a  very 
considerable  amount  in  some  densi- 
ties.     Can   you   give    me   any    data 
regarding  the  effect  on  the  perme- 
ability? H.  w.  s.  (OHIO) 
The  percentage  gain  due  to  anneal- 
ing   punchings    for    motors    depends 
entirely    upon    the    previous    history 
and   annealing   of   the   sheet   steel    at 
the  rolling  mill.     Steel  which  has  not 
been    annealed    at    all    will    generally 
have  its  losses  reduced  50  percent  by 
annealing.    Most  steel  used  for  mag- 
netic   purposes    is    annealed    by    the 
makers     and     subsequent     annealing 
may    or    may    not    affect   the    losses 
very  much.     Five  to  twenty  percent 
is  the  usual  decrease  in  loss,  due  to 
careful  annealing.     The  losses  in  the 
motor  will  be  reduced  but  one  or  two 
percent   by    this    change.     Annealing 
improves  the  permeability  on  moder- 
ate and  low  inductions,  but  has  little 
effect  at  high  induction.  l.  w.  C 
954 — U  n  d  e  r  wr  i  ter's  Approval — 
Please  explain  the  requirements  to 
get    electrical    apparatus    approved 
by     the     Board     of     Underwriters. 
Can  apparatus  be  sold  pending  ap- 
proval bv  the  Underwriters? 

M.F.  C.  (IDAHO) 

Apparatus    to    be    approved    under 
the  provisions  of  the  National  Elec- 
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trical  Code  must  be  submitted  to  the 
Underwriters'  Laboratories.  Inc., 
cither  at  Chicago  or  New  York.  The 
Underwriters  send  representatives  to 
mamilacturing  plants  wlicn  so  de- 
sired, or  the  apparatus  under  consid- 
eration may  be  sent  to  Laboratories 
where  it  will  be  tested  with  refer- 
ence to  its  meeting  tlie  requirements 
of  the  National  Electrical  Code  and 
with  reference  to  its  performance, 
judged  from  the  fire  hazard  stand- 
point. The  results  of  tlie  tests  and 
cxaminatiDiis  by  the  Laboratories  are 
put  into  the  form  of  a  report  which 
is  submitted  to  the  Electrical  Com- 
mittee of  the  National  Fire  Protec- 
tion Association  and  this  committee 
votes  to  approve  or  disapprove  the 
recommendations  of  the  Labora- 
tories. The  final  decision  of  tlie 
committee  is  promulgated  in  the 
form  of  a  card  which  is  furnished 
to  all  inspection  departments 
throughout  the  L'nited  States,  and 
these  inspection  departments  in  ex- 
amination of  risks  will,  in  practically 
all  cases,  follow  the  findings  of  tne 
Electrical  Committee.  It  a  device  is 
judged  as  satisfactory  by  the  Labo- 
ratories and  the  committee,  it  will  be 
passed  by  an  inspector;  if  judged  as 
unsatisfactory  and  as  not  meeting 
the  requirements  of  the  Code,  the  ap- 
proval of  the  risk  may  be  withheld 
until  such  device  is  removed  or  mod- 
ified in  accordance  with  the  sugges- 
tions of  the  Laboratories.  The  Un- 
derwriters' Laboratories  and  the  Na- 
tional Eire  Protection  Association 
have  no  authority  to  prohibit  the 
manufacture  and  sale  of  such  devices 
as  are  not  approved  or  prohibit  their 
sale  pend'ng  approval.  They  cannot 
prohibit  their  installation,  except  by 
their  refusal  to  insure  property 
where  such  devices  are  installed. 

c.  E.  s. 

955 — Tractive  Effort — In  a  single 
end.  four  motor  railway  car,  wired 
for  series  parallel  operation,  which 
method  of  connecting  the  motors 
will  give  tlie  greater  tractive  ef- 
fort on  the  series  positions.  Nos. 
I -J  -nd  3-4  motors  in  paralUl  as 
in  l-'ig.  1)55  (a>  or  Nos.  i-,^  and 
j-4  motors  in  parallel  as  in  Eig. 
033  (b)?  Which  mctliod  is- better 
practtice  and  why.  r.  w.  y.  (mo.) 
Tractive  effort  is  entirely  a  func- 
tion of  current,  and  for  a  given  cur- 


rent in  the  motors,  tlie  same  tractive 
effort  is  secured  with  either  method 
of  connection.  Tlic  connections 
shown  in  Fig.  955  (b)  arc  standard 
for  K  or  drum  type  controllers,  the 
])urpose  being  to  keep  both  trucks  ac- 
tive and,  therefore,  maintain  smooth 
acceleration     during     the     transition 
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FIG.  955   (a)   AND   (b) 

from  series  to  parallel,  while  one 
pair  of  motors  is  momentarily 
short-circuited.  This  arrangement  is 
also  advantageous  when  operating  a 
car  on  short  radius  curves,  with  one 
pair  of  motors  cut  out.  The  two  ac- 
tive motors,  being  located  one  on 
each  truck,  will  prevent  one  truck 
from  binding  on  the  curve  and  stall- 
ing the  car.  K.  A.  s. 

956 — Polyphase  Wattmeter  with 
Unbalanced  Load — A  five  horse- 
power. 220  volt,  two-phase,  60  cycle 
motor  is  metered  by  a  two-phase 
w-att-hour-meter.  On  one  phase  of 
tliis  same  meter  there  is  a  three 
horsepower,  single-phase.  220  volt 
motor.  Would  there  be  any  error 
in  the  wattmeter  reading  as  shown, 
and  if  so,  how  much? 

E.G.  E.  (W.  VA.) 

Within  the  inherent  limits  of  ac- 
curacy of  the  meter,  the  registration 
will  be  correct.  c.  R.  R. 

957 — Local    Distribution    System — 

We  have  a  three-pliase.  550  volt 
distribution  system  in  a  paiicr  mill 
which  at  present  is  being  over- 
liauled.  Owing  to  the  presence  of 
acid  fumes  most  of  the  wiring  is 
carried  on  overhead  roof  trestles. 
re<|uiring  spans  of  from*6o  to  150 
feet.  The  mam  cable  feeders  vary 
from  4(K>ooo  to  750000  C.  M. 
Sucli  cables,  often  nine  in  all.  run 
to  a  single  stefl  trestle  What  type 
of  suspension  strain  insulator 
would  you  use   for  this  voltage  or 
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do  you  think  pin  type  insulators 
would  answer?  Would  you  advise 
using  a  suitably  large  cable  clamp? 
We  are  not  inclined  to  regard  a 
clamp  on  such  a  large  cable  as  sat- 
isfactory. To  make  it  easy  on  the 
cable  we  are  using  large  sags.  Do 
you  regard  this  formula  satisfac- 
tory for  calculating  pull  on  strain 
insulator? 
w  s^ 


h  — 


8t 


where  /?  =  sag  in  feet, 


zv  =  weight  per  foot,  t  =  total  ten- 
sion in  wire  in  lbs.  at  center  of 
span,  and  s  ^  span  in  feet.  Ice  al- 
lowance, ^  inch  all  around. 

With  these  heavy  cable  spans 
we  are  adopting  a  wound  and  sol- 
dered type  of  connector.  Would 
some  other  form  be  preferable? 

A.  S.  (ONTARIO) 

We  consider  that  a  pin  type  porce- 
lain insulator  supported  on  a  bracket 
would  be  cheaper  than  a  suspension 
type  of  insulator.  For  dead  ending, 
an  adjustable  wood  strain  insulator 
is  suggested.  A  wound  and  soldered 
joint  is  entirely  satisfactory  where 
the  feeder  is  tapped.  The  formula 
for  sag  and  tension  is  correct,  except 
that  the  allowance  for  ice  coating 
should  be  made  only  for  wiring 
which  is  exposed  to  the  weather 

w.  s. 
958— Single  Phase  from  Two.Phase 
— The  primaries  of  two  single- 
phase  transformers  are  connected 
to  the  proper  lines  of  a  four-wire, 
two-phase  circuit.  The  seconda- 
ries of  the  transformers  are  con- 
nected in  series,  as  in  Fig.  946  (a). 
What  potential  exists  between  the 
outside  secondary  leads?  Can  a 
single-phase  load  thus  be  balanced 
on  a  two-phase  circuit?  If  not, 
why?  c.  j.E.  (oHio) 

(a)  The  voltage  between  the  two 
outside  secondary  leads  is  41.4  per- 
cent greater  than  that  across  the 
secondary  of  one  transformer,  (b) 
A  single-phase  load  can  be  balanced 
on  a  two-phase  circuit  in  this  man- 
ner so  far  as  current  is  concerned, 
but  the  rating  of  each  secondary 
winding  is  only  70.7  percent  of  the 
single-phase  rating.  The  vector  re- 
lations of  the  primary  circuit  will  be 
disturbed,  however,  to  such  an  extent 
that  only  a  single-phase  load  is  taken 
from  the  generator.    Thus,  as  shown 


in  Fig.  958  (b),  the  single-phase  line 
e.m.f.  will  be  the  vectorial  sum  of  the 
two  e.m.fs.  in  the  transformer  sec- 
ondaries and  will  be  45  degrees  out 
of  phase  with  each  of  the  primary 
e.m.fs.  The  secondary  current  will, 
with  a  lamp  load,  be  in  phase  with 
the  secondary  e.m.f.  The  primary 
current  must,  of  necessity,  except 
for  the  effect  of  magnetic  leakage  in 
the  transformers,  be  exactly  opposite 
that  in  the  secondary.  Hence  ,the 
current  in  phase  A  will  lag  its  volt- 
age by  45  degrees  while  that  in  phase 
B  will  lead  its  voltage  45  degrees. 
In  other  words,  the  two  currents  will 
be  in  phase  with  each  other.  Hence, 
only  a  single-phase  current  is  drawn 
from  the  generator,  through  two  cir- 
cuits in  parallel.  With  a  unity 
power    factor   in   the   secondary,   the 
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FIG.  958    (a)    AND    (b) 

amount  of  power  carried  by  eacli 
phase  of  the  primary  will  be  equal. 
But  at  lower  secondary  (single- 
phase)  power  factors,  the  power  in 
the  two  primary  phases  will  become 
more  and  more  unbalanced  until, 
with  a  single-phase  load  at  70.7  per- 
cent power  factor,  the  power  in  one 
of  the  primary  phases  will  be  zero, 
and  the  other  phase  will  be  carrying 
all  the  load,  although  the  current  in 
the  two  phases  will  still  be  approxi- 
mately equal.  At  lower  single-phase 
power  factor,  the  power  in  one  pri- 
mary phase  will  be  reversed.  See  also 
article  by  Mr.  C.  F.  Scott  on  "Three- 
Phase  vs.  Single-Phase  Transforma- 
tion" in  the  Journal  for  January, 
1906,  page  43.  w.  M.  M. 

959 — T  wo-Phase  Three-Phase 
Transformer  Connections — With 
the  scheme  of  connections  for  a 
bank  of  11  000  volt  to  2300  volt 
transformers  shown  in  Fig. 
959  (a),  for  supplying  a  two-phase 
motor  load  from  AD  and  BC  and 
a  three-phase  motor  load  from 
A-B-C,  the  transformer  which  has 
a  middle  tap  on  the  secondary  was 
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fuuiul   to   l)c   carrviiit;  cimsidcrablc 
more   current   than   the   otiier    two. 
Sliould    tlie    load    distril)Ute    itself 
equally  on  the  three  units  with  this 
connection  when  the  two-phase  and 
three-phase   loads   are   balanced   as 
with  induction  motors?    What  will 
happen  in  case  of  unbalanced  loads 
on   either  the  two-phase  or   three- 
phase   terminals?     g.  H.  H.  (calif.) 
The    load     should     not     distribute 
itself  equally  in  the  case  illustrated, 
but  the  transformer  havinj?  the  mid- 
dle tap  on  the  secondary  would  have 
a   much   larger  load   than   the   other 


11  000  V  Prtmirr 

L     '    J 

NAAAAAA/ 

i 

(a) 


200  Vmpefft 


FIG.  959    (a)    AND    (b) 

two  with  balanced  loads  on  both 
three-phase  and  two-phase.  The 
three-phase  load  would  be  balanced 
on  the  three  transformers  under 
all  circumstances,  so  that  it  is  only 
the  two-phase  load  which  causes  the 
overheating  of  this  transformer.  The 
currents  in  the  transformer  and  in 
the  line,  with  a  balanced  load  of  100 
amperes,  three-phase,  and  100  am- 
peres, two-phase  at  unity  power  fac- 
tor of  load  are  shown  in  Fig.  059  (b). 
The  current  in  phases  AH  and  AC  = 
V58  +  58  cos  30°)*+ (58  sin  30°)*; 
the  current  in  phases  BD  and  DC  = 
V(ioo  +  58)' +  58';  and  the  sur- 
rent  in  the  lines  B  and  C  = 
V(ioof 58+58  cos  60°)'+ (58  sin  60")'. 
By  the  method  indicated  in  the  above 
equations  the  effect  of  any  unbalance 
of  load  at  any  power  factor  may 
readily  lie  determined.  c.  f. 

960— Unbalanced  Scott  Connection 
—  (a)  Two  standard  2200  to  220 
volt  transformers  are  connected  on 


the  high  tension  side  like  the  Scott 
connection  except  that  no  87  per- 
cent tap  could  be  found  and  the 
full  100  percent  winding  is  used. 
Is  this  called  a  "T"  connection? 
If  the  two-phase,  220  volt  circuit 
be  connected  to  the  low  tension 
side  what  will  be  the  phase  re- 
lations and  voltages  on  the  high 
tension  side?  Also  please  show  by 
vector  diagrams  what  will  be  the 
phase  and  voltage  relations  on  the 
low  tension  side  if  a  three-phase. 
2200  volt  potential  be  connected 
to  the  high  tension  side  (b).  A  90 
percent  tap  on  the  high  tension  side 
of  one  of  two  13200  to  2200  volt 
transformers  is  used  instead  of  an 
87  percent  tap  to  transform   from 


FIG.   960    (a),    (b)    AM)    (c) 

three  to  two  jjhases.  What  will  be 
the  effect  0:1  the  low  tension  side? 
Can  you  give  any  reason  why  the 
transformer,  with  the  50  percent 
tap  should  heat  up?  The  heating 
is  not  due  to  the  load  for  other 
standard  transformers  of  the  same 
capacity  with  the  true  Scott  con- 
nection handled  this  load  without 
heating.  c.  w.  f.  (ohio) 

(a)  A  "T"  connection  is  used  only 
for  three-phase  transformation  with 
both  high  tension  and  low  tension 
connected  in  the  same  manner.  If 
220  volt,  2  phase  be  applied  to  the 
low  tension,  the  phase  relations  and 
voltages  of  the  high  tension  will  be 
as  shown  in  Fig.  960  (a).  There  will 
be  2  200  volts  induced  across  the  high 
tension  winding  of  each  transformer 
and  the  cross  voltage  ab  and  be  will 
be  V2  200'  +  I  100'  =  2  460  volts.  I  f 
balanced  three-phase  voltage  be  ap- 
plied to  the  higii  tension,  the  voltage 
across  the  low  tension  of  the 
main  transformer  will  be  220  volts, 
while  that  across  the  teaser  will  "be 
V220* — iio'=  190  volts,  as  shown  in 
Fig.  960  (b).  (b)  Referring  to  Fig 
960  (c)  it  will  be  seen  that  the  proper 
voltage  for  the  teaser  transformer  is 
II  430.  The  tap  used  is  for  0.9 x 
13  200  =  1 1  880  volts.  1 1  430  >x>lts 
are.    therefore,    being    applied    to    a 
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winding  intended  for  11880  volts  and 
the  voltage  across  the  \ovf  tension  is 

^— 6-5-x  2  200  =  2  116  volts.  The  volt- 
11880 

age  across  the  main  transformer  is 
2  200.  We  have  then  one  low  tension 
voltage  approximately  3.5  percent 
higher  than  the  other,  which  tends 
to  make  the  main  transformer  take 
the  greater  share  of  the  load.  This 
may  explain  the  heating  referred  to, 
although  there  may  be  additional 
causes.  See  Nine-Year  Topical  for 
references  to  numerous  articles  on 
this   subject.  w.  m.  M. 

961 — Parallel  Operation  of  Rotary 
Converters — ^(a) — Given  two  sin- 
gle-phase rotary  converters  on  the 
same  shaft  designed  to  operate  in 
parallel  upon  400  volts  direct-cur- 
rent.    If  the  poles,  armatures  and 
alternatingcurrent  taps  of  both  ma- 
chines  are   in   the  correct   relative 
positions,    does    the    direct-current 
brush    position    have    anything    to 
do  with  the  correct  paralleling  of 
th  e     alternating-current     ends? 
When    these    machines    are    con- 
nected in  parallel  sixteeen  amperes 
flow    through    them,    and   there    is 
something  like   forty-six  volts  be- 
tween     alternating-current      rings 
that  should  be  zero,    (b)— Assum- 
ing  the    machines    to_  be   correctly 
assembled,     what     might     be     the 
trouble?        w.  w.  b.,  jr.   (penna.) 
(a)— Yes.      (b)— The    circulatiing 
current  may  be  due  to  difference  of 
brush    position    or    to    difference    of 
field   excitation,   or   to   differences   in 
field  flux   distribution   due  to   differ- 
ent   magnetic    constructions    in    the 
machines.  J-  L-  y. 

962 — Effect  of  Change  of  Fre- 
quency —(a) — Assume  that  we 
have  two  1.5  horse-power,  three- 
phase,  220  volt  induction  motors, 
one  being  for  60  cycle  and  the 
other  for  25  cycles.  What  differ- 
ence would  there  be  between  the 
two  machines?  (b) — If  these  ma- 
chines were  wound  for  220-440 
volts,  what  changes  in  the  windings 
would  be  necessary  if  machines 
■were  to  run  on  500  volts  or  650 
volts.  I  am  not  after  specific  in- 
formation regarding  certain  mo- 
tors, but  am  somewhat  hazy  on  the 
principles  involved.  R.  B.  (conn.) 
(^) — \ye  c^ssume  that  the  speed  of 


the  two  machines  should  be  as  near 
as  possible  the  same.  In  this  case 
the  two  machines  must  be  wound  for 
different  number  of  poles,  as  per  ex- 
ample : 

■c-      c-         1      7  200  alternations 

For  60  cycles, ^^ -, — -. =  i  200 

6  poles 

r.p.m.  synchronous  speed. 

T-         -        1      3  000  alternations 

ror  25  cycles,  -  , =  i  500 

^    ^        '  2  poles  ^ 

r.p.m.  synchronous  speed. 
In    order    to    obtain    similar    per- 
formance in  both  machines  it  is  nec- 
essary   to   use   the    same   number   of 
slots  per  phase  per  pole  and,  there- 
fore, we  will  have  in  the  first  case, 
6  poles  X  3  phase  x  2  slots  per  pole  per 
phase    (at  least)  =36  slots    (mini- 
mum). 

2  poles  X  3  phase  x  2  slots  per  pole  per 
phase  (at  least)==  12  slots  (mini- 
mum. 

Therefore,  the  diameter  of  the  six 
pole  motor  should  be  considerably 
larger  than  that  of  the  two  pole  to 
accommodate  the  larger  number  of 
slots.  On  the  other  hand,  the  length 
of  core  will  be  greater  on  the  two 
pole  motor.  The  depth  of  iron  be- 
low the  slots  will  also  be  very  much 
dift'erent  in  the  two  machines  as  the 
flux  per  pole  is,  of  course,  greater 
on  the  two  pole  than  on  the  six 
pole  machines.  In  general,  it  can  be 
said  that  for  a  given  horse-power 
and  speed,  the  25  cycle  machines 
have  smaller  armature  diameter  and 
greater  length  of  core.  There  are, 
of  course,  other  differences  like  size 
of  rotor  resistance  rings,  number  of 
turns  per  coil,  etc.,  but  the  main  dif- 
ference is  in  the  frame  dimensions, 
(b) — With  regard  to  the  difference 
between  machines  of  same  horse- 
power, frequency,  phases  and  speed, 
wound  for  different  voltages,  this 
can  be  determined  very  easily  by 
considering  that  the  magnetic  flux 
and  total  ampere-turns  should  be  the 
same  on  a  given  frame  and  rating 
irrespective  of  the  voltage  for  which 
the  motor  is  wound.  Now,  the  mag- 
netic flux  is  equal — 

<|,  — Y^'iage (i) 

Constant  x  r.p.m.  x  total  turns 

Ampere  turns  =  total  turns  in  the 
motor  X  amperes  per  phase  at   full 

load (2) 

From    formula    (i)    it   is   evident 
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tli;it  ail  incna^i'  in  voltage  requires 
an  increase  in  nuniljer  of  turns  in 
direct  proportion.  Similarly  form- 
ula (2)  shows  that  for  a  given 
horse-power,  in  order  to  keei)  the 
ampere-turns  constant,  we  need  to 
increase  the  number  of  turns  when 
the  amperes  per  terminal  decrease, 
and  the  amperes  decrease  in  propor- 
tion to  the  increase  in  voltage.  The 
total  number  of  turns  is  equal  to  the 
turns  per  coil  nuilliplied  hy  the  num- 
ber of  coils,  and  the  number  of  coils 
equals  the  number  of  slots  for  a  two 
coil  per  slot  winding,  and  equals  one- 
half  the  number  of  slots  for  a  one 
coil  per  slot  winding. 

It  follows  that  the  number  of  con- 
ductors per  slot  varies  in  proportion 
to  the  voltage.  The  section  of  each 
conductor,  on  the  contrary,  varies  in 
inverse  proportion.  For  example,  in 
a  1.5  horse-power,  three-phase,  440 
volt  motor,  having  one  coil  per  slot 
and  65  conductors  per  slot,  the  cross- 
section  of  conductor  is  0.00063  sq. 
in.  In  a  1.5  horse-power,  two- 
phase,  550  volt  motor,  having  one 
coil  per  slot  and  65  conductors  per 
slot,  the  cross-section  of  conductor 
is  0.00050  sq.  in.     It  will  be  seen  that 

.,         .•     440        6t  o.ooo^o   • 

the  ratio  ^^   =     '^    —  ^     >s  ap- 

550        79         0.00063 

proximately  correct.  r,.  r. 

963 — Cost  of  Operating  Motors: — 
I'lcase    ailvi:-f    1;  >w    I'l    liyure    the 
cost   of   operating   a   motor,   either 
alternating    or    direct-current,    for 
any    size    in    horse-power    at    any 
rate   for  power.       a.  f.  l.  (pe.nna.) 
In  order  to  figure  the  cost  of  op- 
erating  a   motor,    it    is    necessary    to 
know    the    efficiency    of    the    motor, 
then  the  input  of  motor  will  be 

Hp  developed  X  0.746       , 
'  ,,.   .'  '^     =  kw  input, 

erhciency 

If  now  the  rate  at  which  power  is 

sold  is  known,  the  cost  of  operating 

the    motor    per    hour    will    be — Rate 

(dollars     per    kw-hr.)'' kw     inputs 

dollars    per    hour.      She    article    on 

"I*"stimating     Power     Ci>sts"     in    the 

JoiRVAi.   for  February.    loil.  n.  p. 

964 — Care  of  Storage  Batteries: — A 

storage   l)attery    e<|uipmcnt    was   to 

be  put  out  of  commission    for  an 

indefinite   time  and    its  owner   did 

not  wish  to   spend   any   money   or 

care   on    it    during   that    time.      In 

looking  ofter  this  work  I   followed 

carefully   the   directions  prescribed 

in  .\merican  books  such  as  "Fos- 


ters Hand  Book,"  "Franklin  and 
Esty,"  ".\merican  School  of  Cor- 
respondence," and  others ;  the  bat- 
tery, discharged  in  rain  water 
until  the  voltage  came  practically 
to  zero,  was  rinsed  with  several 
changes  of  water  and  afterwards 
the  plates  were  allowed  to  dry. 
This  American  practice  was  im- 
pugned here  and  I  wish  to  have 
your  opinion  as  to  the  efficiency  of 
such  a  procedure  as  recommend- 
ed by  American  authors  and  if 
you  know  of  any  American  firms 
who  use  this  method  of  putting 
their  batteries  out  of  service. 

A.  A.  T.  (ENGLAND) 

The  method  outlined  for  taking 
a  storage  battery  of  the  stationary 
type  out  of  commission  will  give 
good  results,  but  it  has  been  found 
that  the  process  can  be  very  much 
simplified  and  equally  good  results 
obtained  by  omitting  the  discharge 
in  water,  and  instead,  allowing  the 
elements  to  stand  immersed  in 
water  for  12  or  15  hours,  after 
which  the  water  can  be  withdrawn 
and  the  plates  can  then  stand  indefi- 
nitely without  further  attention. 
We  take  it  that  you  have  in  mind 
storage  batteries  for  stationary  ser- 
vice. For  batteries  for  vehicle  ser- 
vice, the  taking  out  of  commission 
procedure  is  somewhat  different  and 
the   above   comments   will   not   apply. 

u.  L. 

965 — Exciter  Operation :  —  Please 
tell  (a)  how  to  determine  what 
size  the  exciter  should  be  for  a 
given  size  of  alternator;  also,  the 
amount  of  resistance  necessary  to 
insert  in  the  field  circuit  of  an 
alternator  of  given  size.  (b) 
Please  describe  the  best  method 
of  applying  a  test  load  on  a  220 
volt,  60  cycle  alternator  of  a 
given    size?  a.  f.  L.  (penna.) 

(a)  The  ampere  capacity  of  the 
exciter  should  be  equal  to  the  ex- 
citing voltage  (usually  125)  divided 
by  the  resistance  of  the  field  wind- 
ing of  the  alternator.  The  resist- 
ance of  the  alternator  rhtostat 
should  be  suflficient  to  reciuce  the 
alternator  voltage  to  70  percent  of 
normal  with  normal  exciter  volt- 
age, (b)  If  the  alternator  is  con- 
nected to  its  engine  it  may  be  loaded 
on  water  rheostats.  Barrels  may  be 
conveniently  used  for  a  temporary 
rheostat.     '  f.  d.  n. 
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966 — Synchronous  Motors  with  Al- 
ternating Excitation: — A  60  cycle 
motor,  to  operate  at  synchronous 
speed  of  100  r.p.m.  must  have  72 
poles.  Would  it  be  possible  to 
excite  tlie  wound  secondary  of  an 
induction  motor,  or  the  field  of  a 
synchronous  motor  with  30  cycle 
current,  so  that  a  36  pole  motor 
would  operate  at  100  r.p.m.  and 
tliereby  affect  a  saving  in  the  cost 
of  tlie  motor.  Would  the  size  of 
tile  exciter  have  to  be_  great 
enough  to  over  balance  this  sav- 
ing? (b)  Would  it  be  possible  to 
generate  60  cycle  current  in  a  36 
pole  generator  at  100  r.p.m.  in  a 
similar  manner  by  exciting  the 
fields  with  30  cycle  current? 
Would  any  current  in  tliis  case  be 
drawn  from  the  exciter  by  a  sort 
of  transformer  action  in  the  gen- 
erator in  addition  to  that  required 
to  excite  the  generator  field? 
Please  explain  why  this  scheme  is 
or  is   not  practicable? 

R.  B.   (PENN.\.) 

If  a  synchronous  motor  is  pro- 
vided with  a  distributed  field  wind- 
ing having  the  same  number  of 
phases  as  the  armature  winding  and 
excited  with  polyphase  alternating 
current,  the  motor  will  rotate  at  such 
a  speed  that  the  sum  of  the  exciting 
frequency  and  the  frequency  due  to 
rotation  is  equal  to  the  armature 
supply  frequency.  Thus,  if  tlie 
armature  frequency  is  60  cycles  and 
the  exciter  frequency  is  30  cycles, 
the  frequency  due  to  rotation  will 
be  30  cycles  and  the  speed  with  36 
poles  will  be  100  r.p.m.  This,  of 
course,  assumes  that  the  exciter 
windig  is  so  connected  that  the  ex- 
citing field  rotates  in  the  same  di- 
rection, as  the  field  rotates  mechan- 
ically. The  motor  would  operate  as 
a  generator,  as  in  the  case  with  any 
•synchronous  motor.  With  the  speed 
and  pole  combination  assumed,  the 
exciter  would  supply  half  the  energy 
to  the  60  cycle  circuit  through  trans- 
former action  in  the  machine  operat- 
ing as  a  generator,  the  other  half 
l)eing  supplied  through  transforma- 
tion of  the  mechanical  energy  of 
the  prime  mover.  This  means  the 
exciter  would  be  half  the  capacity 
of   the    main   generator.      It    will   be 


noted  that  structurally  the  synchro- 
nous motor  would  be  the  same  as  a 
phase  wound  induction  motor  and 
an  induction  motor  so  excited  would 
probably  operate  in  synchronism  as 
a  synchronous  motor  at  low  loads. 
At  larger  loads,  it  would  pull  out  of 
step  and  operate  as  an  induction  mo- 
tor. The  diflference  between  tlie 
synchronous  and  induction  motors 
would,  therefore,  be  only  in  the  de- 
sign proportions,  the  synchronous 
motor  being  designed  with  a  suffi- 
ciently strong  field  with  respect  to 
the  armature  that  it  would  not  pull 
out  of  synchronism  under  the  loads 
for  which  it  is  designed.  While  this 
method  of  excitation  is  feasil)le,  the 
cost  of  the  motors  and  alternating- 
current  exciters  would  not  compare 
favorably  with  the  cost  of  the  or- 
dinary forms  of  motor  with  double 
the  number  of  poles.  This  is  partic- 
ularly true  in  the  case  of  the  syn- 
chronous motor  since  doubling  the 
number  of  poles  with  constant  speed 
reduces  the  cost  rather  than  in- 
creases   it.  F.  D.  N. 


CORRECTIONS 


The  first  paragraph  under  the 
heading  "Commercial  Test,"  p.  804  of 
the  August  Journal,  should  read  as 
follows : 

The  ball  bearing  should  be  exam- 
ined to  see  that  proper  lubricant  has 
been  supplied  in  sui^cient  quantity. 
The  brush  holders  shoiild  be  set  for 
backward  lead,  with  the  direction  of 
rotation  such  as  to  give  forward 
movement  of  the  vehicle.  The  motor 
is  then  belted  or  direct  connected 
to  a  generator  of  sufficient  capacity 
to  furnish  200  percent  motor  load. 
The  'field  windings  are  usually  di- 
vided into  two  circuits,  which  may 
be  connected  in  series  or  parallel. 
During  the  test,  these  circuits  are 
ordinarily  connected  permanently  in 
parallel. 

In  the  sixth  line  from  top  of  p. 
7.S3  in  the  August  Journal,  the  word 
"inversely"  should  read  "directly." 
In  the  caption  to  Fig.  9.  p.  759,  the 
word  "grounded"  should  read  "im- 
.arounded." 


Tim  liI.llCTRlC  JOURNAL 


(fO 


t 


PERSONALS 


Mr.  J.  l-ranklin  Miyor.  Pli.l)..  fur 
the  last  ff)ur  years  pliysical  cnKincv.'r 
fdf  tl)c  Wcstinglitiusc  Lamp  CdUipany, 
lUoomficld,  N.  J.,  lias  been  app(jinlcd 
associate  physicist  in  the  Bureau  of 
Standarfis,  Washington,  D.  C  Dr. 
Meyer  entered  on  his  new  work  on 
July   16. 

Prof.  Henry  H.  Norris,  heail  of  the 
department  of  electrical  engineering  at 
Cornell  University,  has  resigned,  but 
will  continue  to  have  his  headquarters 
in  Ithaca,  N.  Y.,  where  he  will  devote 
part  of  his  time  to  ed  torial  work. 
Prof.  \'.  Karapetoff  has  been  appointed 
acting  Iiead  of  the  department  of  elec- 
trical engineering.  At  present  Prof. 
Karapetoff  is  on  a  long  western  tour  of 
inspection  of  various  power  and  trans- 
mission svstems. 


Mr.  C.  H.  Sanderson,  general  (.ii>;i- 
neer  on  switchboard  and  jjower  station 
design  for  the  Westinghouse  Electric 
&  Mfg.  Company,  has  resigned  to  ac- 
cept the  position  of  electrical  engineer 
of  the  Havana  Electric  Railway  Light  & 
Power  Company.  On  August  13  a 
farewell  dinner  was  given  in  honor  of 
Mr.  Sanderson  at  the  Fort  Pitt  Hotel 
by  about  75  of  his  associates,  at  which 
he  was  presented  with  a  handsome 
watch   fob. 


Mr.  (i.  W.  Canney,  manager  of  the 
service  department  f>f  the  Westing- 
house  Electric  &  Mfg.  Company,  is 
touring  the  West  on  an  insj)ection  trip. 


ILLUMINATING    ENGINEERING    SOCIETY 
CONVENTION 


.•\t  the  last  meeting  of  the  (icncra! 
Convention  Committee  of  the  Illumin- 
ating Engineering  Society,  held  in  the 
rooms  of  the  society  in  the  Engineering 
Societies'  Building.  New  York  City, 
complete  arrangements  were  made  for 
the  seventh  annual  convention  to  he 
held  at  Hotel  Schcnley,  Pittsburgh, 
September  22  and  2t.  The  .\ttendance 
and  Transportation  Committee  reported 
that  such  a  large  number  of  members 
and  others  interested  in  illumination  ha<l 
signified  tlieir  intention  «^if  being  pres- 
ent at  the  convention,  that  the  attend- 
ance will  probably  far  surpass  all  pre- 
vious conventions.  The  committee  has 
arranged  for  a  pccial  train  to  leave 
Xew  York  over  the  Pennsylvania  Rail- 


road, Sunday,  September  Ji.  at  10  A.  M. 
The  delegates  from  Hoston  will  also 
travel  by  this  train.  It  will  pick  ui)  a 
delegation  in  Philadelphia  at  11:57 
.\..\i.,  and  reaching  Harrisburg  at  2:i^ 
P.  M..  will  there  take  (jn  the  delegates 
from  Baltimore  and  Washington,  reach- 
ing Pittsburgh  at  8:50  P.  M.  A  special 
train  for  the  Western  delegate  will 
leave  Chicago  over  the  Lake  Shore  & 
Michigan  Southern  Railroad  from  the 
La  Salle  Street  Station  at  8:20  P.  M., 
Sunday,  September  21,  arriving  at  Pitts- 
l)urgh  at  7:40  A.  M.,  Monday.  Other 
special  accommodations  will  be  pro- 
vided as  needed.  These  trains  will  be 
met  at  points  outside  of  Pittsburgh  by 
members  of  the  local  committee  to  look 
after   the   needs   of   the   travelers. 

The  local  committee  has  arranged  for 
a  full  program  of  entertainment  feat- 
ures, including  baseball,  golf,  tennis, 
theatre  and  bridge  parties,  trips  to  some 
of  Pittsl)urgirs  big  industrial  plants,  au- 
tomobile rides,  ending  in  a  banquet  on 
Wednesday  evening,  September  24. 

A  glance  at  the  program  given  below 
will  give  an  idea  of  the  good  things  of- 
fered by  the  Papers'  Committee.  The 
meeting  Tuesday  evening  will  be  beld 
in  Soldiers'  Memorial  Hall,  at  which 
time  a  description  and  demonstration  of 
the  wonderful  lighting  effects  installed 
therein  will  be  given.  The  Publicity 
Committee  is  preparing  an  attractive 
souvenir  book  containing  a  program  of 
the  convention,  a  copy  of  which  will  be 
mailed  to  each  member,  and  any  oth- 
ers desiring  it,  about  a  week  before  tho 
convention. 

The  following  program  of  papers  has 
been  decidei!  upon  : 

"The  Development  of  .Mternating- 
Current  Luminous  .Xrc.  Lamps,"  Dr.  C. 
P.  Steinmetz,  of  the  (leneral  Electric 
Company,  Schenectady.  X.  Y. ;  "The 
Quartz  Mercury  \'apor  Lamp  and  its 
Application."  Mr.  W.  A.  1).  Evans, 
Cooper,  Hewitt  Electric  Company,  Ho- 
Imken,  N.  J.;  "Characteristics  of  En- 
closing Glassware,"  Mr.  V.  R.  Lansingii. 
of  the  Holophane  Company.  Cleveland. 
Ohio;  "The  Cooling  Effect  of  Leading- 
In  Wires  Upon  the  l-'ilaments  of  Lanius 
of  the  Street  Series  Type,"  Mr.  T.  H. 
Amrine.  of  the  Harrison  Laboratory  of 
the  General  Electric  Company ;  "The 
Neon    Tube    Lami),"    Mr.    M  ".s 

Clause,  of  Boulogne.  l'"rancc :  "\ 
tane    Lamp    as    a    Working    St.tndarti." 
Messrs.    E.    C.    Crittenden    and    .\.    H. 
Tavlor,   of    the    Bureau   of    Standards: 
"The  Use  of  Nitrogen  at  Low  Prcs=  :- 
in  Tungsten  Lamps. "  Mr.  G.  M.  J.  N' 
Kay,  of  the  Research  Laboratory  o: 
General  Elecfrir  Comr.  .:'•..  Schcnei- 
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N.    Y. ;     "TIic     Photo-Elcctrii-     Cell     in 
Photonietrj-,"    Prof.    F.    K.    Richtmyer, 
of    Cornell    University,    Ithaca,    N.    Y. ; 
"The  Efficiency  of  the  Eye  Under  Dif- 
ferent   Systems    of    Illumination.      Thf 
Effect  of  Varying  the  Distribution  and 
Intensity   of  Light,"   Dr.   C.   E.   Ferres. 
of    Bryn    Mawr    College,    Bryn    Mawr, 
Pa. ;   "Some   Theoretical   Considerations 
of  Light  Production,"   Mr.  W.  A.  Dar- 
rah,    of    the    Westinghouse    Electric    & 
Mfg.      Company ;      "Errors      in      Pho- 
tometric   Measuremeents,"    a    paper    by 
the  Engineering  Department  of  the  Na- 
tional Electric  Lamp  Association,  Cleve- 
land,   Ohio;    "The    Illuminating    Engi- 
neernig  Laboratory  of  the  General  Elec- 
tric  Company   at  Schenectady,"   Mr.   S, 
L.  E.   Rose.  General  Electric  Company, 
Schenectadv.    N.    Y. ;     "Church    Light- 
ing,"  Mr.   R.   B.   Ely,   of   the    Philadel- 
phia    Electric     Company,     Philadelphia, 
Pa. ;   "Modern   Practice   in   Street  Rail- 
way Illumination,"  Mr.  S.  G.  Hibben,  of 
the      Macbeth-Evans      Glass      Company, 
Pittsburgh,    Pa.;    "Hospital    Lighting," 
Mr.  W.  S.  Kilmer,  of  ihe  H.  W.  Johns- 
Manville  Company ;  "Window  Lighting," 
Mr.  H.  B.  Wheeler,  of.  the  National  X- 
Ray   Reflector   Company,   Chicago,    111.; 
"Distinctive  Store  Lighting,"  Mr.  C.  L. 
Law,   superintendent  of  the  Bureau   of 
Illumination,    New    York    Edison    Com- 
pany,   and    Mr.    A.    L.    Powell,    of    the 
Harrison   Lamp   Works   of   the   General 
Electric   Company;    "Some    Commercial 
Aspects    of    Gas    Lighting,"    Mr.    J.    E. 
Philbrick,    of   York,    Pa.;    "A    Problem 
in  Church  Lighting,"   Mr.  E.  F.  Kings- 
bury,    of     the     Photometrical     Labora- 
tory   of     the    United     States     Improve- 
ment     Company,      Philadelphia,      Pa. ; 
"New    Commercial    Fields    Opened    by 
Recent    Developments    in   Lamp    Manu- 
facture,"   by    the    Engineering    Depart- 
ment   of    the    National    Electric    Lamp 
Association,     Cleveland,     Ohio;      "The 
Evolution   of   Illuminants,"   Mr.   Roscoe 
E.  Scott,  of  the  National  Electric  Lamp 
Association,      Cleveland,     Ohio;      "The 
Psychological   Values   of   Light,    Shade, 
Form  and  Color,"  Dr.   F.   Park  Lewis, 
president  of  the  American    Association 
for    the   Conservation    of    Vision,    Buf- 
falo, N.  Y. 

DETAILED   PROGRAM. 

-Monday,  9:00  A.  ilf.— Registrat'on, 
Session,  '  Address  of  Welcorne,  Re- 
sponse, Presentation  of  Historic  Gavel 
to  Society  by  Prof.  Geo.  A.  Hoadley, 
of  Swarthmore  College.  Presidential 
Address,  P.  S.  Millar.  Report  of  Com- 
mittee OH  Progress,  F.  N.  Morton, 
chairman. 

Monday,  2:30  P.  M. — Technical  Ses- 
sion. 


Monday,  8:30  P.  M. — Reception  and 
Ball  for  members  and  friends,  in  Ho- 
tel Schenley  Ball  Room. 

Tuesday,  10:00  A.  M. — Technical 
Session. 

Tuesday,  2:00  P.  M. — Visit  to  East 
Pittsburgh  works  of  Westinghouse 
Electric  &  Mfg.   Company. 

Tuesday,  8:00  P.  M. — Lecture  at  Sol- 
diers' Memorial  Hall,  "The  Evollition 
of  Illumination,"  Mr.  Roscoe  Scott,  of 
Cleveland. 

Wednesday,  9:30  A.  M. — 2:00  P.  M. — 
Commercial  Session,  papers  and  dis- 
cussion. 


Wednesday, 


h'oo 


P.     M.  —  Forbes 


Field.  Baseball  Game.  National 
League,  Pittsburgh  vs.  Brooklyn. 

Wednesday,  6:30  P.  M. — Banquet  at 
Hotel  Schenley. 

Thursday,  10:00  A.  M. — Technical 
Session;  Papers  and  Discussion.  In- 
troduction of  President-Elect  Chas.  O. 
Bond. 

Thursday,  2:30  P.  M. — Technical  Ses- 
sion. 

Thursday.  S:oo  P.M. — Theater  Party, 
Grand  Opera  House.  Complimentary  to 
visiting  delegates  and  ladies. 


A.  E.  R.  A.  CONVENTION 


The  annual  convention  of  the  Ameri- 
can Electric  Railway  Association  is  to 
be  held  in  Atlantic  City,  October  13-17- 
President  Harries  has  issued  a  call  urg- 
ing executives,  directors  and  heavy 
stockholders  to  attend  the  convention 
as  well  as  those  engaged  in  pure  oper- 
ating work,  indicating  that  the  parent 
association  is  considering  many  prob- 
lems of  vital  interest  to  them  and  that 
detail  matters  have  been  delegated  to 
the  affiliated  associations.  The  prelim- 
inary program  indicates  many  subjects 
of  great  interest  to  railway  men.  Since 
1911  some  15000  sq.  ft.  of  exhibit  space 
have  been  added  to  the  Pier  layout  so 
that  the  manufacturers'  exhibit  will  un- 
doubtedly be  the  largest  in  the  history 
of  the  association. 


ASSOCIATION  ISLAND  MEETING 


The  Association  Island  Corporation 
has  invited  the  presidents  of  all  the 
electrical  associations,  societies  and 
leagues — national,  state  and  city — to  at- 
tend a  meeting  on  Association  Island. 
September  3-6.  The  following  program 
has  been  announced : 

"Government  in  Relation  to  Busi- 
ness," Mr.  Wm.  D.  McHugh,  Omaha, 
Nebraska;  "Distribution  of  Electric 
Energy  —  Present  and  Future,"  Mr. 
Samuel  Insull.  president  Common- 
wealth-Edison   Company,    Chicago,    111.; 
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At  any  time  during  a  period  extending  back  at  least 
General        ten  years,  it  has  been  possible  to  provide  technically 
Railway        satisfactory  operation  of   heavy   railways  by  elec- 
Electrification  ^^'^ity.      During   that   period   a    few    important   in- 
stallations have  been  made,  and  with  results  quite 
in   accord  with   the  calculations   and   predictions   upon   which   they 
were  undertak'cn.     Compared  with  the  total  mileage  of  steam  rail- 
ways in  operation  in  the  world,  the  electrified  mileage  is  extremely 
small,  and  especially   so  when   we  consider  the  extent  of   the  ap- 
plication of  electric  power  in  practically  every  other  industry.    The 
(juery  naturally  arises— Why  has  the  use  of  electricity  in  this  field, 
wherein  the  electric  motor  seems  especially  fitted  to  serve,  been  of 
>uch  slow  growth?     Why  have  not  the  oft-repeated  and  confident 
predictions  of  the  past  twenty  years  been  more  completely  realized  ? 
Why  are  not  thousands  of  miles  of  our  steam  railways  operating  * 
by  electricity   instead  of  a  few  hundreds? 

There  is  evidence  of  a  growing  interest  on  the  part  of  railroads 
in  the  adoption  of  electric  traction ;  and  within  the  past  year  a 
number  of  important  projects  have  arisen,  one  of  which  is  de- 
scribed by  Mr.  V .  V.  Rdiirer  in  this  issue  of  the  Journal.  There 
is,  however,  no  eviflence  that  the  steam  railroad  managers  of  this 
country  arc  intending,  in  the  immediate  future,  to  make  a  general 
substitution  of  electric  for  steam  traction.  Abroad  there  seems 
to  be  a  more  general  moveuient  in  this  direction  than  in  the  United 
States.  In  nearly  every  instance  in  the  past,  where  electric  trac- 
tion has  been  installed  by  a  steam  railway.  s<^me  special  cause  has 
led  to  its  adoption.  This  is  also  the  case  with  most  of  the  project^ 
now  under  consideration. 

In  the  opinion  of  the  writer,  there  are  two  principal  causes 

that  have  retarded  the  development  of  the  electric  art  as  applied  to 

steam  railways,  and  the  substitution  of  electric  traction  for  steam. 

In  the  first  place,  there  has  been  a  lack  of  agreement  on  the 
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part  of  eng-ineers  as  to  the  proper  standards  and  systems  to  be  em- 
ployed, especially  in  the  United  States,  which  has  naturally  led  the 
railroad  managers  to  hesitate  to  substitute  systems  of  traction 
concerning  the  sufficiency  of  which  recognized  authorities  do  not 
concur.  The  railroads  today  have,  through  a  long  period  of  coopera- 
tion, come  to  agree  very  largely  on  general  standards  to  be  em- 
ployed, and  one  of  the  important  factors  in  any  general  plan  of 
steam  railroad  electrification  is  the  necessity  and  desirability  of 
agreement  upon  electrical  standards  which  will  permit,  at  least  to 
a  certain  extent,  of  interchangeable  operation. 

In  Europe,  where  the  railroads  are  largely  owned  by  govern- 
ments, the  future  has  been  anticipated  to  the  extent  that  these  sub- 
jects have  been  considered  by  commissions  appointed  by  the  gov- 
ernments, and  conclusions  reached  in  many  countries  on  funda- 
metal  electrical  standards.  No  such  agreements  or  conclusions 
have  been  reached  in  this,  country. 

For  a  number  of  years,  there  has  been  carried  on  in  the  public 
press  and  elsewhere,  a  controversy  which  would  lead  a  layman  to 
believe  that  there  was  a  much  wider  difference  of  opinion  as  to  the 
efficiency  of  certain  systems  of  electric  traction  than  has  actually 
been  the  case.     As  a  matter  of  fact,  competent  authorities  have  all 
along  been  in  substantial  agreement  and  have  recognized  that  most 
of  the  problems  of  steam  railway  electrification  may  be  solved  satis- 
factorily in  more  than  one  way,  while    at    the    same    time  recog- 
nizing that  any  system,  which  fulfills  the  requirements  of  success- 
ful   operation,    must    of    necessity    embody    certain    fundamental 
characteristics   which   are   well   known   and   appreciated.      It   could 
scarcely  be  expected  that  railway  managers  would  be  unaffected  by 
this  controversy  on  the  part  of  the  misguided  persons  who  have 
been  fighting  the  imaginary  "battle  of  the  systems,"  and  it  would 
have  been  natural  for  them  to  draw  improper  conclusions  as  to  the 
real  attitude  of  those  engineers  and  manufacturers  who  were  and 
are  actually  creating  and  producing  apparatus  for  such  service. 

The  second,  and  after  all  the  real  impediment  to  the  more 
general  adoption  of  electrification  by  steam  railways,  has  been  the 
necessity  for  a  definitive  answer  to  the  question,  ''Will  it  pay?" 
In  other  words,  the  subject  is  an  economic  one  and  involves  the 
whole  question  of  railway  finance  and  economics,  and  it  is  obvious 
that  no  argument  will  appeal  to  a  railway  manager  in  this  day  of 
railroad  regulation  and  difficult  railway  finance  that  does  not  spell 
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definitely  a  saving  in  dollars.  This  saving  may  come  from  lower 
operating  costs,  by  increased  capacity,  or  by  one  of  the  hundred 
different  ways  which  may  suggest  themselves  as  being  incidental 
to  electric  operation. 

It  is  a  fact  that  it  cannot  now  always  be  shown  that  electric 
operation  will  effect  an  attractive  saving  and,  in  many  cases,  it  will 
not  be  possible  to  show  this  until  conditions  develop  in  the  situation 
of  individual  roads  which  will  alter  their  economic  position.  Not 
until  that  time  comes  in  the  history  of  various  railroads  will  we 
see  that  general  adoption  of  electric  traction  for  which  we  all  hope 
and  which,  while  making  railroad  travel  so  much  more  agreeable, 
will  mean  at  the  same  time  a  real  economic  gain. 

L.  A.  Osborne 


The  Year's  -^  year  ago  the  writer  outlined  for  the  Journal 
Progress  in  the  various  important  advances  in  electric  railway 
Railway  work  which  had  been  made  in  the  preceding  year. 
Development  ^^^  expressed  the  belief  that  the  coming  year  would 
show  even  greater  improvement.  This  prediction  has  been  fully 
justified.  The  past  year  has  shown  a  steady  and  healthy  growth  in 
all  lines.  The  demand  for  light  weight  equipments  and  high  efficiency 
in  operation  has  continued.  There  is  a  real  and  logical  reason  un- 
derlying this  demand — it  is  not  simply  a  fad.  This  is  the  day  of 
erticiency,  or  at  least  tlie  demand  for  efficiency,  and  such  a  demand 
is  bound  to  be  satisfied.  ihe  only  danger  in  it  lies  in  carrying 
methods  to  an  extreme,  'ihe  tendency  is  to  reduce  weights  to  such 
an  extent  as  U)  greatly  increase  the  cost  of  maintenance,  and 
thereby  i)roduce  just  the  opposite  result  from  that  desired.  Excess 
weights  should,  by  all  means,  be  removed  from  all  parts  of  the 
e(|uipment,  but  beware  of  cutting  int(^  the  weights  of  useful  material. 
'I'lie  means  for  securing  the  minimum  consumption  of  energy 
with  railwa\  equipments  are  fairly  well  known,  but  need  continual 
rei)ctition.  Rapid  acceleration  and  braking,  long  coasting  periods, 
reduction  of  resistance  loss  by  use  oi  field  control  and  proper  gear 
ratios,  and  lastly,  the  reduction  of  dead  weight  and  friction,  will 
give  the  smallest  power  consumption.  Not  all  roads  are  in  a  posi- 
tion to  procure  at  once  light  weight  equipments  witii  field  control, 
but  practically  all  can  secure  the  economies  resulting  from  rapid 
acceleration  and  braking,  and  elimination  of  unnecessary  stops. 

The  continued  efforts  of  designers  toward  the  improvement  of 
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railway  motors  will,  doubtless,  result  in  the  ultimate  production  of  a 
motor  which  will  correspond  to  the  Deacon's  "Wonderful  One 
Hoss  Shay,"  every  part  of  which  was  as  strong  as  any  other  part, 
so  that  the  "Shay"  ran  for  many  years  until  finally  the  entire  car- 
riage collapsed.  If  the  motors  do  not  eventually  reach  this  state  of 
perfection,  we  know,  at  least,  that  each  year  will  see  the  introduc- 
tion of  new  features  which  will  increase  the  reliability  and  efficiency. 
and  decrease  the  cost  of  maintenance. 

Inspection  of  the  new  motors  on  exhibition  at  the  Atlantic  City 
Convention  of  the  American  Electric  Railway  Association  will 
show  of  what  this  year's  improvements  consist.  No  radical  changes 
have  been  made;  one  tendency  appears  to  be  towards  the  use  of 
pressed  steel  shapes  for  gear  cases,  motor  covers,  dust  guards,  etc. 
It  will  be  found  that  the  use  of  dust  guards  surrounding  the  axle, 
especially  for  interurban  motors,  will  effect  a  great  saving  in  the 
cost  of  maintenance.  Axle  bearings  have  a  fashion  of  collecting 
enormous  amounts  of  dust  and  sand,  in  some  localities,  which  grind 
out  the  bearings,  reduce  the  size  of  journals  and  increase  the  end 
play  of  the  motor  so  fast  as  to  require  very  frequent  overhauling. 
The  new  dust  guards  will  prevent  this  to  a  very  large  degree.  The 
new  axle  bearing  built  without  separate  key  or  dowel  should  also 
be  studied. 

The  use  of  multiple-unit  control  for  city  cars  will,  undoubtedly, 
be  greatly  increased  by  the  advent  of  the  pneumatically-operated 
type  of  drum  control,  which  is  now  in  use  on  the  new  stepless  cars 
of  the  New  York  Railways.  As  this  control  is  fully  described  in  the 
article  by  Messrs.  Hall  and  Riley  in  this  issue,  it  is  not  necessary 
to  more  than  mention  it  here,  but  it  is  certain  that  the  ability  to 
secure  multiple-unit  operation  by  simply  adding  the  pneumatic 
operating  head  to  any  standard  "K"  controller  will  greatly  increase 
its  popularity.  The  control  wiring  is  of  the  very  simplest  form,  and 
automatic  acceleration,  which  prevents  the  abuse  of  the  equipment, 
can  be  secured  easier  than  with  any  other  known  form  of  multiple- 
unit  control.  With  this  control  all  the  many  advantages  of  multiple- 
unit  service  for  city  cars  can  be  secured. 

The  past  few  months  have  witnessed  the  inauguration  of  one 
of  the  most  important  steam  railway  electrifications  that  has  yet 
been  projected.  This  is  the  electrification  by  the  Norfolk  &  West- 
ern Railway  of  its  Elkhorn  Grade-Bluefield  division,  between  Blue- 
field  and  Vivian,  W.  Va.,  including  thirty  miles  of  main  line.  It  \?, 
very  significant  that  this  line  is  to  be  equipped  for  operation  with 
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single-pliase,  alternating  current,  at  1 1  000  volts.  The  locomotives 
are  of  a  type  especially  adapted  for  heavy  freight  service  on  moun- 
tain grades.  The  use  of  the  polyphase  induction  motors  for  driving 
the  locomotive,  while  still  maintaining  single  phase  on  the  trolley, 
gives  the  locomotive  the  advantage  of  all  the  rugged  constructional 
features  of  the  induction  motor,  and  also  the  ability  to  hold  a  train 
on  down  grade  by  regeneration.  This  is  the  first  example  of  really 
heavy  freight  haulage  over  such  distances  by  electric  locomotives, 
and  the  results,  on  account  of  the  size  of  the  electrification  and  the 
unique  features  in  the  locomotive,  will  be  watched  with  the  greatest 
interest  by  railway  men  generally. 

Steam  railways  are  appreciating,  more  and  more,  the  advan- 
tages to  be  secured  by  electrification,  and  the  next  year  or  two  will 
doubtless  witness  the  development  of  a  considerable  number  of 
projects  equal  to,  or  greater  than,  tliat  of  the  Norfolk  &  Western. 

N.  W.  Storer 


The    substitution    of    electricity    for    steam    in    the 
Heavy  operation  of  trunk  line  railways,  like  its  substitu- 

Electric        tion  in  any  other  industry,  is  a  means  toward  the 
Traction       accomplishment  of  some  desirable  purpose  and  not 
an  end  in  itself.    As  a  rule  the  change  is  an  expen- 
sive one.     Frequently,  it  involves  not  only  the  motive  power  and 
rolling  stock,  but  also  the  signal  system,  terminal  arrangements  and 
other  items. 

It  as  unreasonable  to  expect  that  the  operating  cost  of  doing  any- 
thing by  one  or  the  other  of  two  alternative  modern  methods  should 
differ  so  greatly  as  to  warrant  a  change  from  one  to  the  other  on 
the  basis  of  cost  alone.  Buildings  already  piped  for  gas  are  wired 
for  electricity,  not  to  reduce  the  lighting  bills,  but  to  obtain  greater 
convenience  and  better  illumination.  Likewise,  factories  using 
steam  engines  install  electric  motors,  not  so  much  to  reduce  the 
ix)wer  cost  as  to  obtain  better  speed  control,  greater  output  and 
more  healthful   working  conditions. 

In  the  same  way  electric  locomotives  or  motor  cars  are  adopted 
in  the  place  of  steam  locomotives  in  order  to  eliminate  smoke  and 
gas  from  tunnels,  to  obtain  more  flexible  operation  for  suburban 
service  or  to  secure  higher  speed  and  consequently  greater  track 
capacity  on  mountain  grades.  In  other  words,  steam  railroads,  like 
factories,  are  electrifying  to   improve   the   quality   or   increase  the 
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quantity  of  the  service  which  constitutes  their  output.  Two  very 
instructive  articles  in  the  present  issue  of  the  Journal,  one  by 
Mr.  W.  S.  Murray  and  the  other  by  Mr.  W.  R.  Stinemetz  on  this 
subject,  go  to  show  that  steam  engineers  have  not  been  idle  and 
have  so  perfected  the  steam  locomotive  that  there  are  today  numer- 
ous operating  conditions  in  which  it  continues  to  show  considerable 
superiority  over  the  electric  locomotive.  On  the  other  hand,  there 
are  other  conditions,  such  as  tunnels,  terminals  and  grades,  where 
the  electric  locomotives  have  a  very  considerable  advantage  over 
steam  locomotives.  For  these  reasons  it  is  apparent  that  for  some 
time  to  come  steam  road  electrifications  will  be  confined  to  such 
problems  as,  on  engineering  analysis,  show  such  promise  that  both 
the  electrical  engineer  and  the  experienced  railroad  man  will  join 
hands  and  agree  on  the  best  course  of  procedure. 

Even  under  these  conditions  it  is  not  difficult  to  foresee  as 
large  an  amount  of  new  electrification  work  as  the  manufacturers 
of  electric  locomotives  can  reasonably  take  care  of  for  years  to 
come.  The  rate  of  heavy  railroad  electrification  at  the  present  time 
is  not  such  as  to  give  the  manufacturer  as  steady  a  load  on  his  plant 
as  is  to  be  desired.  At  the  same  time,  the  number  of  conjested 
points,  terminals  and  severe  grades  throughout  the  country  is  such 
that  their  electrification  alone  means  that  a  large  amount  of  electric 
locomotives,  generating  apparatus,  etc.,  will  be  required.  Mean- 
while, the  development  of  the  problem  of  heavy  railroad  electrifica- 
tion will  doubtless  be  continued  to  a  point  where  electric  locomo- 
tives will  be  even  better  fitted  to  supersede  steam  motive  power 
than  at  present.  C.  S.  Cook 


In  the  minds  of  some  engineers,  the  single-phase 
What  the      railway   system   appears  to  be  confused   with  the 
Single*  Phase   single-phase  commutator  type  railway  motor.    They 
System         overlook  the  fact  that  this  motor  represents  merely 
Really  Is       one   method    of   utilizing   the   single-phase   system. 
The  fallacy  is  the  same  as  if  one  confused  the  poly- 
phase   induction    motor    with    the    polyphase    alternating-current 
system. 

The  possible  advantages  of  a  single-phase  alternating-current 
railway  system  were  realized  long  before  any  good  methods  of 
utilizing  such  a  system  were  developed  practically.  The  use  of 
motor-generators  on  locomotives,  the  motors  of  which  would  re- 
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ceive  alternating  current  from  the  trolley  line,  while  the  generators 
would  supply  current  to  electric  motors  driving  the  axles,  was  sug- 
gested long  ago.  Also,  over  eleven  years  ago,  Mr.  B.  J.  Arnold 
worked  out  a  single-phase  railway  system,  in  which  a  single-phase 
induction  motor  operated  an  air  compressor,  the  car  axles  being 
driven  by  compressed  air  motors.  This  was  a  true  single-phase 
railway  system,  although  no  commutator  type  single-phase  motor 
was  used. 

It  is  obvious,  therefore,  that  such  a  railway  system  is  some- 
thing other  than  the  driving  mechanism  on  the  car  or  locomotive. 
Therefore,  a  broad  definition  of  the  single-phase  railway  system  is 
not  out  of  place.  It  may  be  defined  briefly  ^  the  application 
of  single-phase  poiver  to  a  trolley  system  for  car  propulsion.  Any 
particular  method  of  transforming  the  alternating-current  power  to 
axle-turning  effort  is  a  secondary  matter,  as  far  as  the  system  is 
concerned,  although  it  may  be  of  primary  importance  where  any 
special  torque  characteristics  are  desired. 

The  essential  features  of  the  single-phase  system  lie  (i)  in  the 
use  of  a  single  current  or  circuit,  thus  requiring  but  a  single  trolley 
conductor,  and  (2)  in  high  voltage  on  the  trolley  system,  with  cor 
responding  reduction  in  current,  thus  increasing  the  facility  for 
transmission  and  collection  of  such  current,  and  (3)  in  the  facility  of 
voltage  transformation  of  the  alternating  system  which  allows  the 
use  of  one  voltage  on  the  trolley  system  and  a  separate  and  lower 
voltage  on  the  car  equipment,  and  (4)  economical  speed  control  by 
means  of  voltage  control  in  those  types  of  equij>ment  where  the 
two  are  inter-related. 

W'iLli  the  above  defined  general  system,  various  types  of  equip- 
ment be  used,  depending  upon  the  kind  of  service,  etc.  In  this 
direction,  many  possibilities  are  presented.  For  example,  equip- 
ments using  single-phase  commutator  motors,  such  as  on  the  Xew 
Haven  Railroad,  the  St.  Clair  Tunnel,  the  Hoosac  Tunnel,  the 
Spokane  &  Inland  Railway,  etc.,  may  be  used.  For  mountain  grade 
work,  in  particular,  and  many  other  services,  in  general,  the  .so- 
called  split-phase  or  induction  motor  type  of  equipment  may  be 
used,  such  as  the  Norfolk  &  Western  Railroad  has  contracted  for 
recently.  Again,  among  the  very  promising  i)ossihilities  is  the 
vapor  rectifier  type  of  equipment,  in  which  a  rectifier  is  installed  be- 
tween the  step-down  transformer  and  the  motors  which  drive  the 
axle,  these  latter  being  of  the  usual  direct-current  type.  Such  an 
equipment  would  utilize  the  ideal  features  of  the  single-phase  system 
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and  of  direct-current  equipment.  A  fourth  possibility  lies  in  ro- 
tating commutating  ajiparatus  for  sujiplying  suitable  current  to  the 
axle  motors.  Additional  possibilities  lie  in  the  use  of  frequency 
converters,  m(»tor-generators,  or  other  devices,  which  can  receive 
single-phase  alternating  current  of  a  given  frequency,  and  transform 
to  any  other  desired  form  suitable  for  operating  the  axle  driving 
motors. 

Any  of  the  above  types  of  equipment  could  operate  over  the 
same  single-phase  system,  provided  they  are  built  for  the  same 
frequency  and  voltage.  One  railroad,  for  instance,  might  have  one 
type  of  equipment,  while  another  might  have  an  entirly  different 
type,  and  yet  eitl|pr  equipment  would  operate  over  the  other  com- 
pany's lines,  if  the  voltage  and  frequency  were  the  same  for  both. 
Or,  one  railroad  might  have  dififerent  equipments  on  different  parts 
of  its  system,  depending  upon  service  conditions.  Or,  two  or  more 
types  could  work  over  the  same  line.  For  instance,  on  a  grade,  it 
might  be  advantageous  to  use  freight  loconmiotives  of  the  split 
phase  type,  while  passenger  locomotives  requiring  a  nuich  wider 
range  in  speed  might  be  of  the  commutating  motor  type,  or  of  the. 
rectifier  type,  assuming  the  latter  to  be  a  future  possibility.  For 
terminal  operation,  yard  work,  etc.,  where  frequent  acceleration  is 
required,  one  type  of  equipment  could  be  used,  while  a  radically 
different  type  could  be  used  for  the  main  line  service,  if  desirable. 
Furthermore,  equipments  used  on  light  branch  or  feeder  circuits, 
could  run  on  the  main  line  with  equal  facility. 

It  would  appear  therefore  that  the  single-phase  system,  taken 
in  its  broad  sense,  presents  possibilities  not  found  with  any  other 
general  system  yet  proposed.  At  present  the  system  allows  the  use 
of  two  radically  dift'erent  types  of  equipment,  namely,  the  straight 
single-phase  and  the  split-phase,  while  certain  other  types  present 
very  great  possibilities.  Thus  the  system  appears  to  be  broadening 
out  in  its  application,  instead  of  narrowing,  which  is  a  most  promis- 
ing feature.  With  this  one  general  system,  terminal  and  yard  work, 
main  line  service,  tunnel  operation,  mountain  grade  work,  branch 
lines  and  feeders,  etc.,  can  all  be  handled.  B.  G.  Lamme 
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The  inadequate  character  of  the  rush  hour  service 
MultipIe=Unit  '"    nearly   every    large    cit}-    and   the   necessity    for 
Operation  of    ^oxwq  practical  method  of  improving  it,  give  especial 
City  Cars       interest  to  the  article  by  Mr.  F.  M.  Loud,  of  the  Pub- 
lic Service  Railway  Company  of  Newark,  N.  J.,  on 
"Train  Operation  in  City  Service."     In  describing  the  results  ob- 
tained by  his  company  in  a  comprehensive  series  of  tests  made  to 
determine   the   desirability  of   two-car   train   operation,    Mr.   Loud 
calls  attention  to  a  number  of  features  which  will  probably  be  found 
true  in  many  other  places,  as  well  as  in  Newark.     One  of  the  most 
important  items  brought  out  is  the  fact  that  a  two-car  train  can 
clear  a  crossing  in  eighty  percent  of  the  time  required  l)y  two  single 
cars.     This  means  that   instead  of  520  cars  which  now  pass  the 
corner  of  Broad  and  Market  streets  during  the  evening  rush  hour, 
the  number  could  be  increased  to  650  cars  if  all  were  operated  ni 
two-car  trains. 

It  is  ordinarily  supposed  that,  on  account  of  the  larger  number 
of  people  carried  by  a  two-car  train,  many  more  stops  must  be 
made  than  with  a  single  car,  and  the  schedule  speed  thus  reduced 
The  tests  show%  however,  that  the  increase  is  not  nearly  as  great  as 
might  be  expected.  After  a  certain  total  number  of  passengers  is 
reached,  any  further  increase  seems  merely  to  result  in  more  per- 
sons getting  on  or  off  at  each  of  the  various  stops,  rather  than  in 
any  great  increase  in  the  number  of  stops.  As  a  result  of  this  i' 
was  found  that  the  multiple-unit  trains,  even  when  handicapped 
as  they  were  by  the  unfamiliarity  of  their  crews  and  the  public 
with  them,  made  practically  as  good  time  over  the  entire  route  as 
single  cars,  while  in  the  congested  districts  they  were  able  to  make 
even  better  time. 

In  comparing  multiple-unit  train  operation  with  the  use  of 
motor  cars  and  trailers,  it  was  naturally  found  that,  on  account  of 
the  slower  acceleration  and  reduced  running  speed,  the  trailer  com- 
bination lost  time  badly  on  most  of  the  test  runs,  thus  showing  tha*^ 
the  use  of  trailers  for  rush  hour  service  reduces  the  schedule  at 
the  very  time  when  it  is  most  desirable  lo  maintain  it.  l^niirely 
aside  from  the  speed  ([uestion.  Mr.  Loud  points  out  a  number  of 
other  disadvantages  of  trailers  for  city  service,  which  entirely  dis- 
appear wlun  all  cars  are  e(|nip])e<l  with  niolors  and  multiple-unit 
control.  It  was  found  also  that  in  snow  or  sleet  storms,  and  at 
other  times  when  the  rails  arc  in  bad  condition,  the  u-e  of  multiple- 
unit  trains  had  a  decided  advantage  over  the  use  of  single  cars. 
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since  the  first  car  removed  the  snow  or  sleet  and  left  a  good  rail  for 
the  second  car. 

In  general,  the  article  shows  very  clearly  that  train  operation 
offers  a  number  of  desirable  features,  even  for  congested  city  serv- 
ice, and  that  these  can  be  secured  much  more  readily  by  means  of 
multiple-unit  trains  than  by  the  use  of  trailers.  Thanks  are  due  to 
the  Public  Service  Railway  Company  for  the  broad-minded  v/ay 
in  which  they  have  given  out  so  freely  the  results  of  their  investi- 
gation on  this  subject.  C.  Renshaw 


A  year  ago  the  Journal  gave  considerable  space  to 
The  Low  the  low-floor  car  and  its  equipment,  as  developed 

Floor  Cars      ^X    ^^-    ^-    •^-    Jones,    general    manager    of    the 

Pittsburgh  Railways  Company,  who  deserves  much 
credit  for  having  the  courage  of  his  convictions  in  resorting  to  ex- 
tremely radical  designs  to  meet  modern  requirements.  The  succes- 
of  the  initial  equipments  has  resulted  in  the  ordering  of  fifty  addi- 
tional motor  cars  and  several  double  deck  cars. 

The  article  in  this  issue  by  Mr.  E.  L.  Stephens,  master  me- 
chanic of  the  Los  Angeles  Railway  Company,  is  a  concrete  ex- 
ample of  the  real  progress  that  has  been  made  in  reducing  weights 
and  increasing  passenger  capacity  of  cars  and,  at  the  same  time, 
introducing  the  center-entrance  and  pay-as-you-enter  features 
which  have  apparently  proven  successful.  In  this  instance,  the 
seating  capacity  has  been  increased  from  44  to  54  persons,  and  the 
total  weight  of  the  car  has  been  reduced  500  pounds. 

The  writer,  while  visiting  the  Pacific  coast,  about  a  year  ago, 
was  deeply  impressed  with  the  characteristic  progressiveness  of 
the  electric  railway  properties  at  Los  Angeles.  On  account  of  the 
great  distance  from  the  source  of  large  Eastern  manufacturing  and 
supply  houses,  it  might  be  expected  to  find  the  general  development 
to  be  somewhat  behind  Eastern  standards,  but  the  reverse  was 
found  to  be  true.  It  was  interesting  to  observe  the  up-to-date 
methods  of  maintenance  and  inspection,  the  general  appearance 
of  the  entire  rolling  stock  and  car  shops,  and,  above  all,  the  care- 
ful study  that  had  been  given  to  the  great  economy  that  is  secured 
through  adherence  to  fixed  standards ;  and  the  fact  that  the  stand- 
ards had  been  brought  up-to-date  from  time  to  time.  The  idea  of 
adherence  to  obsolete  standards,  with  its  resultant  high  mainte- 
nance cost,  was  nowhere  to  be  found.  It  will  be  noted,  in  the 
article  by  Mr.  Stephens,  that  this  same  creditable  policy  has  been 
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continued,  and  while  they  have  increased  the  capacity  uf  the  cars, 
adopted  center  entrance,  etc.,  adherence  to  standard  equipment  and 
general  detail  structures  has  been  economically  worked  out. 

Another  notable  instance  of  progress  in  the  low-floor  type  of 
car  is  the  one-man  prepayment  low-floor  car  of  the  Illinois  Trac- 
tion System,  which  was  worked  out  by  Mr.  J.  M.  Bosenbury, 
superintendent  of  equipment,  who  directed  the  construction  not  only 
of  the  car  bodies,  but  also  of  the  control  equipment,  which  is  of 
the  single-end.  light  weight  unit-switch  type,  and  the  "baby"  type 
of  motors  developed  for  Mr.  P.  N.  Jones.  This  car  weighs,  com- 
pletely equipped,  twenty-three  thousand  pounds.  It  is  reported  that 
during  the  rush  hours  ninety  passengers  were  carried  comfortably 
in  one  of  these  cars. 

The  stepless  cars  for  the  New  York  Railways  Company  are 
exceptionally  noteworthy  in  that  the  transportation  problem  to  be 
solved  was  more  difficult  than  that  which  obtains  in  any  other  city 
in  the  United  States,  on  account  of  the  congested  conditions  on  the 
main  thoroughfare — Broadway.  Messrs.  Hedley  and  Doyle,  of  the 
Interborough  Rapid  Transit  Company,  worked  out  this  intricate 
problem  and  specified  certain  ideal  requirements  for  the  control  of 
the  motors,  door  mechanism,  signals  and  couplings  and  cooperated 
with  the  manufacturer  in  working  them  out.  The  type  of  control 
finally  developed  is  described  by  Messrs.  Hall  and  Riley  in  this 
issue.  The  first  equipment,  which  has  been  in  service  about  a 
year,  has  proven  conclusively  that,  with  American  ingenuity  behind 
it  and  with  the  railway  operating  men  cooperating  with  the  manu- 
facturer, nothing  seems  impossible  of  accomi^lishment. 

Mr.  Terrence  Scullin,  master  mechanic  of  the  Cleveland  Rail- 
ways Company,  has  worked  out  a  very  ingenious  arrangement  for 
the  new  low  floor,  side  entrance  cars  which  have  been  adopted  in 
Cleveland.  Each  of  these  cars  is  to  be  equipped  with  four  40  horse- 
power motors,  designed  to  give  standard  clearances  under  a  mini- 
mum wheel  of  26  inches. 

The  new  center  entrance  cars,  which  have  been  placed  in  ser- 
vice bv  the  Brooklyn  Rapid  Transit  Company,  have  received  very 
favoral)le  comment  fr. mi  everyone  who  has  had  the  good  fortune 
to  see  them  irt  service.  The  detail  designs  and  structure  of  these 
cars  are  very  original  and  were  the  result  of  a  very  careful  analysis 
of  traffic  requirements  in  Brooklyn  and  elsewhere. 

The  low-floor,  center-entrance  cars  of  the  Washington  Rail- 
ways Company  have  also  worked  out  very  satisfactorily  in  that 
city.  M.  B.  Lambert 


OAKLAND,  ANTIOCH  &  EASTERN  RAILWAY 

C.  E.  HEISE  and  G.  B.  KIRKER 

THERE  has  now  been  completed  a  high  class  interurban  elec- 
tric railway  system  intended  to  afford  the  shortest  possible 
route  combined  with  fast  transportation  facilities  between 
San  Francisco,  the  principal  city  and  seaport  of  the  Pacific  Coast, 
and  Sacramento,  the  capitol  of  the  State  of  California  and  center 
of  a  vast  interior  agricultural  territory.  The  Oakland,  Antioch  & 
Eastern  Railway,  like  all  railroads  excepting  those  entering  San 
Francisco  from  the  South,  has  its  western  terminus  on  the  eastern 
shore  of  San  Francisco  Bay,  the  shops,  car  barns,  yards  and  depot, 
being  located  at  40th  Street  and  Shafter  iVvenue,  Oakland. 

A  traffic  agreement  existing  with  the  San  Francisco-Oakland 
Terminal  Railways,  permits  the  Oakland,  Antioch  &  Eastern  Rail- 
way to  operate  its  cars  over  the  "Key  Route"  tracks  from  40th 
Street  to  Shafter  Avenue,  to  the  Key  Route  Pier,  from  which 
point  passengers  are  transferred  to  San  Francisco  on  the  high- 
class  ferry  steamers  of  the  Key  Route  System.  Through  this 
traffic  agreement,  the  Oakland,  Antioch  &  Eastern  Railway  are 
enabled  to  take  passengers  from  San  Francisco  through  to  Sacra- 
mento and  intermediate  points  without  any  change  of  cars  after 
the  passengers  have  once  transferred  from  the  ferry  boat  to  the 
waiting  electric  trains  at  the  Key  Route  Pier. 

The  cities  on  the  eastern  shore  of  San  Francisco  Bay  are 
separated  from  the  interior  sections  by  a  range  known  as  the 
Contra  Costa  Hills,  part  of  the  Coast  Range  Mountain  system, 
which  offered  such  engineering  obstacles  to  the  construction  of  a 
railroad,  that  heretofore  no  company  has  attempted  to  build 
through  them,  although  it  was  realized  that  a  satisfactory  route 
through  these  hills  ^would  materially  shorten  the  distance  to  inter- 
ior points  and  also  open  up  a  virgin  territory.  The  territory  be- 
tween the  eastern  slope  of  these  Contra  Costa  hills  and  Sacra- 
mento, is  practically  level,  but  offered  construction  difficulties  be- 
cause of  the  necessity  of  crossing  several  sloughs  and  marsh  land, 
also  a  narrow  arm  of  San  Francisco  Bay  and  the  Sacramento  River. 

Starting  from  the  "Key  Route"  pier,  the  electric  trains  of  the 
Oakland,  Antioch  &  Eastern  Railway  run  over  the  600  volt  system 
of  the  "Key  Route",  a  distance  of  approximately  five  miles  to  the 
western  terminus  and  depot  of  the  Oakland,  Antioch  &  Eastern 
Railway,  where  a  stop  is  made  to  pick  up  passengers.  Leaving 
the  Oakland  terminal,  the  track  extends  out   Shafter  Avenue,  in 
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a  northerly  direction  fur  about  1^4  miles  through  a  good  resi- 
dential district  and  continues  for  some  additional  distance  through 
one  of  the  best  new  suburban  residential  districts  of  tne  East  Bay 
section. 

Very  shortly  the  climb  commences  up  the  grade  to  the  tunnel 
which  pierces  the  Contra  Costa  hills.  Leaving  Oakland,  the  grade  is 
1.5  percent  for  some  distance,  increasing  to  4.1  percent  for  about 
4  000  feet,  then  there  is  a  level  tangent  about  300  feet  long  and  the 
up  grade  for  the  balance  of  the  distance  to  the  western  portal  of 
Shepard  Canyon  tunnel  is  2.4  percent.     This  tunnel  is  the  only  one 

on  the  system  and  has  a 
length  of  approximately 
3  700  feet,  and  slopes  to 
the   East  on   a   uniform 
grade    of     1.9    percent. 
The  driving  of  this  tun- 
nel presented  some  very 
interesting      engineering 
problems  because  of  the 
character  of  the  ground 
encountered.     The  East- 
ern half  of  the  tunnel  is 
driven     through     rock, 
which  presented  no  par- 
t  i  c  u  1  a  r    difficulties,    a 
heavy     timbering     o  f 
standard   construction 
being  sufficient  to  prop- 
erly   hold    the    ground 
However,    in    the    wc>t 
ern  end  of  the  tumiel  and  the  approach,  considerable  ditticulty  was 
encountered  due  to  swelling  of  the  ground  after  the  approach  had 
been  opened  and  a  considerable  portion  of  the  tunnel  driven,     h 
finally  became  necessary  to  place  a  concrete  lining  in    the  western 
end  of  the  tunnel  and  heavy  reinforced  concrete  retaining  walls  were 
constructed  at  the  western  portal  together  with  reinforced  concrete 
floorings  in  the  shape  of  an  inverted  arch.  •  This  construction  has 
proven  singularly  effective  and  absolutely  no  trouble  has  been  ex- 
perienced since  the  completion  of  the  tunnel. 

Leaving  the  tunnel,  the  road  extends  through  Redwood  Canyon, 
one  of  the  most  picturesque  spot^  in  the  State,  the  grade  continuing 
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to  descend  in  a  generally  eastern  direction  and  varying  from  1.9 
percent  to  practically  level  track,  until  the  village  of  Lafayette  is 
reached,  16  miles  from  the  Oakland  terminus.  From  this  point,  the 
road  traverses  a  rolling  country  through  the  towns  of  Walnut  Creek 
and  Concord.  This  section,  while  really  not  far  distant  from  San 
Francisco  in  an  air  line,  has  had  its  development  held  back  because 
of  lack  of  transportation  facilities.  From  Concord,  the  road  extends 
to  Bay  Point,  a  rapidly  growing  manufacturing  center,  where  there 
is  a  junction  with  the  trans-continental  Southern  Pacific  and  Atchi- 
son, Topeka  &  Santa  Fe  Railways. 

Leaving  Bay  Point,  the  tracks  parallel  the  transcontinental  rail- 
road systems  for  some  distance  and  then  cross  beneath  them,  thus 
eliminating  the  danger  of  a  grade  crossing  at  this  point.     The  con- 


fig.  2 — view  at  oakland  terminal  where  connection  is  made  with 

"key  route"  tracks 

struction  of  this  under-pass  was  no  small  problem,  as  the  cut  is  ap- 
proximately I  600  feet  in  length,  is  built  on  a  six  degree  compensated 
curve,  the  amount  of  material  excavated  was  approximately  100  000 
cubic  yards,  and  the  entire  bottom  and  side  walls  of  the  cut  are  of 
reinforced  concrete.  The  tracks  of  the  two  steam  railroads  are 
carried  on  steel  deck  trestles  supported  by  concrete  columns.  From 
this  under-pass,  the  tracks  extend  to  the  South  Ferry  slip,  where 
the  electric  trains  are  run  onto  the  car  ferry  boat  "Bridgit"  and 
transferred  across  an  arm  of  San  Francisco  Bay  to  the  North  Ferry 
slip  on  Chipp's  Island. 

The  United  States  Government  has  given  the  company  per- 
mission to  erect  a  bridge  across  this  channel,  but  several  years  will 
be  required  to  construct  it  and  the  car  ferry  boat  will  serve  until 
the  bridge  has  been  completed. 
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From  the  North  Ferry  slip,  across  Chipp's  Island  and  Van 
Sickle  Island,  the  road  extends  over  marsh  lands  and  sloughs.  A 
fill  has  been  made  across  the  greater  distance  through  these  marsh 
lands,  although  some  trestles  have  been  constructed,  and  Monte- 
zuma slough  is  crossed  by  a  center  pier  revolving  draw-bridge  about 
250  feet  in  length.     The  line  then  reaches  the  main  land,  passing 

throui^h  the  Montezu- 
ma hills  and  continu- 
ing through  practically 
le\el  country,  where 
there  is  a  stretch  bi 
23  miles  of  tangent 
track,  until  the  Yolo 
Basin  is  reached,  from 
which  point  a  trestle, 
approximately  14000 
feet  long,  carries  the 
track  up  to  a  point 
near  Glide  Landing  on 
the  Sacramento  River, 
from  where  the  road 
continues  on  the  river 
le\ee  for  about  one 
mile  and  then  con- 
tinues along  a  tangent 
(ill  for  about  six  miles, 
entering  the  city  of 
Sacramento  over  a 
steel  bridge  crossing 
the  Sacramento  River 
at    M    Street. 

After  leaving  Oak- 
land the  road  is  built 
on  the  company's  pri- 
vate right  of  way  the 
entire  distance  through 
to  Sacramento,  and  in  Sacramento  the  company  has  its  own  fran- 
chises and  terminal   sites,   which   arr   most   favorably   located 

The  line  thr«»ugli<.ut  is  standard  gauge,  single  track,  with  a  total 
of  about  30  siding>.  each  of  ample  length.  Standard  70-pound 
rails  with  electrically  weldt-d  bonds  are  used.  The  entire  length  of 
line  is  very  efficiently  protected  with  electric  block  signals. 


WG.  3 — WKST  PORT.VL  OF  SHKPARD's  CANYON   TUN- 
SV.L    THROtT.n    CONTRA    CO.STA     HILI.S 

Showing  iiiiiisual  retaining  wall. 
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OVERHEAD  CONSTRUCTION 

Flexible  single  catenary  overhead  construction  has  been  adopted 
as  standard.  The  trolley  is  4/0  grooved,  hard  drawn  copper. 
Mounted  on  the  poles  above  the  bracket  arms,  are  cross-arms,  carry- 
ing the  I  200  volt  direct-current  aluminum  feeders,  the  telephone 
wires  and  the  block  signal  wires.  Submarine  cables  cross  Suisum 
Bay  and  Montezuma  Slough,  carrying  the  feeders,  the  telephone  and 
the  block  signal  circuits. 

SUB-STATIONS 

Upon  leaving  the  Oakland  depot  and  continuing  over  the  entire 

length  of  road  up  to 

the  M  Street  draw- 
bridge, at  Sacramen- 
to, the  trolley  volt- 
age is  I  200  volts  di- 
rect current. 

Five  sub-stations 
have  been  construct- 
ed. The  one  at  Con- 
cord is  of  reinforced 
concrete,  but  the 
standard  type  of  con- 
struction adopted  for 
the  remaining  sub- 
stations, consists  of 
a  structural  steel 
framework  covered 
with  galvanized  cor- 
rugated  iron. 

The  five  sub-stations  are  located  approximately  as  follows : — 

Substation  No.  i  is  located  at  the  eastern  portal  of  Shepard  Can- 
yon Tunnel,  approximately  6.4  miles  from  Oakland  and  is  to  contain 
three  750  kw    motor-generator  sets  with  switchboard  equipment. 

Substation  No.  2,  at  Concord,  25.7  miles  from  Oakland,  is  to  con- 
tain two  750  kw    motor-generator  sets,  with  switchboard  equipment. 

Substation  No.  3,  at  Montezuma  draw  bridge,  44  miles  from  Oak- 
land   is  similar  to  No.  2. 

Substation  No.  4,  at  Maine  Prairie,  57  miles  from  Oakland,  is 
sinnlar  to  No.  2. 

Substation  No.  5,  near  Glide's  Landing.  78  miles  from  Oakland,  is 

similar  to  No.  2. 

The  standard  unit  adopted  f<_»r  these  sub-stations  is  covered  by 

the  following  description  : — 

A  750  kw.  two-bearing,  synchronous  motor-generator  set  consisting 
of— one  750  kw    compound- wound,    i  300  volt  direct-current  commu- 


FIG.    4 — VIEW    ON    A    TANGENT. 

Showing  line  construction. 


OAKLAND,  ANTIOCH  &  EASTERN  RAILWAY     921 

tating  pole  generator,  speed  514  r.p.m.,  is  mounted  on  common  shaft  and 
bedplate  with  one  1  080  hp  self-starting  synchronoi^  motor,  wound 
for  1 1  000  volts,  three-phase,  60  cjcles ;  and  one  19  kw,  direct- 
current,  125  volts,  direct-connected  exciter,  complete  with  neces- 
sary field  rheostats  and  apparatus  for  starting  set  from  the  alternating 
current  side. 

The  switchboard  equipment  for  each  motor-generator  consists 
of— 

I — Synchronous  motor  panel; 

I — Direct-current  generator  i)anel,   and 

I — Negative  circuit  breaker  panel. 

Also  in  each  sub-station  there  are  three  direct-current  feeder 
panels.  _ 

ROLLING  STOCK 

The   standard   passenger  car   was  adopted   after  careful  con- 


■ 


FIf..  5 — SUBSTATION  AT  CONCORD  AND  STANDARD  CAR 

sideration  and  consists  of  a  combination  car  containing  passenger, 
smoking  and  baggage  compartments.    It  has  an  over-all  length  of  ap- 

TABLE  OF  DISTANCES. 

San  Francisco  to  40th  street  and  Shafter  avenue,  Oakland 7.9  miles 

Oakland  to  Ea.'it    Portal   of   Tunnel 0.4  miles 

Oakland  to  Lafayette    16.0  miles 

Oakland  to  Walnut    Creek    IQ.4  miles 

Oakland  to  Concord    25.7  miles 

Oakland  to  Bav   Point    31.4  miles 

O  ikland  to  West    Pittsburg    37.0  miles 

Oakland  to  Montezuma    44.4  miles 

Oakland  to  Mo.inc    F'rairie    5().(i  miles 

Oakland  to  Cilide   Landing    ^9^.2  miles 

Oakland  to  Sacramento   Depot    85.  r  miles  85.1  miles 

Sun  Francisco  Ferry  Depot  to  Sacramento  DejM.t 9j.o  miles 
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proximately  56  feet  and  seats  50  passengers.  Each  of  the  14  inter- 
urban  passengm-  cars  of  this  type  is  equipped  with  four  600-1  200 
volt  conimutating-pole  railway  motors  and  hand  operated  multiple- 
unit  control.  The  control  is  designed  for  full  speed  operation  on 
either  600  or  i  200  volts,  a  change-over  switch  making  the  necessary 
change  in  motor  and  grid  resistance  connections. 

The  total  weight  of  the  car,  including  air  brake  equipment,  but 
without  live  load,  is  d>y  300  pounds.  The  balancing  speed  of  this 
equipment  on  level  tangent  track,  with  an  average  voltage  of  i  200 
volts,  is  about  50  miles  per  hour.  With  an  average  voltage  of  i  100 
volts,  the  balancing  speed  on  level  tangent  track  is  approximately 
48  miles  per  hour.  The  gear  ratio  is  22 155.  Each  of  the  motor 
cars  is  intended  to  be  capable  of  hauling  a  25-ton  trailer  car.    There 


FIG.   6 — STANDARD   EQUIPMENT   UNDER    MOTOR   CAR   BODY 

are  14  trailer  cars  at  present  and  each  is  equipped  with  master  con- 
trollers so  that  a  combination  train  may  be  operated  from  any  car. 

There  are  also  two  combination  passenger  and  express  cars  of 
similar  description.  One  car  has  a  gear  ratio  of  18:59  and  the 
other  16:61,  so  that  these  cars  can  be  used  for  hauling  a  number  of 
trailers  or  a  freight  car  where  necessary. 

On  account  of  the  long  and  heavy  grades,  it  was  deemed  neces- 
sary to  insure  a  suitable  su])ply  of  air  available  in  any  emergency, 
and  for  this  reason  two  dynamotor-compressors  were  installed  on 
each  motor  car,  each  compressor  having  a  capacily  of  25  cu.  ft. 
of  free  air  i)t-r  miiiuU'. 

To  take  care  of  the  heavy  through  passenger  business  between 
San  Francisco  and  Sacramento,  two  type  2-4-0,  articulated  truck, 
high  speed  electric  locomotives  are  used,  with  four  commutating 
pole,  field  control,  600-1  200  volt  motors  and  unit  switch  control. 
Each  locomotive  is  capable  of  hauling  five  steel  passenger  trailer 
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cars,  weighing  ,^7.5  t<>ii>  caili,  1  mi  lc\fl  taiigt'iit  Irat'k  with  1  i(X) 
volts  on  the  trolley,  at  a  balancing  ^pced  uf  about  56  miles  ])cr  huui . 
When  hauling  imly  three  of  these  passenger  cars,  tin-  balancing 
speed,  under  the  same  conditions,  will  be  ajipn^ximately  (k)  miles 
]jer  hour.  I'acli  locomotive  has  a  total  weight  of  6j  tons,  of  which 
43  tons  is  carried  on  the  drivers  and  19  tons  carried  on  two  radial 
pony  trucks.  The  draw-bar  pull  is  transmitted  through  the  main 
truck  side  frames  and  each  driving  axle  is  equipped  with  an  in- 
dependent geared  motor.  The  driving  wheels  are  42  inches  in 
diatneter  and  the  gear  ratio  26:47. 

With  forced  ventilation  the  locomotive  is  capable  of  exerting 
continuously,  a  tractive  effort  of  4  400  pounds  on  normal  field  with 


FIO.    7 — HK.n-SrKFIl    rOMniNATION'    BAr,r,,\GE,    SMOKINC.     AN'P    PASSENGER 

MOTOR   CAR 

an  average  of  500  volts,  and  8500  pounds  for  one  hour  on  normal 
field  at  approximately  45  miles  per  hour  with  i  200  volts,  while 
with  clean  dry  rails,  the  locomotive  is  capable  oi  exerting  mo- 
mentarily a  maxinnnn  tractive  effort  of  21  50U  i)»>unds.  The  mo- 
tors have  a  nominal  rating  of  250  horse-power  with  forced  ventila- 
tion. 

The  motors  and  control  equii)ment  are  designetl  for  "held 
control,"  enabling  the  locomotives  to  exert  relatively  high  tractive 
effort  when  the  motors  are  operated  on  full  field  and  securing 
maximum  speed  when  the  motors  are  operated  on  normal  field. 
Each  locomotive  is  e(|uipped  with  two  dynamotor-compressors,  each 
compressor  having  a  capacity  of  35  cubic  feet  of  free  air  per 
minute,  and   sutlicient   capacity  to   supply   the   required   amount  of 
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.600  volt  direct  current  for  lighting  the  trailer  cars,  the  locomotive 
headlight,  and  for  operating  the  control.  Mounted  on  the  ex- 
tended shaft  of  each  dynaniotor-compressor,  is  a  blower  which  sup- 
plies the  forced  ventilation  to  the  main  locomotive  motors. 

For  handling  the  freight  business,  there  are  two  47-ton  freight 
locomotives,  each  equipped  with  four  motors  and  hand  operated 
unit-switch  control,  and  using  a  gear  ratio  of  17:56  with  42-inch 
wheels.  Each  locomotive  is  capable  of  developing  a  full-load  trac- 
tive effort  of  16  600  pounds  at  a  speed  of  10.6  miles  per  hour  with 
600  volts,  or  a  continuous  tractive  effort  of  5  200  pounds  with  600 
volts,  or  a  maximum  tractive  effort  of  24  500  pounds. 
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Each  freight  locomotive  is  provided  with  two  independent 
dynamotor-compressors,  each  having  a  capacity  of  25  cubic  feet  of 
free  air  per  minute. 

The  passenger  cars  are  equipped  with  roller  pantagraph  trolleys 
and  the  passenger  locomotives  with  double  shoe,  sliding  pantagraph 
trolleys. 

The  road  was  opened  for  service  between  Oakland  and  Bay 
Point  in  April,  191 3,  and  through  service  between  Oakland  and 
Sacramento  was  inaugurated  on  September  3,  1913.  Power  is  pur- 
chased from  a  long  distance  hydro-electric  power  transmission 
system  at  11  000  volts,  three-phase,  60-cycles,  delivered  to  the 
various  sub-stations. 


HEAVY  ELECTRIFICATION  TENDENCIES 

W.  S.  MURRAY. 
Consulting  Electrical  Engineer,   New  Haven,  Conn. 

TWO  or  three  thousand  years  ago  one  of  the  old  philosophers 
(Tacitus,  L  think  it  was)  said,  "There  is  nothing  new  under 
the  sun."  He  was  wrong.  Electrification  of  railroads  is 
new  and  is  becoming  "newer"  every  day.  One  of  the  newest  things 
about  it,  and  one  of  the  most  pleasant,  is  a  change,  a  most  signifi- 
cant change,  in  the  general  viewpoint  of  those  engineers  who  are 
associated  with  electrification  matters. 

Gradually  has  come  a  clearer  grasp  of  the  fundamental  prin- 
ciple that  the  problems  inherent  in  the  electrification  of  any  impor- 
tant railroad  are  such  as  require  not  only  a  sound  electrical  knowl- 
edge and  training  but  what  is  of  even  more  importance,  a  fuller 
realization  of  the  operating  characteristics  of  the  steam  railroads 
it  is  proposed  to  electrify.  Too  often  this  point  has  been  lost  sight 
of,  and  electrification  engineers  cannot  expect  a  patient  hearing  and 
a  favorable  attitude  of  mind  from  the  operating  officials  of  a  steam 
railroad  if,  in  the  presentation  of  their  case  for  electrification,  they 
show  a  lack  of  appreciation  of  those  vital  and  fundamental  princi- 
ples and  practices  that  inhabit  the  thoughts  of  men  in  charge  of 
the  operation  of  such  properties.  Electrification  engineers  some- 
times may  be  so  thoroughly  conscious  of  the  many  inherent  ad- 
vantages of  what  they  have  to  offer  that  they  forget  to  state,  and 
in  many  cases  fail  to  see,  its  limitations.  The  railroad  man's  just 
criticism  of  a  i)roposition,  some  aspects  of  which  are  overstated, 
may  be  met  with  further  overstatement.  I  lis  natural  objection  t<> 
purchasing  and  wearing  an  ill  fitting  suit  of  clothes  is  met  with  as- 
surances that  the  clothes  really  do  fit  him.  but  "that  he  doesn't 
know  it." 

Quite  recently  an  important  western  road,  whose  trallK  l'Ui- 
sists  largely  of  heavy  freight  operating  over  stitY  mountain  grades, 
was  under  consideration  for  electrification,  and  the  statement  was 
made  that,  due  to  the  inherent  characteristics  of  the  electric  loco- 
motive, it  would  be  possible  to  approximately  double  the  speed  of 
freight  trains  over  the  electrified  section.     Evidence  was  given  of 
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the  comparative  tractive  efforts  and  corresponding  speeds  of  the 
steam  locomotives  in  use  and  their  electric  rivals.  The  latter  could 
easily  maintain  nearly  double  speeds  at  greater  tractive  efforts.  There 
was  no  doubt  about  it,  and  it  was  inferred  that  the  overall  running 
time  might  be  approximately  halved  with  consequent  reduction  in 
operating  charges  and  other  expenses  per  mile.  What  was  not  re- 
garded by  the  electrification  engineer,  and  what  was  left  for  the 
railroad  man  to  point  out,  was  that  the  running  time  formed  but  a 
small  percentage  of  the  total  time  on  the  road — less  than  half  in  the 
case  of  the  drag  freights,  of  which  the  road's  traffic  was  chiefly 
composed.  Out  of  loo  minutes  in  actual  service,  56  minutes  were 
employed  in  loading  up,  waiting  at  yards  and  signals,  attending  to 
freight  car  brakes,  etc.  Only  44  minutes  were  usefully  employed 
in  running,  so  that  the  effect  on  speed  of  increased  tractive  effort 
could  make  its  impression  only  upon  44  percent  of  the  total  time, 
representing  an  increase  of  28  percent  instead  of  the  100  percent 
which  was  confidently  claimed.  In  the  case  of  the  way  freights  the 
percentage  was  less  than  this,  and  even  with  the  fast  freights,  the 
running  and  waiting- times  of  which  were  67  and  2>i  percent,  re- 
spectively, the  increase  was  only  15  percent. 

It  is  realized  that  increases  in  schedule  of  28  and  15  percent 
are  in  themselves  highly  desirable  and  should  prove  attractive  to 
any  railroad  man.  The  point  is,  however,  not  that  the  adoption  of 
electricity  cannot  effect  large  and  gratifying  economies  under  cer- 
tain conditions,  but  that  greater  care  should  be  exercised  in  meas- 
uring them.  This  can  properly  be  done  only  when  the  limitations 
and  operating  characteristics  of  the  steam  railroad  and  steam  loco- 
motives are  clearly  understood  and  appreciated,  and  with  equal 
force  when  the  limitations  of  the  electric  locomotive,  together  with 
its  attendant  power  station,  substations  and  contact  wires  are  also 
realized  and  allowed  for. 

A  point  of  superiority  in  the  steam  locomotive  which  has  not 
heretofore  been  sufficiently  acknowledged  is  its  ability  to  cope  with 
abnormal  traffic  conditions.  It  sounds  like  heresy  to  say  that,  in 
many  respects,  the  electric  system  is  less  flexible  than  the  steam 
system  it  proposes  to  replace.  Yet  that  this  is  true  an  illustration 
or  two  will  make  clear. 

Every  one  who  has  had  much  to  do  with  the  design  of  electric 
locomotives  realizes  how  closely  they  have  to  be  shaped  to  fit  the 
confronting  conditions  of   speed  variation,  grades,  tractive  effort. 
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correct  gear  ratios  and  wheel  diameters,  and  tliat  wiien  designed 
for  one  set  of  conditions  (jr  speeds,  voltage,  etc.,  they  run  but  in- 
elticiently  when  called  ujxjn  to  work  for  a  time  under  different  con- 
ditions. They  must  be  operated  closely  to  the  conditions  for  which 
they  are  designed  and  it  is  matter  for  surprise  to  realize  how  nar- 
row are  these  limits  in  many  cases.  There  is  a  considerable  differ- 
ence in  the  flexibility  of  different  kinds  of  electric  locomotives  them- 
selves. The  flatter  speed  curve  of  the  direct-current  railway  motor, 
when  compared  with  the  speed  curve  of  a  single-phase  series  com- 
pensated motor,  acts  as  a  great  handicap  to  the  former  as  far  as  the 
>l)eed  flexibility  of  rolling  stock  is  concerned;  and,  as  is  well  known, 
both  types  differ  again  enormously  in  speed  flexibility  when  com- 
l)ared  with — say,  locomotives  fitted  with  two  or  three-phase  induc- 
tion motors.  A  steam  locomotive  has  in  many  respects  greater 
flexibility  than  any  electric  locomotive.  This  may  be  brought  out 
in  another  way,  by  considering  the  behavior  of  both  steam  and 
electric  locomotives  under  some  abnormal  traffic  condition. 

Suppose  a  bunching  up  of  trains  and  tonnage  to  take  place  at 
some  point  on  the  system,  due  to  a  wreck,  a  broken  wire,  a  short- 
circuit  or  trouble  with  signals.  When  conditions  ahead  have  been 
adjusted  and  traffic  may  be  resumed,  the  operating  ofticial  in  charge 
wishes  to  let  his  trains  througii.  one  behind  the  other,  just  as  fast 
as  his  block  sections  will  permit,  and  so  make  up  time  lost  due  to 
the  breakdown.  With  a  steam  service  there  is  nothing  to  prevent 
this.  He  can  string  his  steam  trains  one  behind  the  other  just  as 
clo.se  togeiher  as  is  consistent  with  safety,  and  so  relieve  the  con- 
gestion, l^'ach  train  is  an  intlejjendent  unit,  and  may  be  so  handled 
and  regarded;  not  so.  however,  under  electrification.  Too  many 
trains  starting  together  impose  undue  peaks  on  the  power  house 
generators  and.  in  the  case  of  extended  electrifications,  with  substa- 
tions spaced  at  considerable  distances  apart,  there  are  limiting  con- 
ditions which  enter  in  preventing  the  groujjing  of  too  many  trains 
together  between  substations,  either  from  lack  <if  substation  capaci- 
ty to  take  care  of  the  abnormal  conditions  or  because  of  low  speed 
due  to  low  v<iltage  conditions  between  substations.  In  other  words, 
steam  trains  in  enn  rgiiuies  niav  lu-  despatched  in  fleets;  electric 
trains  /</  ///<•  sonic  extent  may  not.  and  this  condition,  b\  taking 
away  track  capacity  just  at  the  lime  when  the  operating  olticial 
most  needs  it.  constitute-;  a  weakness  for  the  electrification  propi^- 
sition.     'j'o  mitigate  this  there  sjiould  be  no  skimping  <>f  cither  sub- 
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stations  or  copper,  and  an  electrification  project  which  does  not 
fully  take  into  account  and  provide  reasonably  for  these  and  other 
similar  operating  conditions  cannot  expect  to  be  favorably  regarded 
for  the  operation  of  the  road. 

The  chief  single  reason  withholding  railroads  from  electrifica- 
tion today  is  the  large  capital  investment  required  and  the  doubt  in 
many  cases  of  the  ability  under  electrification  to  cover  dividends 
on  its  investment.  With  this  in  mind,  engineers  who  are  presenting 
the  claims  of  electrification  should  think  twice  before  showing  the 
smallest  initial  capital  investment,  and  the  largest  return  on  this 
that  they  can ;  indeed  it  is  to  be  feared  that  too  often  this  feature 
tempts  them  to  disregard  the  operating  and  engineering  needs  and 
present  what  is  but  an  inadequate  substitution.  The  writer  is  most 
optimistic  of  the  present  and  future  of  electrification.  Its  field  is 
wide.  There  are  many  railroad  situations  today  which  could  be 
improved  both  as  regards  their  operation  and  their  economics  by 
the  carefully  planned  substitution  of  electricity  for  steam,  but  in 
making  out  a  case  for  these  we  must  not  permit  reliability  to  be 
sacrificed  in  the  desire  for  cheapness.  Reliability  under  difficult 
conditions  is  usually  worth  a  high  price,  and  this  was  never  so  true 
as  in  the  case  of  the  electrification  of  steam  railroads. 

Passing  now  from  these  more  general  aspects  which  need  in- 
sistence, it  may  be  well  to  review  briefly  the  tendencies  of  the  times 
as  evidenced  in  developments  in  the  various  links  of  the  electrifica- 
tion chain. 

POWER    HOUSES 

Beginning  with  modern  power  houses,  it  is  pleasing  to  note 
the  great  improvement  which  has  taken  place  in  the  efficiency,  not 
only  in  the  main  units  in  boiler  house  and  engine  room,  but  in  the 
auxiliaries.  Improved  stoking  and  draft  inlet  arrangements, 
changes  in  details  of  boiler  design ;  closer  studies  of  heat  transfer- 
ence and  losses  carried  through  from  the  fire  boxes  to  the  smoke 
stacks;  closer  watch  of  the  CO,  recorder,  superheaters  and  other 
details ;  these  taken  together  permit  an  output  and  a  forcing  of  the 
boiler  capacity  that  would  have  been  incredible  a  few  years  ago. 
Similar  changes  and  improvements  have  taken  place  in  the  engine 
room;  and  whereas  overall  thermal  efficiencies  of  six  and  seven 
percent  were  and  still  are  common  in  most  stations,  this  figure  has 
crept  up  yearly,  until  today  overall  efficiencies  of  twelve  percent 
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arc  being  maintained  in  many  instances,  and  there  are  one  ur  two 
cases  where  even  fifteen  percent  has  been  reached.  This  is  fme 
progress. 

TK.\NSMISSJON    ANU    lONVEKSION 

Electricity  is  the  most  efficient  agent  so  far  developed  for  trans- 
mitting large  amounts  of  energy  and  collecting  the  same  when  and 
where  wanted ;  but  even  so  the  losses  in  transmission  are  enormous. 
There  are  few  large  electrifications  today  wherein  more  than  fifty 
percent  of  the  energ)-  generated  at  the  power  house  appears  usefully 
as  work  done  on  the  drawbars  of  the  trains.  Somewhere  in  be- 
tween, this  fifty  percent  of  the  total  energy  is  dissipated;  some  in 
the  power  house,  a  little  in  the  primary  transmission  line,  much  in 
the  substations,  if  these  involve  converting  apparatus,  and  much  in 
the  secondar}-  circuit  unless  the  collecting  voltage  be  high  and  the 
currents  correspondingly  low.  There  are  losses,  too,  in  the  rolling 
stock,  but  these  are  comparatively  small.  Most  of  the  losses  occur 
either  in  the  secondary  circuit  consisting  of  overhead  trolley  or  third 
rail  with  track  rail  return  or  in  the  conversion  of  alternating  to 
direct  current  in  the  substations.  The  lessons  to  be  drawn  from 
these  are : — 

I — That  we  must  collect  as  small  currents  as  are  reasonably 
possible;  this  means  high  voltage  on  the  contact  wire. 

2 — We  must  wherever  possible  do  away  with  the  inefficient 
rotating  apparatus  required  to  convert  energy  from  alternating  to 
direct  current,  either  motor-generators  or  rotary  converters.  There 
may  be  and  doubtless  are  situations  for  which  a  voltage  as  low  as 
3  000  volts  and  a  direct  current  may  be  the  correct  solution,  but  it 
is  ditticult  to  escape  the  conclusion  that  these  adaptations  will  not 
be  those  which  involve  the  transmission  of  large  amounts  of  energy- 
over  an  extended  mileage  of  electrification.  The  tendency  is  for 
higher  voltages  on  the  contact  wire  and  in  several  cases  15000  volts 
has  been  successfully  applied. 

ROLLING    STOCK 

Continued  progress  is  being  made  in  the  desigti  of  electric  roll- 
ing stock.  Manufacturers  each  year  seem  able  to  make  a  pound  of 
metal  possess  a  greater  j)otentiality  for  work  than  previously.  This 
arises  from  improvement  in  detail  design.  Control  apparatus  has 
been  lightened  and  cheapened.  A  better  arrangement  of  motors 
and  other  apparatus  has  resulted  in  lighter  rolling  stock  and  in  a 
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greater  percentage  of  weight  on  the  driving  wheels.  This  ])ri>gress 
seems  likely  to  continue  and  the  electric  locomotive  or  multiple-unit 
car  of  today  is  a  very  highly  developed  piece  of  apparatus — simple, 
reliable  and  economical  to  operate. 

The  writer,  however,  would  be  loath  to  accept  either  of  the  two 
chief  present  types  of  locomotive  motors  (the  standard  series  direct 
or  alternating-current)  as  ultimately  satisfactory  solutions  of  the 
problem  of  electric  propulsion  of  trains.  It  is  believed  that  a  more 
economical,  reliable  and  cheaper  piece  of  propulsion  apparatus  will 
yet  be  developed.  IMany  interesting  and  significant  experiments  are 
being  tried  and  in  various  parts  of  the  world,  embodying  mercury 
arc  rectifiers,  split  phase  converters,  motors  having  characteristics 
which  are  a  compromise  between  the  standard  series  and  repulsion 
motors,  and  within  this  wealth  of  ideas  and  experimentation  there 
will  be  developed  the  standard  heavy  traction  units  whose  inherent 
designs  will  have  application  to  the  conditions  they  must  satisfy. 

Most  significant  of  all,  however,  is  the  advance  to  accepted 
practical  standardization  of  the  overhead  system  of  power  supply 
and  the  disappearance  of  the  consideration  of  the  third  rail  in  the 
field  of  heavy  traction.  There  is  but  one  reason  for  this.  The  over- 
head wire  is  the  only  type  of  construction  that  can  deliver  high 
voltage  to  the  locomotive,  and  the  complementary  statement  follows : 
that  since  no  practical  limitation  on  the  manufacture  of  high  po- 
tential alternating-current  exists — while  in  the  case  of  direct  current 
a  very  positive  limitation  is  to  be  reckoned  with — the  most  natural 
combination  has  now  arrived,  viz :  overhead,  high  potential,  single- 
phase. 


ELECTRIC  RAILWAY  PROPERTIES 
AND  THE  PUBLIC 

CALVERT    TOWNLEY 

Till",  primary  reason  for  buiUlitit^  trolley  lines  is  to  trans- 
port people.  Several  secondary  results  follow,  some  of 
ihem  always,  otliers  frequently.  First  the  convenience 
of  the  communities  served  is  greatly  increased  and  their  industrial 
activities  stimulated;  second,  real  estate  values  are  enhanced  and 
the  communities  taxable  values  thereby  increased.  The^e  two  re- 
sults almost  invariably  follow  trolley  construction.  If  any  one 
disbelieves  this  let  him  pick  out  the  ix)orest  trolley  service  com- 
ing under  his  notice  and  suggest  that  it  l)e  abandoned  and  the 
tracks  taken  uj).  Then  note  the  opposition  develop  in  the  com- 
nninities  served.  A  third  but  not  an  inevitable  result  which  fol- 
lows building  is  a  profit  to  the  builders.  Many  other  minor  con- 
sequences also  occur,  but  perhaps  the  above  named  primary  reason 
and  secondary  results  are  all  that  need  be  here  considered. 

It  is  difficult  to  imagine  any  substantial  community  in  this 
generation  without  trolley  service.  It  may  be  doubted  if  any  city 
can  long  hope  or  expect  to  progress  without  it.  but  must  rather 
expect  to  fall  hopelessly  behind  in  its  commercial  competition  with 
other  places  not  so  handicapi)ed.  The  need  of  trolley  transpor- 
tation seems  so  obvious  and  its  adecpiale  sui>i)ly  in  every  coni- 
nmnity  so  important  that  even  the  brief  recital  of  facts  here 
.sounds  commonplace  and  umiecessary.  yet  search  the  colunms  of 
the  press,  the  magazines,  the  mimites  of  our  legislative  bodies, 
federal,  state  and  numicipal.  wherever  trolley  questions  arc  de- 
bated, and  do  we  lind  efforts  put  forth  to  get  lrolle\  service  for 
conmiunities  now  without  it  and  tti  insure  its  suitable  extension 
when  once  established?  In  ilie  main.  no.  The  i)rimary  subject 
for  discussion,  debate,  ordinance  or  legislative  enactment  is  to 
prevent  the  builders  and  operators  of  this  almost  invaluable  util- 
ity from  making  too  much  uKMiey  out  t)f  it.  W'c  have  most  com- 
pletely put  the  cart  before  the  horse  and  are  devoting  our  energies 
unsi)aringly  tt)  the  control  of  one  of  the  three  corollaries  to  the 
general  proposition,  and  fret|uently  without  ade(|uate  considera- 
tion of  the  effect  our  actions  are  likely  to  have  on  the  underlying 
primarv  object  of  securing  transportation  for  the  people.  The 
present    condition    of    affairs    has    come    alx)Ut    (juitc    naturally. 
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Trolley  transportation  has  come  to  be  an  accepted  necessary  in- 
cident to  the  life  of  every  community.  We  do  not  stop  to  re- 
joice in  its  possession  any,  more  than  we  do  in  that  of  having 
running  water  in  our  bath  rooms.  If  any  of  us  own  property 
near  a  trolley  line  and  its  value  increases  our  joy  is  tempered 
because  our  taxes  are  higher.  Urban  trolley  service  holds  per- 
haps a  more  intimate  relation  to  our  private  lives  than  does  any 
other  utility.  Its  cars  are  constantly  before  us.  We  must  see 
and  hear  them  even  when  we  are  not  using  them,  and  every  time 
we  use  them  we  pay  money,  instead  of  only  every  month  or 
quarter,  as  with  other  utilities.  Delays  and  defects  of  service 
are  self -advertised  matters  of  public  knowledge.  We  remember 
inconveniences  or  discourtesies  from  subordinate  employees  and, 
consciously  or  not,  hold  those  at  the  top  responsible.  These  facts 
and  others  have  operated  to  create  and  foster  antagonism  against 
the  utility  companies  themselves,  which  takes  the  natural  shape  of 
adding  to  their  burdens  and  of  restricting  their  earnings,  usually 
with  insufficient  consideration  for  what  should  be  the  controlling 
factor,  namely :  Adequate  present  and  future  service  to  the  people. 

Humanity  is  selfish.  We  are  apt  to  talk  about  our  own 
troubles.  Wherefore,  when  the  trolley  company,  smarting  under 
injustice  perhaps,  has  sought  relief  it  has  tried  to  prove  injustice 
by  talking  about  its  trouble  and  frequently  meeting  the  response, 
"You  have  brought  it  on  yourself  by  past  sins."  Now  here  we 
have  the  root  of  the  trouble,  too  many  people  think  the  punish- 
ment of  a  utility  company  doesn't  affect  themselves,  so  "Why 
not  soak  them  and  get  square?" 

The  object  of  this  article  is  tO'  emphasize  this  fallacy  and  try 
to  make  it  clear  that  the  public  and  not  the  company  has  to  suffer. 
The  futility  of  urging  forgiveness,  liberality  or  even  fairness  for 
his  sake  for  someone  who,  up  to  now,  has  got  the  best  of  us  is 
well  known.  But  once  we  are  convinced  that  such  action  will 
pay  us,  we  are  much  more  likely  to  be  fair  to  him  for  our  own 
sakes. 

Now  how  does  a  community,  not  at  present  supplied,  get 
trolley  service,  and  how  does  a  community  that  already  has  trol- 
ley service  keep  itself  up  to  date?  It  seems  needless  to  consider 
municipal  ownership  and  operation  because  that  method  has  not 
been  adopted  in  this  country  and  with  us,  consequently,  is  as  yet 
an  academic  question.  Therefore,  trolley  service  must  be  pro- 
vided by  private  capital.     Every  utility  increases  service  as  some 
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function  of  the  increase  in  population.  Statistics  of  past  growth 
in  general  supix)rt  the  statement  that  trolley  gross  earnings  and 
therefore  trolley  service  increases  more  rapidly  than  population ; 
in  large  cities  more  nearly  as  the  square  of  the  increase  in  popu- 
lation. More  service  means  more  cars,  larger  power  houses,  big- 
ger feeders,  additional  car  barns  and,  as  the  community  expand'^, 
additional  tracks,  all  of  which  of  course  means  additional  capi- 
tal. Authentic  records  show  that  over  a  term  of  yeais  the  amount 
of  this  additional  capital  put  into  a  large  number  of  properties 
has  averaged  between  the  limits  of  a  minimum  of  $3,  and  maxi- 
mum of  $5.50  for  every  $1.00  of  additional  gross  earnings  re- 
ceived. Obviously  additional  capital  from  three  to  five  and  a  half 
times  its  earning  power  cannot  be  taken  out  of  earnings  and 
therefore  there  must  be  some  source  from  which  a  continuous 
supply  of  new  money  flows.  Now  where  can  this  money  come 
from?  A  popular  conception  is  that  it  comes  from  a  banker. 
Where  does  the  banker  get  it?  When  he  subscribes  for  stock 
does  he  expect  to  invest  his  own  money?  Certainly  not.  No 
banker's  private  fortune  could  long  withstand  such  drains.  Two 
of  his  most  valuable  assets  are  his  public  credit  and  his  private 
clientele.  By  subscribing  he  keeps  his  credit  back  of  the  enter- 
prise and  enables  it  to  be.  He  also  secures  for  his  clientele  op- 
portunities for  investment  not  otherwise  available.  Both  services 
are  distinctly  valuable  and  the  banker  is  entitled  to  a  profit  for 
his  performance.  Without  his  reputation  as  a  financier  his  sub- 
scription would  have  little  value.  Without  a  reputation  for  busi- 
ness sagacity  his  clientele  could  never  have  been  acquired.  But 
these  facts  mean  that  funds  for  trolley  betterments  must  come 
from  individuals — yourself  and  myself  and  any  one  else  who  has 
money  to  invest. 

It  has  long  been  recognized  that  local  sources  cannot  be  re- 
lied upon  to  supply  the  continued  capital  demands  for  a  community's 
utilities.  I<Ve(|uently  the  supply  is  insufficient  and  sometimes  the 
stabiliiy  of  the  enteri)rise  or  the  responsibility  of  its  managers 
is  questioned.  These  facts  and  others  brought  about  a  syndicat- 
ing movement  which,  during  the  last  few  years,  has  spread  rapid- 
ly over  the  whole  country,  whereby  a  combining  of  the  utilities 
of  several  communities  into  one  corporation,  backed  by  substan- 
tial people,  has  largely  removed  the  limiting  conditions  named 
and  cppital  for  betterments  now  comes  from  sources  outside  the 
territory  benefitted. 
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Now  why  should  you  or  others  invest  your  savings,  say  for 
example,  in  a  trolley  property  in  Montana  or  any  other  point  re- 
mote from  our  respective  homes  where  we  have  no  interest  in 
or  responsibility  for  the  welfare  of  the  community  served?  Ob- 
viously because  we  anticipate  bigger  returns  on  our  money  there 
than  elsewhere.  Certainly,  without  such  expectation,  no  one 
would  put  money  into  a  Montana  trolley.  To  l^e  an  attractive 
investment  after  paying  all  expenses  of  every  nature  there  must 
still  remain  from  each  added  dollar  of  gross  earnings  enough  to 
yield  a  "satisfactory"  profit  on  the  from  $3.00  to  $5.50  of  new 
invested  capital  recjuired  to  produce  it.  Please  note  that  it  must 
be  a  "satisfactory"  return.  This  means  "satisfactory"  to  you  and 
me  and  to  the  other  investors,  no  matter  what  any  Commission 
may  rule  to  be  a  "fair"  return,  because  investors  only  invest 
when  and  where  they  choose,  let  courts  and  commissions  rule 
how  they  will.  Trolley  investments  must  compete  with  all 
others.  They  win  or  lose  on  their  merits.  Therefore,  whenever 
in  the  investor's  judgment  trolley  securities  become  less  attrac- 
tive than  others,  new  capital  will  go  elsewhere.  Too  much  em- 
phasis cannot  be  laid  on  this  basic  fact  because  it  is  the  key  to 
the  whole  situation  and  has  been  generally  ignored  in  the  unre- 
mitting and  widespread  strenuous  effort  to  load  trolley  properties 
with  new  burdens.  A  common  mistake  is  that  of  thinking  of  a 
trolley  system  as  a  completed  affair,  the  money  is  not  and  can- 
not be  got  out,  therefore,  by  suitable  commission  rulings  or  laws 
its  earnings  may  easily  be  limited  without  the  limiting  power  as- 
suming the   slightest   responsibility   for  loss. 

In  the  unrestricted  past  the  experienced  trolley  builder  could 
frame  his  own  financial  plan,  dealing  with  municipalities  for  fran- 
chises and  generally  fix  his  own  rate.  Then  the  strong  incentive 
for  future  profit  justified  the  building  of  extensions  through 
sparsely  settled  territory  somewhat  ahead  of  its  transportation 
needs.  The  builder  risked  his  money  on  his  judgment,  expecting 
that,  although  such  territory  might  not  immediately  support  a 
line,  later  it  would  build  up  and  yield  a  profit  both  on  the  con- 
struction cost  itself  and  also  on  certain  additional  securities  as 
well,  that  is  to  say,  on  the  much  discussed  and  criticized  watered 
stock.  He  used  his  credit  and  frequently  his  pocket-book,  stand- 
ing behind  early  deficits  involving  losses,  hoping  to  recoupe  him- 
self later.  There  is  no  doubt  that  under  these  conditions  many 
lines  have  been  built  much  in  advance  of  their  commercial  justi- 
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licalioii,  llKTfl)y  ;rniKii'l<iu>l\  .iiiliii.;;  rapiil  i\Uiisi"»ii  and  ik-vcl- 
opnu'iit  of  the  oiiintmiiiitic-  involved.  I  lu-  man  <>t'  nio<k-l  inconn.- 
(.ouM  own  his  own  hnnu-  ami  raise  a  faniih  tit  healthy  ihildren 
where  land  was  eheap  and  sunshine  aii<l  frfsli  air  abundanl  and 
free.  Without  a  full\  de\elo|nd  trolley  system  this  iiri\ilege 
rapitUy  shrinks.  There  is  a  lonf,^  sad  list  of  companies  which 
have  paid  no  dividends,  many  of  them  not  all  of  their  operating 
expen.ses  and  fixed  charges.  By  no  means  all  such  lines  as  have 
just  been  described  have  been  protitable,  which  is  only  another 
way  of  saying  that  trolley  builders  as  well  as  others  make  mis- 
takes in  judgment. 

In  the  last  published  report  of  the  Public  Service  Commis- 
sion of  the  Second  District  of  Xew  York,  including  all  of  the 
trolley  properties  of  tiie  state  outside  of  (ireater  Xew  York,  the 
statistics  of  71  ojierating  companies  show  that,  of  these,  seven 
paid  dividends  of  5',<^  or  6  i)ercent  during  the  year,  four  paid 
dividends  of  five  jjcrcent,  four  of  four  percent  and  seven  of  lesser 
percentages  varying  from  \]A  to  3  percent.  The  remaining  4^1 
companies  paid  no  dividends  at  all  but  the  pul)lic  received  the 
benefits  of  the  service  just  the  same.  Further,  they  will  continue 
to  receive  benefits,  because  once  built  a  trolley  never  stops  ope- 
ration, no  matter  who  may  make  or  may  lose  money.  The  in- 
centive to  build  trolley  roads  has  been  one  of  the  greatest  factors 
in  the  growth  of  many  of  our  thriving  cities.  Its  removal  will 
certainly  operate  in  the  reverse  direction.  In  the  last  analysis 
what  part  of  gross  earnings  stays  in  the  company's  treasury  after 
all  expenses  have  been  deducted  and  is  applicable  to  dividends, 
depends,  of  course,  on  the  density  of  traftic.  It  costs  almost  as 
much  to  operate  a  trolley  car  without  passengers  as  it  does  with 
a  full  load  and  obviously,  therefore,  if  a  given  numl)er  of  cents 
out  of  each  dollar  earned  are  needed  to  attract  new  capital,  then 
as  the  cost  of  operation  per  car  mile  increases,  the  number  of 
passengers  per  car  mile  nnist  akso  increase,  that  is.  the  cars  must 
be  more  crowded;  fewer  cars  must  be  run  through  thinly  jHipu- 
lated  districts  until  such  districts  buiM  up.  Extensions  must  be 
deferred  until  the  traffic  has  caught  up  to  and  has  passed  the 
facilities.  This  is  not  a  personal  opinion  but  the  application  of 
a  general  economic  law  to  a  specific  case.  .\  reiteration  of  the 
statements  tliat  the  railroads  have  been  greedy  in  the  past  and 
are  themselves  responsible  for  present  antagonism  will  not  change 
this  law.    Primarily  we  are  not  concerned   with  placing  the  blame, 
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Init  we  are  very  deeply  concerned  about  the  existing  facts.  The 
writer  is  making  no  plea  for  trolley  companies  as  such,  because 
most  of  us  pay  money  to  instead  of  getting  it  from  them,  and  do 
not  care  particularly  whether  they  run  at  a  profit  or  a  loss. 
However,  it  is  important  to  us  to  recognize  the  inevitable  result 
of  an  effort  concentrated  on  keeping  down  trolley  profits  but 
which  ignores  the  country's  needs.  Are  we  pointing  out  a  ghost  of 
a  far  distant  future  trouble  or  is  it  at  hand? 

Statistics  record  that  in  the  five  year  period,  1902- 1907, 
12  154  miles  of  trolley  lines  were  put  into  operation  in  the  United 
States,  in  the  succeeding  five  years,  to  19 12  inclusive,  the  figure 
is  5  295  miles,  a  decrease  of  56.4  percent,  but  the  number  of 
people  needing  extensions  increased  at  about  a  uniform  rate 
through  both  periods.  A  public  utility  commissioner  in  an  im- 
portant eastern  state,  which  has  a  "splendid"  public  utility  law, 
lives  in  a  town  where  the  trolley  system  has  fallen  behind  and 
badly  needs  rehabilitation.  Local  capital  has  not  been  forthcom- 
ing for  that  purpose.  His  appeal  to  well  known  trolley  builders 
and  operators  elsewhere  developed  the  fact  that,  although  these 
people  were  willing  and  even  anxious  to  take  up  the  enterprise,  the 
state  laws  had  been  drawn  so  carefully  to  "protect"  the  public 
that  no  way  could  be  found  to  induce  outside  capital  to  assume 
the  risks  of  loss  without  a  corresponding  opportunity  for  profit. 
This  is  one  recent  instance  where  the  trolley  development  must 
wait  and  the  community  sag  behind  and  suft"er  for  an  indefinite 
time. 

To  one  who  may  still  think  this  discussion  academic,  it  is 
respectively  suggested  that  a  comparison  be  made  of  American 
trolley  lines  and  of  the  British  tramways,  with  respect  to  the 
population  per  mile  of  track  and  the  car  miles  run  per  annum 
per  inhabitant.  In  Great  Britain  the  restrictions  have  been  more 
severe  than  they  are  in  this  country  and  the  burdens  greater,  with 
the  consequent  inevitable  result  that  there  the  tramways  have 
been  built  only  in  the  more  densely  populated  territories.  Great 
Britain  has  already  reached  the  goal  towards  which  we  are  speed- 
ing. H  that  is  what  this  country  wants,  no  attention  need  be 
given  to  this  discussion.  Let  us  continue  to  add  burdens  and  to 
limit  earnings  and  we  will  certainly  get  it. 


THE  NORFOLK  c\:  WESTERN  ELECTRIFICATION 

F.  I.  ROHRER 

AM(  )ST  important  (levelopiiient  in  the  electritication  of  steam 
railroads  is  that  recently  announced  for  the  Norfolk  & 
Western  Railway  Company  in  the  operation  of  their  main 
line  o\  cr  the  mountain  grades  betvven  \  ivian,  W.  \'a.,  and  Blue- 
field,  W.  \  a.,  in  the  States  of  West  \'irginia  and  Virginia.  Not 
only  does  this  development  mark  an  important  step  of  progress  in 
the  use  of  electric  energy  as  a  motive  power,  but  it  forms  another 
practical  instance  showing  the  advantages  to  be  gained  in  heavy 
freight  haulage  by  the  use  of  electric  locomotives.  The  traffic  to 
be  handled  comprises  the  heavy  coal  train  service  originating  chiefly 
?t  points  along  the  Elkhorn  Grade,  the  heaviest  movement  being  up- 
grade. 'J'he  reverse  movement  of  empty  trains  and  a  certain  amount 
of  westbound  coal  is  also  to  be  handled  electrically,  or  assisted  up- 
grade by  the  electric  locomotives. 

The  electrified  section  is  about  30  miles  long,  extending  from 
Vivian  ,W.  Va.,  to  Ijluefield,  W.  \'a.,  as  shown  by  the  outline  map. 
l-'ig.  I.  The  line  is  provided  with  numerous  industrial  sidings  and 
passing  tracks ;  also  with  storage  and  terminal  yards  and  is  double 
track  throughout  exccjit  at  l^lkliorn  tunnel,  which  is  single  track. 
The  grades  range  from  a  level  track  to  a  maximum  of  2.5  percent 
against  loaded  trains,  as  shown  by  the  profile,  Fig.  2. 

There  are  a  number  of  tunnels  in  this  section,  all  on  tangent 
track  with  the  exception  of  S50  feet  of  three  degree  curve  at  the 
east  end  of  the  Mlkhorn  tunnel.  The  tunnel  near  I'ooper  is  al>out 
700  feet  long  on  tangent  track  and  the  l''lkhorn  tunnel  about  3  100 
feet  in  length.  The  height  of  the  h'lkhorn  tunnel  is  iS  ft.  6  in.  from 
the  top  of  the  rail  to  the  crown  of  arch,  and  a  maximum  width  of 
14  ft.  at  a  heigiit  of  10  ft.  6  in.  above  the  rail. 

ll'eiyht  of  Trains — East  bound  trains  are  to  be  made  up  either 
at  Vivian,  Eckman  or  North  Fork,  to  a  normal  weight  of  3  250  tons, 
and  are  run  through  to  Flat  Top  or  Blucfield ;  at  l-'lat  Top  they  may 
be  filled  out  to  3  500  tons  for  movement  to  Ijluefield.  Trains  of 
3  250  tons  may  be  operated  through  to  Blueficld  without  filling 
out  at  Flat  Top,  and  in  that  event  the  locomotives  are  to  he  capable 
of  operating  at  approximately  2S  miles  per  hour  from  Cooper  to 
Graham.  West  Innuid  trains  are  in  general  made  up  of  empties  as 
required,  and  run   from  Blueficld  to  points  of  distribution  at  the 
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various  coal  o])cration.s  on  the 
^rade  west  of  the  Elkhorn  tun- 
nel, or  these  empty  trains  may 
at  times  be  run  through  toEck- 
nian  or  \i\ian.  East  bound 
trains  average  about  45  loaded 
cars  each  up  the  l^lkhorn  grade 
and  may  be  filled  out  to  50 
loaded  cars  at  Flat  Top.  Stand- 
ard west  bound  trains  consist 
of  about  65  cars  of  empties, 
but  lighter  trains  are  run  as  oc- 
casion demands.  Loaded  (trains 
are  .sometimes  run  west  from 
Flat  Top  and  these  consist  of 
about  45  loaded  cars,  or  3  250 
tons. 

Speed  of  Trains — Trains  of 
3  250  tons  are  to  be  operated 
at  a  normal  running  speed  of 
approximately  14  miles  per 
hour  up  grades  of  from  one  to 
two  percent  and  at  a  normal 
running  speed  of  approximate- 
ly 28  miles  per  hour  on  level 
track  and  existing  main  line 
grades  up  to  0.4  percent.  The 
normal  running  speed  down 
grades  of  i  to  2.5  percent  will 
be  approximately  15  miles  per 
hour  when  holding  the  train  by 
regeneration. 

Method  'of  Operation] — Two 
single  electric  locomotives  will 
form  one  road  unit,  making  the 
round  trip  runs  between  Blue- 
field  and  either  Vivian,  Eck- 
man  or  North  Fork,  as  re- 
quired, handling  empty  cars  on 
the  west  bound  trip  and  loaded 
cars    on    the    east    bound    trip. 
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Two  loconioli\c>  iDUpk-tl  ami  upcralcil  lu^cllicr  will  form  one 
pusher  unit  and  will  make  round  trips  between  Ruth  and  Vivian. 
Ecknian  or  North  Fork.  (Jn  the  west  bound  trip  the  pusher  un't 
will  be  coupled  to  the  rear  of  the  train  and  will  be  used  as  a  switcher 
to  distribute  em])ties  as  required  i>n  the  grade.  On  the  east  bound 
trip  the  pusher  unit,  opirating  at  the  rear  end  of  the  train,  will  also 


I 


HG.   2 — PROFILE  OF  LINE— VIVIAN   TO   ItLUEFIEM) 

be  used  as  a  switcher  to  pick  up  loaded  cars  at  the  various  stops  on 
the  grade.  The  tractive  efforts  exerted  under  the  various  operating 
conditions  are  given  in    Table  1. 

Power  House  Equipment — The  power  house  will  be  located  at 
Bluestone,  the  equipment  consisting  of  three  9000  kilowatt,  single- 

T.\BI.K  I— TR.\CTIVE  EFFORTS  FOR  I)IFF1;rKNT 
C.R.XDKS  .\NI)  LO.\DS 


Train  on 

I .;")  and  2 

jn'rrenl 

(grades 


Weight  of  train— tons :!  .'.'lU 

Locomotives  j)er  train I 

.Vpproxiniate  sj)ee<l,   miles  per  hour...      11 
Draw-bar  pull  per  locomotive,  lbs. 

Uniform    Acceleration 45  9()0 

On  2  percent  ^rade 37  7i>0 

"   1         "  ••     

"   I. L'L' percent  ;.,'rade 

"  0.4         "  "      

Maximum  acceleratinfj  tractive  effort 

per  locomotive,  lbs (;2  .MMi 


Train  on 

1  percent 

j^rades 

:{  2.5(1 
II 

iu  OO) 
12  i«M) 


Train  on   Train  on 
1.22  per-     (1.4  per- 
cent 
' grades 

:\  500 

14 

4;  700 


cent 
jjrades 

:{2:)0; 

•> 

2S  ^1^ 

.'il»'7(M) 


m  000 


()2  ^On       ('>L'  .">(H) 


2:i  (XH) 
45  000 


phase,  25  cycle,  ii  (X»  volt,  i  500  r.p.m.  turl)o-gencrator  units,  with 
two  turbo-exciters,  and  a  motor-generator  exciter  set,  together  with 
step-up  transformers  for  33000  volt  transmission  lines  to  feed  the 
transformer  sub-stations. 

TYPE  OF  LOCOMtlTIVE 

The  locomotives,  of  Raldwin-Wcstinghouse    makj,    have    ar- 
ticulatcil   trucks  an«l   weigh    130  tons  each.     As  sln»\vn   in    I'ig.  3. 
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four  driving  axles  and  two  carrying  axles  are  used,  the 
wheel  base  being  divided  into  two  separate  units  or  trucks,  con- 
nected at  adjacent  ends  by  a  hinge  coupling.  The  carrying  axles  are 
mounted  radially  and  each  main  truck  has  two  driving  axles  and  one 
radial  axle.  The  outer  ends  of  the  trucks  are  fitted  with  standard 
buffers  and  friction  draft  gear  with  standard  coupler,  the  draw-bar 
pull  being  transmitted  through  the  truck  frames  to  the  train.  The 
weight  does  not  exceed  57000  lbs.  per  pair  of  drivers  and  is 
sufficient  to  produce  a  tractive  adhesion  for  a  maximum  effort  oT 
62  500  lbs.  per  locomotive ;  the  weight  on  each  radial  axle  is  not 
less  than  20000  lbs.  at  the  rail.  The  locomotive  will,  with  forced 
ventilation,  have  sufficient  capacity  to  exert  continuously  a  tractive 
effort  of  33  600  lbs. 

A  single  cab  supported  on  the  trucks  at  suitable  bearing  points, 


Width  over  cab  sheet  10  ft 


M  ft.6  1 


-52  ft.- 


FIG.  3 — OUTLINE  SKETCH  OF  NORFOLK  AND  WESTERN   ELECTRIC  LOCOMOTIVE 

contains  the  operating  and  control  apparatus  of  the  locomotive. 
The  cab  is  of  the  box  form,  provided  with  end  doors  and  platforms 
for  convenient  passage  between  two  or  more  locomotives  when 
coupled  together,  and  between  the  locomotive  and  train ;  in  addition, 
side  doors  are  provided  at  diagonally  opposite  corners.  There  are 
also  side  and  end  windows  for  lighting  the  cab.  The  apparatus  is 
arranged  along  the  center  of  the  cab,  making  it  conveniently  ac- 
cessible and  leaving  a  clear,  unobstructed  passageway  at  either  side. 

The  control  apparatus,  both  air  and  electric,  is  located  at  one 
end  of  the  cab,  in  such  a  manner  as  to  leave  an  unobstructed  view 
along  the  track.  The  operator's  seat  is  located  so  that  there  will  be 
a  clear  view  of  the  signals. 

Each  locomotive  is  provided  with  two  overhead  pantagraph 
trolleys  having  automatic  self-adjusting  action  and  arranged  for  a 
working  height  of  i6  feet  under  bridges  or  other  permanent  struc- 
tures and  a  normal  height  of  24  feet  along  the  open  line,  the  trolleys 


NORFOLK  &  U'ESTERiW  ELECTRIFICATION      941 

being  controlled  by  air  pressure.  Current  is  taken  from  the  trolley 
at  a  normal  potential  of  11  ocx)  volts.  The  present  plans  cover  the 
purchase  of  24  locomotives. 

Motor  Equipment — The  motors,  which  are  connected  thrf)Ugh 
twin  gearing  to  a  jack  shaft,  are  of  the  polyphase,  25-cycle  induc- 
tion type  with  wound  secondaries,  which  are  connected  in  cascade 
for  producing  k)W  speed  in  starting  and  switching.  There  are  two 
running  speeds,  j<S  and  14  miles  per  hour,  and  a  switching  speed  of 
seven  miles  per  hour.  In  starting  with  the  seven-mile  combination, 
the  motors  on  each  truck  will  be  connected  in  cascade  and  the  two 
sets  of  cascades  will  be  connected  in  parallel.  Resistance  will  be 
inserted  in  the  secondaries  at  starting.  In  this  combination  the 
primaries  will  be  arranged  for  eight  poles.  With  the  14-mile  com- 
bination all  motors  will  be  in  parallel  connected  for  eight  poles,  and 
with  the  28-mile  combination  a  four-pole  arrangement  will  be 
used,  resistance  being  used  on  intermediate  steps. 

Control  Apparatus — A  multiple-unit  system  of  control  is  to  be 
provided  for  the  independent  operation  of  each  locomotive,  or  for 
the  operation  of  two  units  simultaneously  from  the  control  end  of 
either  locomotive  in  whatever  order  or  arrangement  the  locomotive 
may  be  coupled  together.  The  control  e(|uipment  is  arranged  and 
constructed  to  provide  for  the  use  of  single-phase  current  from  the 
pantagraph  trolley  which  is  connected  to  the  primary  winding  of  the 
main  transformer  through  a  suitable  line  switch;  from  the  secondary 
of  the  transformer,  circuits  will  be  established  through  and  in  con 
nection  with  the  phase  converter  in  such  a  manner  as  to  deliver 
l)olyphase  current  to  the  main  motors. 

Each  locomotive  is  provided  with  an  air  compressor  driven 
from  the  phase  converter,  through  a  nuiltiple-disc  friction  clutch. 
This  clutch  is  controlled  by  the  main  reservoir  pressure  so  that  the 
compressor  is  operated  only  as  re(|uircd.  Each  locomotive  is 
equipped  with  straight  air  and  automatic  air  brakes,  and  is  also 
provided  with  the  necessary  ventilating  apparatus  for  the  motor 
e(|uipment,  transformers,  etc..  together  with  -.'uider  .md  r.nb  hr.iting 
equipment. 

The  electrical  e(|uipment  has  been  designed  with  special  con- 
sideration for  regeneration  and  electric  braking  on  grades.  Ix>th  for 
the  purpose  of  safety  and  economy  of  operation,  the  latter  features 
resulting  in  a  reduction  in  the  <iemand  on  the  generating  system,  as 
well  as  a  decrease  in  the  wear  and  tear  on  the  train  equipment, 
the  local  condition--;  being  wry  favorable  for  this  type  of  operation. 


WHY  STEAM  RAILROADS  ARE  ELECTRIFYING 

W.  R.  STINEMETZ 

THE  growth  of  the  electric  system  in  the  transportation  field 
has  heen  a  gradual  development,  not  of  the  motor  or  equip- 
ment alone,  but  of  the  entire  apparatus  for  transforming 
power  from  the  coal  pile  or  water  wheel  to  the  axle  of  the  locomotive 
or  car.  There  is  no  one  reason  for  the  gradual  invasion  of  the  steam 
locomotive  domain.  Every  advance  has  been  due  to  the  ability  of 
the  electric  system  to  meet  some  particular  condition  more  success- 
fully than  its  rival.  The  present  increased  activity  in  the  applica- 
tion of  the  electric  locomotive  to  steam  railroad  properties  is  due, 
first,  to  the  fact  that  electrical  apparatus  has  demonstrated  its 
ability  to  handle  large  quantities  of  power  reliably  and  economically 
while  its  flexibility  makes  possible  the  delivery  of  this  power,  where 
needed,  in  the  most  advantageous  manner ;  second,  because  the  op- 
erating conditions  and  traffic  demands  on  steam  railroads  have  in- 
creased at  such  a  rate  that  the  steam  locomotive  in  spite  of  its  recent 
development  is,  in  many  cases,  no  longer  able  to  meet  those  condi- 
tions successfully. 

TERMINALS 

The  first  inroad  of  the  electric  system  was  on  the  elevated 
railways  of  large  cities  where  the  steam  engine  has  been 
entirely  eliminated.  This  was  due  to  its  ability  to  start  long 
trains  quickly  and  efficiently ;  its  flexibility  which,  with  the 
multiple-unit  system,  permits  the  size  of  trains  to  be  regulated  as 
the  immediate  traffic  demands,  and  its  availability  for  service  at  all 
times  without  advance  preparation.  A  considerable  saving  in  track- 
age in  the  terminals  is  eft"ected  by  the  fact  that  there  is  no  turning 
or  shifting  to  be  done,  nor  is  there  the  necessity  for  frequent  trips 
to  the  round  house  for  inspecting  and  hostlering.  The  excellent 
showing  made  on  the  elevated  roads  soon  lead  to  the  adoption  of 
the  electric  system  in  the  large  terminals  of  steam  roads  having 
heavy  suburban  traffic. 

It  has  been  stated  that  the  speed  of  trains  on  suburban  traffic 
has  been  increased  40  percent,  due  to  electrification,  also  that  double 
the  number  of  trains  can  be  handled  in  the  terminaJs  with  the  same 
trackage  as  was  required  b_v  steam  operation. 

TUNNELS 

The  next  surrender  of  the  steam  to  electric  operation  was  in 
tunnel  work.     This  is  shown  in  the  various  subways  and  tunnels 
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which  have  hcen  declrilKd.  muIi  a^  those  in  Xcw  York,  the  JI<jo-.,ii 
and  the  St.  ("lair  'runiiel>,  the  Jlahiniore  i!v-  <  >hi<»,  the  Detroit  Rivti 
and  the  Xf>rthern  I'acitic  C'a-^iaciv  TnnneK.  In  this  chi->s  of  work, 
not  only  has  the  j^real  danj^i-r  dnc  to  smoke  and  gases,  together  uilh 
the  inability  to  see  signals  in  llie  tnnnel.  heen  eliminated,  l)nt  the  de- 
lays to  tralVK-  while  wailing  for  these  fumes  to  be  cleared  has  been 
overcome.  This  feature  has,  under  unfavorable  atmospheric  con- 
ditions, compelled  trains  under  steam  operation  to  wait  for  an 
hour  before  entering,  thus  causing  a  congestion  of  traflic. 

For  these  reasons  the  electrification  of  the  Hoosac  Tunnel 
quadrupled  its  capacity  for  handling  traffic.  In  the  Cascade  Tunnel, 
due  to  its  length  and  grade,  it  was  necessary  to  hold  the  trains  until 
the  fires  of  the  Mallet  engines  could  be  drawn  and  new  ones  built 
with  high  grade  coal  before  entering. 

As  these  tunnel  divisions  are  often  the  limiting  portions  of 
the  road,  their  capacity  determines  the  amount  of  traffic  which 
can  be  handled ;  consequently  the  elimination  of  this  congested  sec- 
tion by  electrification  enlarges  the  traffic  capacity  of  the  entire  road. 
FurtheruKire.  electrification  has,  as  regards  passenger  service,  trans- 
formed the  dirty  and  disagreeable  tunnel  trip  with  the  steam  loco- 
motives to  a  cleanly  and  cheerful  experience  which  greatly  enhances 
the  popularity  of  the  road  with  the  traveling  public. 

GR/\DES 

The  third  place  where  the  attack  is  now  centered  is  in  freight 
haulage  on  mountain  divisions.  Not  many  years  ago  the  electrifica- 
tion of  trunk  line  steam  railroads  was  considered  impracticable, 
but  the  steam  engineers  were  following  the  development  of  the  elec- 
tric systems  with  their  approaching  possibilities.  This  gave  them  a 
great  incentive  for  development  and  led  to  marked  improvements 
in  the  steam  locomotive,  in  order  to  meet  the  new  conditions  o\ 
traffic.  Notwithstanding  this,  however,  there  is  a  growing  demand 
by  steam  railroad  men  for  advice  on  the  cost,  economy,  deprecia- 
tion and  maintenance  of  electric  IcK-omotivcs  for  certain  conditions 
of  service. 

As  70  percent  of  the  revenue  derived  from  the  operation  of 
railroads  is  obtained  from  the  transj^ortation  of  freight,  economies 
etTectcd  on  these  mountain  divisions,  where  the  cost  is  high,  will 
have  a  large  bearing  on  the  total  net  rc\'enue.  Furthermore,  in 
many  cases  the  congestion  of  traffiic  which  it  is  impossible  to  relieve 
by  additional  trackage,  due  to  physical  characteristics,  demands  re- 
lief in  more  speed  and  heavier  trains. 
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LOCOMOTIVE  DEVELOPMENT 

The  Mallet  engine  is  the  latest  development  of  steam  engineers 
to  meet  the  requirements  of  this  class  of  work.  This  engine  is  huilt 
to  the  maximum  size  as  regards  road  clearances,  with  a  view  to 
replacing  two  consolidation  type  engines,  with  resultant  economy. 
Its  advantages  as  shown  by  test  are  as  follows : — ■ 

Compared  with  two  consolidation  type  engines  of  equal  ca- 
pacity, and  with  the  total  weight  including  the  tenders  the  same, 
the  Mallet  has  20  to  25  percent  more  weight  available  for  adhesion, 
due  to  a  better  distribution  of  this  weight,  which  increases  its  ability 
to  start  heavy  trains.  Tests  have  shown  that,  by  the  use  of  the 
superheater,  compound  cylinders  and  brick  arches,  a  saving  in  coal 
and  water  consumption  of  from  35  to  40  percent  is  effected  for  each 

TABIvE  I— DATA  ON  MALIvET  AND  EIvECTRIC  IvOCOMOTIVES 


Characteristics 

Mallet 
2-6-6-2 

Electric 

2-8-8-2 

Total  wheel  base      I  r. 

81 

10 
550  000 

83 

11 
430  000 
430  000 
380  000 
8 

47  500 

11000 

62 
102  600 

54  500 
17.5 

70  500 

Engine  and  tender  )              '                  "    " 
Rigid  wheel  base,  ft 

Weight,  engine  and  tender,  lbs 

Weight  engine  only,  lbs 

378  650 

Weight  engine  on  drivers,  lbs 

325  850 
6 
54  300 
200 
54 

77  400 
54  500 

10.8 
54  500 

Number  pairs  of  drivers 

Weight  on  pair  of  drivers,  lbs 

Steam  or  voltage,  lbs.  or  volts 

Wheel  diameter,  inches 

Maximum  tractive  effort,  lbs 

Continuous      "             "         "    

Speed,  miles,  per  hour 

One  hour  rating,  tractive  effort,  lbs 

It  should  be  noted  that  the  electric  engine  develops  the  same  continuous 
effort  at  60  percent  higher  speed  than  the  Mallet  and  herefore  is  of  60  per- 
cent greater  continuous  horse-power. 

■I  000  ion  miles  at  practically  the  same  speed.  With  its  mechanical 
stoker  and  power  operated  reverse  gear  and  scoops,  the  Mallet 
saves  the  wages  of  one  engineer  and  fireman,  as  compared  with  the 
two  consolidation  engines. 

Capacity — The  principal  characteristics  of  a  Mallet  and  an  elec- 
tric engine  of  the  same  continuous  tractive  power,  suitable  for  use 
in  grade  work  are  given  in  Table  I.  The  largest  Mallet 
built  weighs  752  000  pounds  with  an  axle  loading  of  60  000 
pounds  on  each  pair  of  drivers,  and  a  maximum  tractive  effort 
of  115  000  pounds  at  slow  speed.  The  Mallet  chosen  above,  how- 
ever, is  the  size  in  most  common  use  and  for  which  there  is  reliable 
performance  data  available.     The  figures  given  were  taken  from  a 
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series  of  full  service  capacity  tests  in  hauling  a  3  513  ton  train  up  a 
y2  percent  grade,  a  distance  of  22  miles,  which  required  202  lbs. 
of  coal  and  i  230  lbs.  of  water,  per  i  000  ton-miles  of  load. 

Although  the  electric  locomotive  given  in  comparison  has  the 
same  continuous  tractive  power  and  60  percent  greater  horse- 
power, it  shows  a  saving  in  weiglit  of  120000  lbs.  and  has 
6  <Soo  lbs.  less  weight  per  driving  axle,  which  features  would 
result  in  considerably  less  injury  to  the  track  and  road  bed.  The 
injury  to  the  track  caused  by  heavy  Mallets  is  becoming  a  source 
of  serious  concern  to  railroad  men.  Coupled  with  these  advantages, 
the  capacity  of  the  electric  locomotive  for  hauling  loads  in  mountain 
work  is  much  greater  than  the  Mallet,  even  at  the  higher  speed 
shown.  For  example,  assume  these  locomotives  in  service  on  a 
two  percent  grade,  which  is  the  controlling  factor  of  an  electrified 
division,  the  remainder  of  which  has  a  fairly  level  profile.  On 
this    jjrade    the    Mallet    engine    alone    requires    a    tractive    effort 


M\^i<r.r\.\ 


1  1  i'K     MALLET    LOCu.M^- .  i  >  .. 


of   16500  lbs.,  leaving  an  available  draw-bar  pull   of  38000  lbs. 

or   a   tonnage  capacity   of   8S0  tons.     At   a   speed   of    10.8  miles 

per   hour,    it    would    take    67    minutes    of    continuous  running  to 

cover  the  12  miles.     The  electric  locomotive,  using  only  11  800  lbs. 

tractive  effort  to  propel  itself,  would  have  remaining  58700  lbs. 

draw-bar  pull,  or  a  tonnage  capacity  of  i  360  tons,  which  at   17.3 

miles  per  hour  requires  only  42  minutes  to  make  the  trip. 

Thus    it    is    evident    that    the  electric  locomotive  can  develop 

58700X173  ,         ,       ,  .        38000X10.8 

=  2700  draw-bar  horse-iiower  as  agamst 

.VS  ^  '  *^  375 

1095  drawbar  horse-power  of  the  Mallet,  or  an  increase  of  141 » 
percent  over  the  steam  engine  in  this  service.  In  other  words, 
two  electric  locomotives  could  handle  the  same  l<»ad  as  three 
Mallets,  with  a  saving  in  running  time  alone  of  ^/.^  percent.  This 
great  superiority  in  horse-|)ower  load  capacity  is  due,  first,  to  the 
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fact  that  the  electric  locomotive  carries  very  little  excess  weight 
above  that  necesary  for  adhesion,  while  the  extra  weight  of  the 
Mallet  represents  6.8  percent  of  its  total  trailing  tonnage;  second, 
that  the  electric  locomotive  is  able  to  concentrate  more  power  capa- 
city in  equal  space  and  weight,  permitting  the  same  tractive  ef- 
"~fort  at  a  higher  speed ;  third,  the  Mallet  is  limited  by  its  steam- 
ing power  and  has  no  overload  capacity,  while  the  electric  loco- 
motive is  only  limited  by  the  overload  capacity  of  its  motors  and, 
in  the  comparison  above,  these  can  be  worked  at  their  one-hour 
rating  which  is  an  increase  in  tractive  effort  of  29  percent  over  the 
continuous  rating  of  either  locomotive. 

Maintenance — The  following  record,  showing  the  average  of 
a  number  of  Mallet  locomotives  after  having  been  in  mountain 


TEN-CAR  PASSENGER  TRAIN  ON   A   HEAVY   GRADE. 

Four  locomotives  pulling  and  one  pushing 

service  for  two  years,  is  a  good  example  of  the  -cost  of  maintain- 
ing such  engines : — 

Total  yearly  mileage -6  74-") 

"         "        repairs,  dollars , 5  757 

"         "        supplies,  dollars 481 

"         "        roundhouse  expense,  dollars 653 

"     days  in  shop  for  repairs 89 

Average  daily  mileage 73.  4 

"  "  "       when  running 97.  0 

Repairs  per  locomotive  mile,  cents lil.  <> 

vSupplies  "  "  '•  "     1.82 

Roundhousf  per  locomotive  mile,  cents 1.'.43 

These  same  records  show  thai  (jnc-half  of  the  cost  of  repairs 
is  centered  in  the  boilers,  which  expense  is  eliminated  in  the  elec- 
tric locomotive.  A  further  saving  of  at  least  40  percent  in  the 
round  house  expense  and  supplies  is  effected  with  the  electric  lo- 
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aHiiotivc,  ;l-^  tin. re  arc  im  ash  pits,  lire  boxes  and  boilers  U)  clean 
and  the  turning  of  the  locomotives  is  unnecessary.  Thercftirc, 
assuming  the  cost  of  mechanical  repairs  the  same  in  bolii  engines, 
and  applying  the  sa\ing  in  iMundhouse  expense  noted  above,  to 
the  co:st  of  electrical  repairs  only,  the  maintenance  of  the  electric 
locomoti\e  would  average  about  55  percent  of  that  of  the  steam 
or  14.32  cents  against  25. S5  cents  per  locomutive-mile.  This  ratio 
is  verified  by  records  of  steam  roads  operating  electric  sections  in 
other  classes  of  service;  for  example,  the  cost  of  maintenance  ui 
the  electric  locomotives  i>ii  the  Pennsylvania  Railroad  is  given  as 
0.74  cents  per  locomotive-mile,  while  the  cost  of  maintenance  of 
the  steam  locomotives  on  all  divisions  is   14.72  cents. 

Speed  and  Revenue  Miles — The  great  difference  between  the 
steam  and  electric  locomotives  for  grade  work,  however,  is  in 
the  saving  of  time,  not  r)nly  as  regards  a  higher   running  speed, 


EI.FCTRir    FNT.IXK    rVI.LI.Vr,    STK.\M    F.NC.I.Ni:    .WD    FRFlr.HT    TR\IN'    AT    TrNNKL 
OF  THE   BOSTON   &   MAINE   RAlLRO.Mi 

but  aNo  in  delays  due  to  taking  water  and  coal,  and  returning  to 
the  ash  pit  periofjically.  The  Mallet,  being  a  self-contained  unit 
with  its  own  coal  and  water  supply,  can  furnish  steam  only  in 
limited  (|uantities.  Its  best  operation  is  at  a  speed  of  about  10 
miles  per  hour  and  this  cannot  be  exceeded  without  a  reduction 
in  the  drawbar  pull.  The  electric  locomotive  drawing  energy  from 
a  large  power  house  is  able  t**  furnish  the  same  drawl)ar  puli  at 
much  higher  speeds  continually,  as  it  does  not  have  to  generate  in 
itself  the  energy  for  propelling  the  train  nor  i^  it  !iccr->.Trv  to 
stop  a:  intervals  to  renew  fuel  supplies. 

Records  for  .1  grade  section  of  a  mountain  road  show  that 
out  of  a  total  schedule  time  of  6  hours,  3«^  minutes,  the  delays 
for  coal  and  water  amounted  to  5«^  minutes,  or  14.5  percent  of 
the  total  time.     On  another  road  in  the  same  class  of  work,  the 
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total  time  consumed  in  performing  a  certain  operation  or  cycle 
of  work  was  6  hours,  56  minutes,  averaged  from  many  trips.  Of 
this  time,  one  hour,  58  minutes,  or  28.4  percent  was  consumed  in 
going  to  the  ash  pit,  attention  at  the  pit  and  returning  to  the  sid- 
ing. For  these  reasons  and  its  higher  speed  the  electric  locomotive 
can  double  the  schedule,  which  means  doubling  the  track  capacity. 

MAIN    LINE 

In  all  the  cases  cited  where  the  electric  system  has  supplanted 
the  steam  locomotive,  there  has  been  some  vital  feature  of  opera- 
tion, which  has  been  improved  by  this  substitution.  This  change 
has  not  been  made  primarily  for  economic  reasons.  The  electri- 
fication of  a  steam  property  is  an  expensive  undertaking,  and  in 
very  few  cases  would  the  savings  effected  in  operating  costs  only 
justify  the  expenditure.  There  are,  however,  some  interesting 
features  on  the  mountain  divisions  of  Western  roads  which  are 
causing  the  managements  of  these  properties  to  study  the  appli- 
cation of  the  electric  locomotive  for  main  line  operation  from  the 
standpoint  of  economy  alone. 

The  quality  of  coal  obtained  is  much  inferior  and  the  cost  is 
in  excess  of  that  in  the  East.  The  problem  of  getting  good  water 
distribution  along  the  line  is  a  very  serious  and  expensive  one. 
The  severe  cold  weather  conditions  greatly  reduces  the  steaming 
power  and  economy  of  the  steam  locomotive,  when  it  requires  its 
maximum  power,  due  to  snow  and  increased  train  resistance. 

On  the  other  hand,  large  water  power  plants  are  in  operation 
or  contemplated  in  convenient  locations,  with  enormous  power 
available  to  the  railroad  companies  at  low  rates.  This  reduces  the 
initial  investment  required  by  about  one-fourth  to  one-third  be- 
low that  for  a  road  building  its  own  power  house,  and  from  an 
operating  standpoint  leaves  only  the  sub-stations,  line  and  the  loco- 
motives to  be  cared  for. 

But  aside  from  this,  when  one  looks  back  at  the  steady  advance 

and  development  of  the  electric  system  and  sees  how  it  has  met  and 
fulfilled  each  demand,  reliably  and  economically,  it  is  only  reason- 
able to  believe  that,  when  the  great  roads  of  the  East  have  their 
terminals,  tunnels  and  grades  electrified,  the  natural  step  will  be  to 
connect  these  sections  of  the  main  line  and  abandon  the  steam  loco- 
motives entirely.  And  when  this  time  arrives  there  is  no  doubt  but 
that  the  electrical  development  will  be  such  as  to  meet  these  condi- 
tions without  difficulty. 


LOS   ANGELES  CENTER  ENTRANCE  CARS 

E.  L.  STEPHENS. 
Master  Meclianic 
Los  Angeles  Railway  Company 

THE  Los  Angeles  Railway  Company  after  considerable  ex- 
perimenting during  the  past  year  has  developed  a  typical 
California-type  center  entrance  car.  This  has  been  done 
by  remodelling  cars  of  their  older  types.  In  the  reconstruction  of 
the  old  cars  several  new  features  have  been  brought  out,  some  of 
which  might  be  termed  object  lessons,  chief  among  which  is  that 
no  special  motors,  air  brakes,  trucks  or  wheels  are  required  in  mak- 
ing the  changes,  and  the  entire  equipment  remains  the  common 
standard  which  has  been  adopted  for  the  entire  system. 

Several  cars  were  rebuilt  and  tested  out  in  regular  service  and, 
after  a  few  minor  changes,  a  design  was  settled  upon  which  is  be- 
lieved to  meet  the  conditions  of  service  and  climate  most  satisfac- 
torily. The  new  cars  seem  to  have  made  a  favorable  impression  on 
all  electric  railway  men  who  have  insepectcd  them  and  also  those 
from  other  sections  of  the  country  who  have  made  any  inquiries 
and  received  information  regarding  the  details  of  design  of  the  car. 
Fifteen  of  the  rebuilt  cars  arc  now  in  regular  service,  and  arc 
meeting  with  the  a]>proval  of  both  the  traveling  public  of  I.os 
Angeles  and  the  motormen  and  condiK-tors  handling  the  cars. 

'ihe  method  used  in  remodelling  these  cars  differs  somewhat 
from  the  general  practice.  Instead  of  making  additions  to  the  ends 
of  the  car,  the  car  was  cut  in  two  and  a  "V.  A.  V.  I'.."  section  7  feel 
C)  inches  in  length  was  spliced  in  the  center.  It  was  realized  that  it 
was  impractical  to  adopt  a  stepless  car  owing  to  the  many  hills,  and 
in  order  to  maintain  the  present  standard  ec|uipment  it  was  f(~iund 
advisable  to  adopt  a  single  step  with  a  double  sloping  floor. 

First,  the  upper  deck  is  removed,  the  deck  sash  taken  out,  the 
roof  lowered  to  the  deck  sill,  and  by  applying  false  rafters  from 
the  top  plate  to  the  deck  sills,  which  are  strengthened  by  iron  car- 
lines,  the  car  roof  is  changed  to  the  monitor  type,  thus  making 
possible  the  use  of  the  old  head  lining,  which  would  otherwise  have 
been  discarded.    The  entire  floor  framing  is  removed  from  the  car, 


950 


THE  ELECTRIC  JOURNAL 


the  body  posts  arc  spliced  out  to  fit  the  slope  of  the  tluur,  and  most 
of  the  framing  is  used  over  again  in  the  new  floor,  which  is  of 
I-beam  constructions,  consisting  of  two  5-inch,  I4j?4  lbs.  I-beams 
for  the  side  sills  and  two  4-inch,  loj  j  lbs.  center  I-beams.  The 
center  beams  are  bolted  close  together  because  of  the  lloor  height, 
Z7V2  inches,  and  for  the  reason  that  the  wheels  must  curve  between 
the  side  and  center  beams  and  sufficient  space  be  allowed  for  a 
fluctuating  load,  also  to  provide  sufficient  room  for  the  standard 
truck  with  a  5-foot  3-inch  wheel  base  with  30-inch  wheels  to  curve 
on  a  42-foot  radius. 

The  side  beams  are  shaped  to  permit  a  recess  at  the  center  for 
a  lo-inch  step  which  is  flush  with  the  car  body,  and  these  beams  are 
filled  with  wood  fillers  to  which  the  floor  nailings  girts  are  morticed. 


FIG.    I — LOS  ANGELES  CENTER  ENTRANCE  CAR  AS  RECONSTRUCTED. 


The  floor  has  a  double  slope,  one  a  side  slope  from  the  side  beams  to 
the  center,  and  the  other  a  slope  from  the  entrance  to  the  bolsters. 
A  side  slope  of  i^A  inch  is  made  in  the  4-inch  I-beams  at  the  center 
of  the  car  in  order  to  allow  clearance  for  the  brake  connecting  rods 
between  the  trucks. 

The  cars  are  divided  into  two  open  and  a  closed  section. 
The  closed  sections  have  longitudinal  seats  which  slope  \%. 
inches  in  6  feet  to  relieve  the  variation  caused  by  the  sloping 
of  the  floor.  In  the  entrance  section  are  four  stanchions  extending 
from  the  floor  to  the  roof.  To  one  of  these  is  attached  a  fare  box 
and  an  adjustable  conductor's  seat.  Between  each  two  of  these 
stanchions  is  provided  a  removable  bar  which  serves  as  a  barrier 
and  which  can  be  transferred  from  one  side  to  the  other,  per- 
mitting the  conductor  to  stand  behind  the  fare  box  and  entirely 
out  of   the   way  of   the  passengers.      Swinging   doors   control   the 
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entrance  and  exit  wiih  two  doors  to  each  space  which  are  operated 
by  a  series  of  levers  under  tlie  car.  All  movable  parts  of  the  door 
are  on  ball-bearir.gs  and  the  freedom  of  movement  is  such  that  a 
hve-inch  handle  is  all  that  is  re(|uired  to  operate  the  doors  simul- 
taneously. 

The  open  sections  are  at  either  end  of  the  car.  In  each  of  the 
open  sections  are  seven  "walkover"  and  one  stationary  seat.  The 
motorman  occupies  a  space  in  the  corner  protected  by  a  pipe  barrier. 
To  the  stanchion,  which  forms  a  part  of  the  motorman's  barrier,  is 
attached  an  adjustable  seat  and  also  a  curtain  to  shield  him  from 
the  car  lighting. 


FIG.    2 — O.NK   OK    THE   OLD    TYPE    C.\RS    BEEOUE    REMODELLl.Ni;. 

The  open  and  closed  sections  are  separated  by  bulk  heads,  each 
having  a  single  door  with  side  sash.  Push  buttons  are  provided  in 
all  body  posts  and  all  signals  are  controlled  by  the  conductor. 

The  principal  dimensions  and  rlctails  of  the  new  type  cars  are 

as  follows : — 

Length    over    I)utTi'rs 40  11.  7  in. 

Widtli    fiver    all S  ft.  5  in. 

Length   each   open    section 12  ft.  J^i  in 

Length   each   close«l   section 7  ft.  3'4  in. 

Length   entrance  section 7  ft.  '•  in. 

Truck   centers    .^o  It.  (>  in. 

Truck    wheel   base 5  ft.  .<  in 

Diameter  of   wheels 30  in. 

Total   height 11    ft.  3';!  in. 

Seating    capacity    54 

Weight   oi  iiniilete.   lli^ i~  ixio 
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<  :.:'The  trucks  used  on  these  cars  are  known  as  the  Los  Angeles 
Railway  diamond  frame.  Every  part  of  these  trucks  is  held  in 
position,  by  bolts  properly  proportioned  for  strength.  This  makes 
it'.^possible  to  maintain  a  noiseless  truck.    Ball-bearing  center  plates 


FIG.    3 — INTERIOR    VIEW    OF    REMODELED    CAR 

are  used  exclusively.     Brake  adjustments  are  taken  care  of  by  a 
single  nut  on  each  truck. 

By  reconstructing  the  old  type  car  to  the  center  entrance  type 
the  seating  capacity  has  been  increased  from  44  to  54  persons,  and 
the  total  weight  of  the  car  has  been  reduced  500  pounds. 


TRAIN   OPERATION   IN   CITY   SERVICE 

F.  M.  LOUD 
Public  Service  Railway  Company,  Newarl<,  N.  J. 

THE  city  of  Newark,  New  Jersey,  presents  an  unusually  per- 
plexing problem  to  those  who  are  trying  to  supply  its  traffic 
needs.  A  single  glance  at  the  map  shows  how  the  city  has 
grown  up  around  a  group  of  radiating  thoroughfares  which  were 
originally  the  country  roads  from  the  little  town  of  Newark  to  other 
villages  around  it.  As  population  increased  the  interv-ening  spaces 
have  been  built  up,  but  the  old  highways  have  been  kept  as  the 
principal  streets  ,and  the  whole  territory  has  retained  a  focal  point 
at  the  interesction  of  Broad  and  Market  streets,  still  known  as  the 
"'Four  Corners."  As  one  result  there  are  sixteen  car  lines  which 
come  within  a  block  of  this  intersection.  During  the  busiest  hour 
in  the  evening  520  cars  pass  over  this  crossing,  and  any  one  who 
stands  and  watches  the  traffic  must  admit  that  there  are  good 
grounds  for  its  reputation  as  the  "second  businest  corner  in  the 
United  States." 

This  congestion  was  one  of  the  problems  which  set  the  officials 
of  the  Public  Service  Railway  to  thinking  about  the  possibility  of 
two-car  train  operation  in  city  service.  In  order  to  obtain  data  on 
the  feasibility  of  such  operation  a  test  was  conducted  on  the  si:; 
lines  which  are  shown  prominently  in  Fig.  i,  and  a  large  number 
of  observations  were  made  of  the  number  and  length  of  stops,  ad- 
herence to  schedule  running  time,  time  required  for  passenger 
movement  and  other  matters,  both  for  trains  and  for  single  cars. 
At  the  same  time  a  comparison  was  made  between  multiple-unit 
operation  and  trailer  operation,  several  different  combinations  of 
multiple-unit  trains  being  used,  namely  two  four-motor  cars,  two 
two-motor  cars,  and  a  four-motor  car  with  a  two-motor  car.  A 
large  amount  of  data  was  obtained,  much  of  which  was  also  of 
local  interest  and  value  aside  from  the  question  of  train  operation, 
as  showing  the  distribution  of  traffic  over  the  different  parts  of  each 
line. 

The  four-motor  cars  used  in  the  test  were  of  the  type  shown 
in  Fig.  3.  They  were  equipped  with'  commutating  pole  motors  with 
hand  operated  unit-switch  control.  The  air  brake  equipment  was  a 
straight-air  system,  with  quick  service  valves  and  emergency 
feature.     Radial  couplers  were  used,  the  air  conncctit^ns  between 
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the  two  cars  being  made  automatically  in  the  couplers.  The  two - 
motor  cars  had  somewhat  lighter  bodies,  and  were  similarly 
Equipped,  the  motors  having  the  additional  feature  of  held  control. 


•3Uv;_°r^'Ve'rr- 


FIG     I-MAP   OF   NEWARK,   N.   J.,   AND   SUBURBS 

In  comparing  the  various  type  of  ^fXT^::^:^:^^ 
made  up  of  two  fou.-n,otor  cars  gave  the  bes  ^^^^^/'^  ;.»,„„„. 
expected.     However,  tlie  si>;-nmtor  tra,„.  made  .,p  of  a 
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car  and  a  two-iiiuior  car.  was  a  i-lose  second,  '["lie  adherence  Ic 
schedule  wa^  ahiiosi  as  good  and  could  probably  be  made  quite  as 
good  with  a  slightly  different  motor  equipment  on  the  two-motor 
car.  This  combination  recommends  itself  on  account  of  the  power 
saving  as  compared  with  an  eight-motor  train,  and  on  account  of 
the  possibility  on  some  lines  of  using  the  two-motor  cars  alone 
during  the  hours  of  light  travel  and  under  good  weather  conditions. 
This  would  mean  a  further  saving  in  jxjwer  consumption,  while  the 
four-motor  cars  would  be  available  for  use  when  rail  or  traffic 
conditions  made  it  desirable. 

The  four-motor  trains  with  two  motors  on  each  car,  or  with 
four  motors  on  one  car  and  none  on  the  other,  did  not  appear  to  b" 


FIG.    2-\U.W    .\l     l;K().\')    AM)    .M.VKKKT    STKKKTS    SHOWINC.    T\V()-C.\k    Tk.M.NS 

very  satisfactory  for  Xewark  conditions.  The  trailer  combination, 
particularly,  showed  many  disadvantages.  On  account  of  its  slower 
acceleration  and  reduced  rumiing  speed,  it  lost  time  badly  on  most 
of  the  test  run>.  In  order  to  maintain  schedule  it  would  be  nece-- 
sary  to  use  motors  of  greater  capacity,  which  would  then  be  largei 
than  would  be  suitable  for  the  single-car  operation  in  the  nuddle  o{ 
the  day.  Smaller  luotors.  besides  causing  delay,  would  themselves 
be  injured  by  the   frequent  overloads. 

The  city  operating  man  finds  many  other  dilliculties  in  handling 
cars  without  motors.  He  nuist  always  run  them  behind  the  motor 
cars,  for  reasons  of  safety  and  on  account  of  the  short  curves.    This 
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necessitates  loops  or  wyes  at  the  ends  of  the  Hne  to  avoid  switching 
and  coupling  delays,  and  also  means  that  he  cannot  turn  cars  back 
in  case  of  delay  along  the  line,  except  at  points  where  he  can  turn 
them  around.  In  case  the  motor  car  becomes  crippled,  the  presence 
of  the  dead  trailer  makes  the  situation  more  difficult  to  handle,  and 
increases  the  time  lost,  and  the  possibility  of  a  "tie-up."  These 
cars  increase  the  amount  and  the  danger  of  shifting  at  the  car 
house.  They  are  of  no  use  except  for  certain  service  at  certain 
hours.  These  difficulties  largely  disappear  when  all  cars  are 
equipped  with  motors  and  multiple-unit  control.  The  greater  flexi- 
bility and  more  satisfactory  performance  of  the  latter  arrangement 
more  than  offsets  any  saving  in  investment  which  is  gained  by  the 
use  of  trailers. 


FIG.   3 — TWO-CAR   TRAINS 

Four  motors  per  car. 


One  of  the  main  points  to  be  considered  in  determining  the 
feasibility  of  train  operation  is  the  question  of  running  time;  i.  e., 
whether  the  trains  can  get  from  one  end  of  the  line  to  the  other  as 
quickly  as  the  single  cars  and  at  the  same  time  carry  their  propor- 
tionate share  of  passengers.  This  is  essential,  if  both  trains  and 
single  units  are  to  be  operated  at  the  same  time,  so  that  there  will 
be  no  interference.  Even  if  the  entire  line  is  run  in  trains,  it  is 
desirable  to  keep  the  same  running  time  as  with  single  cars,  as  ? 
slower  schedule  requires  more  cars  and  increased  platform  expenses 
and  is  not  so  satisfactory  to  the  public. 

It  was  found  during  the  test  that  the  trains  made  up  of  two 
four-motor  cars  were  able,  in  general,  to  maintain  practically  the 
same  running  time  as  the  single  cars.    The  train  made  a  little  better 
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time  through  the  congested  district  between  the  Pennsylvania 
Station  and  the  corner  of  Washington  and  Central  avenues,  while 
from  the  latter  point  on  it  made  about  the  same  average  speed  as 
the  single  car. 

There  are  four  factors  which  determine  the  relative  running 
time  of  different  equipments : — viz.,  the  number  of  stops,  the  length 
of  stop,  the  rate  of  acceleration,  and  the  running  speed.  There  is 
very  little  difference  in  the  last  two  items  between  a  single  four- 
motor  car  and  a  train  of  two  such  cars.  If  anything,  the  train  ha3 
a  slight  advantage  on  account  of  decreased  interference  from  other 
traffic,  and  because  of  diminished  train  resistance  in  proportion  to 
motor  capacity.  In  snow  or  sleet  storms  or  at  other  times  when 
rail  conditions  are  bad,  the  train  has  a  decided  advantage.  The 
first  car  removes  sleet,  snow,  etc.,  leaving  a  good  rail  for  the  secon<! 

car.  This  fact  has  been 
used  to  good  advantage 
in  several  snow  storms 
The  number  of  stops 
bears  a  definite  relation 
on  any  particular  line, 
to  the  total  number  of 
passengers  carried.  For 
a  given  number  of 
passengers  it  makes  no 
are  carried  m  one  car  or  two.  A 
train,  however,  will  normally  carry  more  people  than  a  single 
car  and  will  have  to  make  a  few  more  stops,  but  the  increase  is  not 
nearly  as  great  as  might  be  expected.  A  curve  was  worked  out  for 
the  Central  Line,  Fig.  4,  and  a  continuation  of  this  curve,  together 
with  the  original  data,  shows  only  three  more  stops  required  for  150 
passengers  than  for  100,  and  only  four  more  when  the  total  number 
carried  is  2cx).  The  explanation  of  this  is.  of  course,  that  beyond 
a  certain  point  an  increase  in  the  number  of  passengers  carried  re- 
sults in  more  of  them  getting  on  or  off  at  each  stop  rather  than  in  a 
greater  number  of  stops.  This  point  is  reached  most  quickly  on  a 
line  which  is  comparatively  short  and  which  runs  through  densely 
populated  territory.  It  would  seem,  then,  that  such  a  line  would  be 
best  suited  for  the  use  of  trains.  This  relation  suggests  also  the 
advantage  of  the  plan  of  stopping  only  at  alternate  streets,  or  in  the 
middle  of  alternate  blocks,  thus  concentrating  the  passenger  move- 
ment at  a  smaller  number  of  stopping  points. 
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The  length  of  stop  is  a  factor  which  depends  on  many  variables ; 
e.  i.,  the  habits  of  the  people,  whether  they  "step  lively"  or  are  slow 
in  getting  on  or  off,  the  number  of  small  children  or  large  bundles 
they  take  with  them,  the  design  and  location  of  the  entrances  and 
exits  of  the  car,  the  alertness  and  "team  work"  of  the  crew  in  get- 
ting started  promptly,  the  judgment  of  the  motorman  in  stopping  his 
train  at  the  right  place.  It  is  in  improving  such  matters  as  these 
that  most  can  be  accomplished  in  improving  the  performance  of 
trains.  The  passengers  can  be  educated  to  be  near  the  proper  exit 
when  approaching  their  stop,  and  to  move  promptly  when  entering 


FIG     5 VIEW    SHOWING   JUMPERS    IX    PLACE   AND   GUARD     CPIAINS 

or  leaving  the  car.  Conductors  can  be  trained  to  avoid  wasting 
time  in  handling  the  doors  and  in  passing  bell-signals.  Motornien 
can  learn  to  start  the  train  promptly,  to  operate  it  with  as  much 
confidence  as  they  would  have  in  running  a  single  car,  and  to  make 
smooth,  clean-cut  stops  in  such  a  way  that  passengers  will  not 
hesitate  in  choosing  which  car  to  board  or  will  not  have  to  walk 
half  a  car-length  to  reach  the  entrance. 

The  cars  used  in  the  test  were  of  the  prepayment  type  with 
separated  entrance  and  exit  on  the  rear  platform  and  a  wide  exit 
at  the  front  end.  In  the  second  car  of  a  train,  the  rear  platform 
only  was  used,  making  it  necessary  for  all  passengers  in  that  car  to 
leave  bv  the  narrow  exit  at  that  end.     This  caused  some  loss  of 
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time  both  on  account  of  the  greater  number  of  people  to  be  passed 
tlirough  the  exit  and  also  because  passengers  would  often  start  for 
the  front  door  and  then  have  to  go  back  through  the  car.  Under 
these  conditions  the  average  length  of  stop  was  less  for  a  train  than 
for  a  single  car,  when  the  total  number  of  passengers  was  the  same, 
but  for  equal  loads  per  car,  the  train  required  slightly  longer  stops. 
If  a  center-entrance  type  of  car  were  used,  where  the  entrances  and 
exits  are  under  the  control  of  one  man,  or  if  an  arrangement  could 

be  devised  bv  which  the 
conductor  on  the  front 
car  could  operate  the 
front  doors  of  the  .sec- 
ond  car  to  let  people  oft 
without  letting  others 
on,  this  condition  would 
probably  be  much  im- 
proved. If  but  one  plat- 
form of  the  second  cat' 
is  to  be  used,  better  re- 
sults might  be  obtained 
by  using  the  front  one. 
as  this  would  bring  the 
two  entrances  together 
and  passengers  would 
board  more  quickly,  dis- 
tributing t  h  e  m  s  e  1  ves 
more  evenly  between  the 
two  cars.  By  giving  at- 
tention to  matters  of  thi? 
sort,  the  average  stop 
VIC.  6— viicw  .>,nowi.\ci  location  ok  train,  bus    for  a  train  can  probably 

AND    SIG.N'AL   MNE    RKCKPTACl-ES  ,  i         r     n  ,        ', 

be  made  fully  as  short 
as  that  for  a  single  car  with  the  same  proportionate  load.  As  the 
number  of  stops  made  by  a  train  is  only  sliglitly  larger  than  the  num- 
ber made  by  the  single  car,  this  leads  to  the  conclusion  that  the  train 
under  proper  conditions  will  make  very  nearly  as  good  runm'ng 
time  as  the  separate  unit.  The  test  observations  made  seemed  to 
bear  out  this  conclusion. 

It  is  reasonable  to  presume  that  train  operation,  if  practicable, 
will  aid  in  relieving  congestion.  For  one  thing  it  does  away  with 
the  space  between    tw(^  car<.     This   means   an    increase  of   track 
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capacity,  only  slight  for  standing  cars,  but  very  considerable  for  a 
line  of  moving  cars,  as  with  single  units  each  motorman  must  keep 
a  safe  distance  back  from  the  car  ahead.  This  closing  together  of 
the  cars  also  affects  the  time  required  to  pass  them  across  a  busy 
street,  as  at  Broad  and  Market.  Observations  indicate  that  a  two- 
car  train  will  clear  a  crossing  in  about  80  percent  of  the  time  re- 
quired for  two  single  cars.  The  saving  of  time  at  this  particular 
corner  means  increased  capacity  at  the  rush  hour,  which  affects  all 
lines  crossing  this  point,  also  a  train  will  meet  with  less  interfer- 
ence from  vehicular  traffic  than  two  independent  units. 

Multiple-unit  operation  also  offers  the  alternative  possibilities 
of  reducing  platform  expenses,  or  of  providing  additional  service 
without  additional  platform  cost.  Suppose  a  line  has  been  operated 
with  thirty  cars,  requiring  sixty  men.  The  same  number  of  cars 
can  be  run  in  fifteen  trains  with  forty-five  men,  the  headway  being 
twice  what  it  was  with  single  cars.  Or,  with  the  same  number  of 
men,  twenty  trains  (40  cars)  could  be  run,  giving  33  percent  in- 
crease in  capacity  and  lengthening  the  headway  50  percent.  Local 
conditions  must  determine  whether  either  of  these  courses  or  an 
intermediate  one  should  be  followed.  Unless  the  headway  with 
single  cars  is  quite  short  there  is  likely  to  be  objection  from  patrons 
to  having  it  lengthened,  except  when  they  can  see  an  advantage  in 
more  seating  capacity. 

There  are  some  places  in  which  the  possibility  is  suggested  of 
running  two  cars  in  train  through  the  district  of  heavy  loading,  then 
letting  one  car  go  on  to  the  end  of  the  line  through  the  district 
where  travel  is  light  while  the  other  car  is  attached  to  the  next  in- 
bound car  and  goes  back  for  another  load.  This  seems  attractive 
and  may  be  feasible  under  certain  conditions,  if  the  processes  of 
coupling  and  uncoupling  can  be  simplified  and  systematized. 

One  type  of  service  in  which  trains  have  been  found  most 
useful  is  in  carrying  large  crowds  from  ball  games  and  races. 
These  people  all  wish  to  travel  at  about  the  same  time  and  it  is 
desirable  to  run  cars  as  closely  together  as  they  can  be  operated 
safely.  Under  such  conditions  tlie  full  economy  of  multiple-unit 
operation  can  be  realized. 


THE  AUTOMATIC  CONTROL  OF  TRAINS 

L.  V.  LEWIS 
Engineer.  Union  Switch  &  Signal  Company 

AUTOMATIC  train  control  may  be  defined  as  the  control  of 
the  air  brakes  of  a  train  by  an  automatic  device  operative 
only  in  case  the  engineman  fails  to  control  the  speed  of  the 
train  properly.  For  the  accomplishment  of  automatic  control  three 
consecutive  steps  are  required.  The  first  involves  means  for  de- 
termining the  conditions  of  safety  and  occupancy  of  the  track  ahead 
of  the  train  for  a  distance  which  is  greater  by  a  safe  margin  than 
the  braking  distance  at  maximum  speed ;  the  second,  means  for 
transmitting  a  sufficient  indication  of  the  track  conditions  from  the 
roadway  to  the  train ;  and  the  third,  means  for  automatically  de- 
termining when  and  how  the  train  brakes  shall  be  applied,  acting 
in  such  a  manner  as  to  meet  adequately  the  diverse  conditions  of 
train  operation.  The  problem  of  automatic  train  control  thus,  in 
reality,  contains  three  problems,  and  is  not  by  any  means  limited, 
as  has  so  often  been  wrongly  assumed,  to  the  single  problem  of 
obtaining  a  means  for  transmitting  with  safety  and  surety  a  stop 
indication  from  the  roadway  to  the  moving  train. 

THE    PROBLEM 

The  problem  of  determining  and  indicating  the  track  conditions 
is  the  only  one  of  the  three  which  may  be  said  to  have  reached  a 
point  where  opportunity  for  further  radical  development  is  lacking. 
The  art  of  railway  signaling  to-day  has  reached  a  high  state  of  de- 
velopment and  is  rapidly  approaching  standardization.  Long  expe- 
rience has  shown  that  fixed  signals  properly  installed  are  adequate 
to  protect  fully  a  great  variety  of  train  movements,  providing  the 
signal  indications  are  observed  and  correctly  acted  upon  by  the  en- 
ginemen.  This  limitation  to  satisfactory  efficiency  in  signals  there- 
fore defines  the  object  of  automatic  train  control,  to  prevent  the  dis- 
astrous results  which  may  be  incurred  by  failure  to  obser\-e  signal 
indications.  It  as  well  determines  the  field  for  automatic  control 
as  an  adjunct  to  existing  signaling  systems.  Since  a  device  which 
can  successfully  apply  the  train  brakes  from  the  roadway  might  be 
employed  instead  to  control  a  signal  within  the  engine  cab,  the  sub- 
ject of  cab  signaling  is  usually  considered  together  with  that  of  au- 
tomatic control,  and  cab  signals  are  a  feature  of  a  great  many 
schemes  which  have  been  patented  from  time  to  time.  It,  however, 
appears  to  be  quite  impracticable  to  give  as  complete  information 
for  governing  train  movements  by  the  two  or  three  possible  indica- 
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tions  within  the  cab  as  In-  the  variety  of  indications  which  are  pos- 
sible with  roadside  signals.  If  the  cab  signal  were  used  alone,  its 
failure  would  be  equal,  in  its  effect  upon  the  control  of  the  particular 
engine  carrying  the  defective  signal,  to  the  failure  of  a  fixed  signal 
system  for  the  entire  run;  if  a  visual  signal  were  used,  its  use  would 
detract  from  the  necessary  attention  to  outside  objects.  Without  a 
sacrifice  in  efficiency,  the  cab  signal,  therefore,  cannot  replace,  nor 
be  more  than  an  adjunct  to,  a  fixed  signaling  system. 

HISTORICAL 

The  history  of  the  automatic  train  stop  as  far  as  it  relates  to 
devices  which  have  been  brought  into  commercial  use  is  brief.  The 
first  practicable  device  of  which  the  writer  is  aware  was  patented 
by  A.  S.  Vogt,  an  officer  of  the  Pennsylvania  Railroad,  in  1880. 
This  device  consisted  of  a  tell-tale  arm  mounted  upon  the  signal 
mast  and  operated  by  the  signal,  and  so  arranged  that,  if  the  signal 
in  the  stop  position  were  overrun,  the  arm  would  be  in  line  to  strike 
and  fracture  a  glass  tube  projecting  from  the  roof  of  the  locomotive 
cab  and  in  communication  with  the  brake  pipe  of  the  train.  The 
replacement  of  the  glass  tube  necessarily  consumed  a  time  interval 
sufficient  to  bring  the  train  to  a  stop  from  the  maximum  speed,  and 
its  loss  provided  the  record  of  the  event,  desirable  for  purposes  of 
discipline.  Mr.  Vogt's  patent  was  bought  by  The  Union  Switch  and 
Signal  Company  and  a  device  for  using  it  was  advertised  in  the 
company's  "Handbook"  of  1889.  A  modification  of  this  idea  was 
installed  by  The  Union  Switch  &  Signal  Company  in  1901  upon  the 
Boston  Elevated  Railway.  In  this  installation  the  trip  arm  was 
mounted  in  the  roadway,  close  to  and  outside  the  gauge  line,  and 
the  glass  tube  was  replaced  by  a  valve.  The  same  system,  with 
minor  improvements,  was  later  installed  in  the  New  York  Subway, 
the  Market  Street  Elevated  in  Philadelphia,  the  London  "Tube"  and 
more  recently,  an  improved  system  of  the  same  type,  in  the  Hudson 
&  Manhattan  and  Pennsylvania  Tunnel  systems  in  New  York  and 
vicinity.  Overhead  stop  systems  of  the  same  general  character  have 
also  been  installed  upon  two  electric  roads  upon  the  Pacific  Coast. 

At  the  present  time  interest  in  the  broad  questions  of  automatic 
train  control  is  exceedingly  active,  and  several  of  the  railroads  are 
affording  facilities  for  tests  or  have  under  consideration  experi- 
mental devices  of  various  types.  The  interest  in  this  subject  is 
evidenced  by  the  eighteen  hundred  schemes  which  were  submitted 
in  response  to  a  recent  prize  offer  by  the  New  Haven  Railroad. 
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There  liave  been  numerous  reasons  advanced  as  to  why  simple 
train  stops,  operating  so  very  successfully  under  special  conditions, 
are  not  directly  available  tor  universal  introduction  into  steam  rail- 
road service.  Some  of  these  reasons  may  be  evident  from  the  fol- 
lowing discussion,  in  which  it  will  be  attempted  to  make  clear  the 
relation  which  tiie  automatic  stop'bears  to  automatic  block  signaling. 

SPEED  SIGNALING 

The  Railway  Signal  Association  and  American  Railway  En- 
gineering Association  have  recently  agreed  upon  a  standard  signal- 
ing system  which  is  being  quite  generally  adopted  by  the  railroads 
for  new  work,  which  is  founded  upon  the  basis  of  speed,  and  is 
known  as  "speed  signaling."  The  only  control  w^hich  an  engineman 
has  over  a  train  is  over  its  speed ;  it  is  therefore  considered  logical 
that  signal  indications  should  instruct  him  explicitly  as  to  the  speed 
at  which  it  is  permissible  for  him  to  run  in  preference,  for  example, 
to  the  prevous  practice  of  providing  signals  for  indicating  diverging 
routes  which  recjuired  interpretation  into  terms  of  permissive  speed 
by  the  engineman  before  they  could  be  acted  upon.  The  principal 
signal  indications  are  defined  as  follows: — 

1 — Proceed. 

2 — Proceed  with  caution. 

3 — Proceed  at  medium  .speed. 

4 — Proceed  at  low  speed. 

5 — Stop. 

The  speed  under  the  first  indication  is  usually  limited  by  rule 
to  some  predetermined  maximum  value ;  the  second  indication  means 
proceed,  prepared  to  stop  at  the  next  signal ;  the  third  is  used  at  a 
cross-over,  or  at  the  entrance  to  a  diverging  route ;  the  fourth  is  used 
at  the  entrance  to  a  siding  or  to  an  occupied  block.  The  fifth  indi- 
cation, when  used  at  an  interlocking  plant,  means  that  the  signal 
is  not  to  be  passed  until  permission  has  been  received ;  at  an  auto- 
matic signal  it  means  that  the  signal  may  be  passed  with  caution 
after  a  full  stop  has  been  made,  with  the  expectation  of  finding  the 
block  occupied,  an  open  switch,  broken  rail,  etc.  It  is  to  be  noted 
that,  of  these  five  indications,  four  contain  instructions  which  pro- 
vide for  continued  movement  of  the  train,  and  the  fifth  provides 
for  proceeiling  either  at  once  or  as  soon  as  permission  is  rcceivc<l. 

The  function  of  the  automatic  stop  is  obviously  to  stop  trains. 
The  general  public  impression  is  that  this  is  also  the  puri)ose  of  a 
block  signaling  .system  but,  as  a  matter  of  fact,  this  is  not  the  case; 
the  i)urpo.se  of  block  signals  is  to  enable  trains  to  run  ;  or,  more  spc- 
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cifically,  to  enable  trains  to  run  safely  at  speeds  higher  than  would 
be  possible  without  their  use. 

THE  AUTOMATIC  STOP 

For  the  purpose  of  determining  the  effect  of  the  introduction  of 
the  automatic  stop,  consider  a  "home"  signal  having  the  two  indi- 
cations "stop"  and  "proceed"  (one  of  which  is  the  same  as  that  of 
the  automatic  stop)  and  a  hypothetical  block  signaling  system  for  a 
double  track  road,  in  which  this  type  of  signal  only  is  used  at  the 
entrance  to  each  block.  Evidently  the  maximum  speed  permissible 
with  such  a  system  would  be  the  speed  at  which  a  train  could  be 
brought  to  a  stop  within  the  distance  between  the  point  at  which 
a  signal  first  becomes  visible  and  the  signal.  If  a  second  train  were 
just  beyond  the  signal,  it  would  likely  be  visible  as  soon  or  sooner 
than  the  stop  signal  and  would  serve  as  an  equally  good  stop  indi- 
cation. Such  a  signal  system  would  obviously  be  valueless  for  high 
speed  running  and  in  fact  would  never  be  installed  unless  for  the 
purpose  of  meeting  some  special  condition,  such  for  example,  as 
to  secure  a  definite  spacing  between  trains,  which  operate  only  at 
low  speed.  It  is  also  obvious  that  no  complete  protection  could  be 
secured  by  installing  automatic  stops  in  connection  with  such  a  sig- 
nal system.  The  feature  lacking  in  this  assumed  signaling  system, 
whose  absence  destroys  the  value  of  the  system,  is  the  distant  signal, 
whose  two  indications  are  "proceed  with  caution"  and  "proceed." 
For  high  speed  running  a  distant  signal  should  be  installed  at  least 
at  maximum  braking  distance  in  the  rear  of  each  home  signal,  and 
generally  would  be  installed  a  full  block  in  the  rear,  at  the  same 
location  as  the  preceding  home  signal.  It  is  the  distant  signal  which 
renders  high-speed  running  safe,  by  giving  the  engineman  advance 
information  in  time  for  him  to  apply  brakes  to  reduce  his  speed  so 
that  a  stop  may  be  made  before  passing  the  home  signal.  The  action 
taken  by  the  engineman,  it  should  be  observed,  is  a  variable  which 
depends  upon  the  speed  of  his  train. 

The  automatic  stop  must  evidently  be  located  at  the  point  at 
which  the  brakes  are  to  be  applied  and  not  at  the  point  at  which  the 
stop  is  to  be  made ;  that  is,  the  stop  should  be  located  at  the  point 
which,  in  the  usual  home  and  distant  signaling  system,  is  occupied 
by  the  distant  signal ;  this  signal  therefore  becomes  a  home  signal, 
so  that  it  may  give  the  same  indication  as  the  automatic  stop,  and 
the  distant  signal  must  be  moved  a  block  further  back,  or  two  blocks 
in  the  rear  of  the  entrance  of  the  block  and  the  controlling  circuits 
overlapped  one  block.    This  system  is  the  one  which  so  far  has  been 
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generally  installed  where  automatic  stops  have  been  used,  and  is 
known  as  the  "overlap  block  system."  It  gives  at  all  times  one  full 
clear  block  in  the  rear  of  the  train. 

The  introduction  of  the  simple  automatic  stop  into  existing  sig- 
naling systems  usually  means  a  complete  rearrangement  of  signals 
and  also  a  reduction  in  track  capacity.  It  is  apparent  that  any  lack 
of  harmony  between  automatic  stop  systems  and  signaling  systems 
must  be  overcome  in  order  to  make  the  automatic  stop  available  for 
general  introduction,  and  that  this  harmony  should  be  attained,  not 
by  changing  all  existing  signals  to  suit  the  stop,  but  by  so  controlling 
the  stop  system  that  it  will  fit  in  with  accepted  signaling  practice. 

Speed  Control — The  way  has  been  made  clear  for  the  solu- 
tion of  this  phase  of  the  problem  of  automatic  tram  control  by  the 
development  of  the  idea  of  speed  signaling.  The  developm.ent  of 
this  idea  has  shown  that  the  purpose  of  every  signal  indication  is  to 
define  the  speed — either  directly  or  otherwise;  the  obedience  of  tht 
engineman — or  the  lack  of  it — is  in  consequence  made  manifest  by 
the  speed  of  the  train.  The  automatic  stop  should  therefore  oe 
governed  by  a  speed  control  device,  operating  in  connection  wi*h 
the  block  signals,  which  becomes  effective  whenever  the  permisstvj 
speed  defined  by  the  signal  indication  is  exceeded.  The  require- 
ments to  be  met  by  such  a  device  are  not  by  any  means  simple. 
Three  conditions  are  the  provision  of  maximum,  medium  and  low 
speed  limits  controlled  by  corresponding  signal  indications.  A  fourth 
is  provision  of  a  control  varying  from  a  maximum  to  zero  speed 
between  a  distant  signal  at  caution  and  the  next  home  signal  at  stop, 
which  will  become  immediately  ineft'ective  if  the  home  signal  goes 
to  the  proceed  position.  The  device  should  contain  elements  which 
are  a  part  of  the  roadside  equipment,  in  order  to  meet  the  varying 
requirements  of  control  from  point  to  point  along  the  roadway.  It 
is  equally  desirable  that  it  contain  elements  which  are  a  part  of  the 
engine  equipment,  if  more  than  one  class  of  traffic  is  to  be  provided 
for,  since  it  is  obvious  that  the  same  speed  values  are  not  applicable 
to  both  freight  and  fast  passenger  service.  Maintenance  and  cost 
of  installation  dictate  that  the  device  be  located  upon  the  rolling 
stock  in  preference  to  the  roadway.  In  the  case  of  one  of  the  roads 
which  is  completely  block  signaled  the  ratio  between  the  number 
of  signals  and  the  number  of  locomotives  is  eight  to  one. 

The  problem  of  automatic  train  control  is  thus  seen  to  be 
chiefly  a  problem  of  speed  control.  The  development  of  speed 
limiting  devices  for  the  control  of  trains  may  follow  one  of  two 
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lines.  The  first,  and  the  most  obvious,  is  by  direct  speed  measure- 
ment, as  by  means  of  a  centrifuge  or  by  measurement  of  induced 
electromotive  force ;  the  second  is  by  averaging  the  speed  over  a 
given  distance,  by  measurement  of  the  time  required  to  traverse 
a  spaced  interval  upon  the  roadway.. 

The  engineering  difficulties  in  the  way  of  complete  train  con- 
trol by  speedometer  methods  are  serious  and  have  not  yet  been 
wholly  overcome.  For  the  second  method,  a  partial  illustration  is 
afforded  in  the  automatic  stop  installations  on  the  New  York  Sub- 
way and  on  the  Hudson  &  Manhattan  Railroad  which,  on  account 
of  their  interesting  character,  may  be  worth  a  detailed  description. 
These  roads  are  unique  in  having  particularly  uniform  track  con- 
ditions and  character  of  traffic,  except  for  a  few  points  of  con- 
gestion as  exemplified  by  the  express  stations  in  the  subway.  The 
application  of  speed  control  to  these  particular  points  has  increased 
their  train  capacity  to  a  point  almost  equal  to  the  remainder  of 
the  lines  operating  under  the  overlap  block  system ;  the  latter, 
therefore,  ceases  to  be  a  detriment  but  on  the  other  hand  becomes 
a  positive  advantage  on  account  of  the  enforced  train  spacing 
thereby  secured.  The  speed  control  equipment  used  in  these  in- 
stallations is  contained  in  a  number  of  intermediate  signals  located 
at  short  intervals  between  the  distant  and  home  signals  approach- 
ing the  express  stations,  each  signal  being,  of  course,  provided 
with  an  automatic  stop  equipment.  Ordinarily,  the  entire  group 
of  signals  is  in  the  "proceed"  position.  If  a  train  is  at  the  sta- 
tion platform,  the  group  of  signals,  which  extends  the  usual  over- 
lap block  distance  in  the  rear  of  the  entrance  to  the  block,  are  at 
"stop",  a  following  train  passing  the  distant  signal  will  set  a 
clockwork  mechanism  attached  to  the  signal  into  operation,  which 
after  a  predetermined  time  will  close  a  circuit  to  clear  the  first 
stop  and  signal  ahead  of  the  train.  If  the  speed  of  the  train  is 
slightly  reduced,  it  will  pass  this  first  stop  without  interferance. 
As  it  passes  the  first  stop  and  signal,  it  will  set  a  clockwork  into 
operation  which  controls  the  second  signal ;  and  so  on.  the  allow- 
able speed  through  each  short  section  being  so  proportioned  that 
the  speed  of  the  train  must  be  gradually  reduced  to  a  very  low 
value  as  it  approaches  the  home  signal.  The  final  result  is  that 
an  enforced  control  by  automatic  stops  is  obtained,  which  is  ex- 
actly similar  to  that  obtained  with  a  careful  motorman  rumnng 
under  the  usual  home  and  distant  block  system  and  the  delay  in- 
herent to  the  overlap  block  system  is  obviated, 


AUTOMATiC  CONTkol.  oh    rR.liSS  c/»7 

i'liissification  .\ut<»iiialic  stop  and  cab  signaling  s)steins  may 
be  classitied  accordini^  to  the  character  of  control  employed  as,  in- 
termittent or  continnons  control.  They  may  in  addition  be  classi- 
lied  according  to  the  medium  for  etTecting  the  contnd  as,  mechan- 
ical trip,  electric  contact,  track  circuit  or  inductive  devices.  The 
term  "electric  contact"  refers  to  contact  rails  or  similar  devices; 
"track  circuit"  refers  to  systems  which  provide  a  circuit  from  the 
rails  to  the  engine  by  insulating  portions  of  the  train  e(juipment. 

Intermittent  and  Continuous  Control — Intermittent  control 
may  correspond  to  the  sort  of  control  that  is  given  by  the  present 
fixed  signaling  systems ;  continur)Us  control  is  frequently  assumed 
to  be  preferable  on  the  ground  that  the  weak  link  in  automatic 
block  signaling  is  in  the  use  of  a  fixed  distant  signal.  For  ideal 
results,  the  distant  signal  should  remain  in  full  view  of  enginemen 
after  il  has  been  passed  and  until  a  distinct  view  is  had  of  the 
next  home  signal  which  it  repeats  or.  in  other  words,  the  distant 
signal  indication  should  be  duplicated  within  the  cab.  The  usual 
scheme  for  continuous  control  is  to  provide  a  continuous  con- 
ductor, for  energizing  the  cab  ajjparatus,  which  extends  through- 
out the  length  of  the  block  in  the  rear  of  the  home  signal  and 
whose  energization  repeats  the  indication  of  the  home  signal.  The 
supposed  advantages  of  such  an  arrangement  are  two: — 

First. ability  to  give  an  earlier  stop  indication  upon  the  with- 
drawal of  the  home  signal  indication  after  the  distant  has  been 
j)assed  at  proceed. 

.*^econd.  avoidance  of  dela\  in  the  block  when  the  distant  sig- 
nal has  been  i)assc-(l  at  caution  and  the  home  signal  cleared  im- 
mediately thereafter.  The  first  advantage  is  of  but  slight  value, 
as  it  fails  to  ])rovide  any  definite  overlap  distance  for  stopping 
high  speed  trains.  .\  simple  means  for  preventing  the  withdrawal 
of  the  home  signal  after  the  distant  has  been  passed  is  at  present 
available  in  the  well  known  "approach  locking."  The  second  ad- 
vantage al)ove  mentioned  is  lost  because  of  the  fact  that  it  is  not 
safe  under  all  circumstances  to  permit  an  cngineman  to  be  gov- 
erned by  the  indication  of  the  next  signal  in  advance.  An  ex- 
ample is  when  a  train  has  entered  an  (Kcupied  block  un<icr  caution, 
according  to  rules,  after  having  been  stopped  by  an  automatic  sig- 
nal at  "stop."  .\s  soon  as  the  train  enters  the  block,  the  cab  sig- 
nal, if  one  is  used,  will  indicate  "proceed"  jirovided  this  is  the  in- 
dication of  the  next  fixed  signal  ahead,  and  would  evi<lently  give 
a   false-  indication,  conflicting    with    that    "f    the    fixed    signal    at 
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"stop"  which  the  train  has  just  passed,  whose  indication  as  already 
explained  should  govern  the  movement  of  the  train  through  the 
block.     An  automatic  stop  if  controlled  in  the  same  way  would 
evidently  fail  to  prevent  the  train  from  running  into  a  train  ahead, 
in  the  same  block.     Caution  is  demanded  through  the  block  even 
if  the  home  signal  ahead  is  clear,  and  whether  it  is  visible  or  not. 
The  unsafe  feature  in  this  situation  has  been  avoided  in  one 
scheme  by  the  use  of  a  short  intermittent  conductor  at  the  end 
of  each  block  in  addition  to  the  main  conductor.     The  circuits  are 
arranged  so  that  if  the  relay  on  the  train  is  de-energized  in  any 
block,  it  cannot  again  receive  energy  until  the  train  has  moved 
clear  to  the  end  of  the  block  in  advance,  and  has  reached  a  fixed 
signal  at  proceed.     This  remedy  brings  the  scheme  into  the  inter- 
mittent control  class,  with  regard  to  the  results  obtained.     The  ad- 
vantage of  so-called  "continuous  control"  is  thus  largely  a  fallacy. 
The  problem  of  bridging  the  gap  between  the  roadway  and 
the  moving  train,  so  often  assumed  to  be  the  entire  problem  of 
train  control,  has    naturally    received    a    tremendous    amount    of 
study,  and  the  end  is  not  yet  reached  by  any  means.     No  scheme 
absolutely  free  from  objection  has  yet  been  discovered  nor  is  one 
likely  to  be.     Electric  contact  cab  signaling  systems  are  in  use  to 
a  limited  extent  in  Europe,  but  experience  with  the  collection  of 
current    at    low    voltage    by    a    moving   vehicle    under    American 
weather  conditions  is  almost  entirely  lacking.     Track  circuit  and 
inductive    schemes,    while    attractive  as  presumably  avoiding  the 
problems  of  inertia,  clearance,  weather,  and  alignment,  with  which 
mechanical  or  electric  contact  devices  are  particularly  concerned, 
have  so  far  not  attained  a  degree  of  development  which  would 
warrant  their  introduction  into  the  equipment  of  modern  railroads. 
A  great  deal  of  energy  has  been  misdirected  in  efforts  to  bring 
schemes,  inherently  unsafe,  into  conformance  with  the  necessary 
requirement  that  "a  failure  of  any  essential  part  should  cause  an 
application  of  the  train  brakes"  by  loading  them  with  protective 
devices  or  circuits  of  one  sort  or  another,  often  overlooking  the 
fact  that  the  protective  devices  themselves  may  fail.     It  should 
be  obvious  that  protective  circuits  which  do  not  detect  their  own 
failures  are  unsafe  and  in  consequence  valueless.     Granted,  in  a 
complicated  electrical  scheme,  that  every  possible  failure  will  pro- 
cure an  application  of  the  brakes,  will   these    failures   occur    fre- 
quently enough  to  be  a  prominent  cause  of  train  delays,  or  what 
sort  of  protection  will  the  device  give  after  the  accidental  brake 
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application  has  been  incurred?  (Questions  of  this  sort,  together 
with  dititiculties  of  maintenance,  render  the  success  of  any  induc- 
tive scheme  open  to  doubt,  and  the  general  opinion  seems  to  be 
that  mechanical  devices  are  to  be  preferred  on  the  grounds  of 
superior  reliability,  safety,  and  simplicity.  The  mechanical  prob- 
lems of  clearance  and  alignment  are  simple  in  comparison  with 
those  encountered  in  electrical  schemes,  as  they  are  of  a  nature 
readily  understood  and  hence  capable  of  solution  by  the  forces 
regularly  engaged  in  the  maintenance  of  track  and  equipment. 

Methods  of  Applying  Brakes — The  automatic  stop  systems  in 
commercial  use  have  generally  been  arranged  to  give  a  full  emer- 
gency application  of  the  brakes.  An  emergency  application  can 
be  made  in  a  very  simple  way — by  venting  the  brake  pipe  to  at- 
mosphere through  an  orifice  large  enough  to  throw  the  triple  valves 
to  emergency  position  in  spite  of  the  efforts  of  the  compressor. 
An  emergency  application  may  be  a  source  of  discomfort  if  made 
on  a  passenger  train  at  low  speeds  and  becomes  a  positive  source 
of  danger  if  made  on  a  long  freight  train,  in  fact,  the  effect  is 
exactly  similar  to  that  produced  by  the  bursting  of  a  brake  hose, 
which  has  in  certain  instances  been  the  cause  of  serious  accidents. 
Any  system  of  train  control  to  be  suitable  for  use  in  all  classes 
of  service  must  provide  for  service  as  well  as  emergency  brake 
applications.  A  service  application  is  made  by  exhausting  the 
brake  pipe  at  a  rate  less  than  that  required  to  produce  an  emer- 
gency. This  suggests  the  use  of  the  same  simple  valve,  but  with 
a  proportionally  smaller  orifice,  but  unfortunately  this  simple 
method  will  not  answer,  for  if  the  orifice  is  adjusted,  as  is  usual, 
with  the  engineer's  valve  in  the  running  position,  the  application 
may  be  partially  or  entirely  prevented  by  throwing  the  engineer's 
valve  to  the  release  position.  The  automatic  stop  should  cut  off 
the  engineer's  valve  when  making  an  automatic  application,  but 
only  to  prevent  a  manual  release,  and  not  a  manual  application  at 
the  same  time,  if  it  should  be  required.  It  is  also  of  importance  to 
limit  the  brake  pipe  reduction  to  the  equalization  pressure,  unneces- 
sary loss  of  air  meaning  both  delay  and  loss  of  braking  power. 

The  subject  of  automatic  train  control  is  one  of  interest  to 
practically  all  departments  of  railroading.  The  maintenance  of 
way,  signaling  and  motive  power  departments  are  directly  con- 
cerned with  its  operation  and  maintenance.  It  is  of  interest  to 
the  operating  department  in  its  effects  upon  train  movements,  and 
to  the  executive  department  as  a  question  of  railroad  policy. 


PNEUMATICALLY-OPERATED   DRUM 
CONTROLLERS 

A.  J.  HALL  and  L.  G.  RILEY 

IN  1897  pioneer  steps  were  taken  in  the  development  of  multiple - 
unit  control  for  electric  trains.  Up  to  that  time  the  hand- 
operated  drum  type  of  controller  had.  been  used  for  ail  classes 
of  equipment,  and  it  was  natural  that  the  first  multiple  control  ap- 
paratus should  take  the  form  of  a  remotely  controlled  drum  type 
controller.  Multiple-unit  equipments  of  this  type  were  first  placed 
in  operation  on  the  Kings  County  Elevated  Railways  of  Brooklyn, 
replacing  steam  service. 

NOTCHING  HEAD 

One  of  these  forms  of  equipment  consisted  of  a  drum  con- 
troller, pneumatically  operated  and  remotely  controlled  through  a 
master  controller.  The  operating  mechanism  included  two  separate 
cylinders  with  pistons  producing  a  reciprocating  action,  for  gov- 
erning the  "on"  and  "off"  movement  of  the  main  or  accelerating 
drum,  and  a  third  cylinder  for  operating  the  reversing  drum. 
Valve  magnets  controlled  the  admission  and  release  of  air  from  the 
cylinders  and  energy  for  the  control  circuits  was  supplied  from  a 
storage  battery.  In  order  to  get  step-by-step  progression  of  the 
main  drum,  the  operating  cylinder  was  arranged  to  drive  the  drum 
through  a  dog  on  the  piston  and  a  ratchet  on  the  drum,  one  full 
stroke  of  the  cylinder  being  required  for  each  notch.  In  prepara- 
tion for  the  next  notch  the  piston  was  returned  by  spring  pressure 
to  its  initial  position,  where  the  dog  engaged  the  succeeding  notch 
in  the  ratchet  plate.  A  form  of  magnet  valve,  in  which  air  was  ad- 
mitted to  the  cylinder  when  the  magnet  was  deenergized,  was  con- 
nected to  the  release  cylinder  and  served  to  return  the  drum  to  the 
"off"  position  whenever  the  control  circuits  were  opened.  A  seriea 
relay  adjusted  for  a  predetermined  current,  limited  the  rate  of  ac- 
celeration and  prevented  careless  operation  of  the  trains.  A  large 
number  of  controllers  of  this  type  are  in  successful  operation  today. 

THE   PILOT   MOTOR 

Another  form  of  equipment  consisted  of  a  controller  drum 
operated  by  a  pilot  motor  geared  to  the  controller  shaft  and  con- 
trolled by  a  master  controller  operated  from  the  line.  The  features 
of  this  equipment  were  the  brake  on  the  pilot  motor  for  stopping 
the  drum  on  successive  steps,  and  the  means  for  reversing  the 
motor   and    returning  the   drum   to   the   "oft""   position.      A    series 
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motor  having  two  separate  tield  windings  was  manipulated  by  the 
master  controller  circuits  to  drive  the  controller  drum  forward 
while  the  master  controller  was  in  an  operating  position,  by  passing 
current  through  the  "on"  winding.  With  the  master  controller  in 
the  "off"  position,  circuits  were  established  which  energized  the 
other  field  of  the  pilot  motor,  this  field  being  connected  to  reverse 
the  direction  of  the  motor,  and  the  controller  was  thus  returned  to 
the  "off"  position.  A  spring  brake  on  the  ])ilot  motor  shaft  was 
released  by  a  limit  switch  in  its  down  position,  thus  allowing  the 

drum  to  progress  automatically  notch 
l)y  notch.  Modified  forms  of  thi? 
equipment  are  now  in  service  on  a 
large  elevated  system. 

DEVELor.MEXT    OF    THE     UXIT    SWITCH 

While  the  detail  construction  of 
nuiltiple  control  apparatus  has  ad- 
vanced with  the  changing  conditions 
and  requirements,  the  fundamental 
principles  of  the  modern  elevated  or 
subway  equipment  can  be  traced  di- 
rectly to  the  results  of  tests  on  the 
original  power-operated  drum  contn.-l 
eciuipments. 

The  mechanical  difficulties  encoun 
tered  in  the  drum  controller  operating 
mechanism  of  both  types,  togethei 
with  the  inherent  limitations  of  a  drum 
controller  for  opening  heavy  arcs  and 
for  sustaining  overloads,  retarded 
])rogress  along  the  lines  originally 
l)lamied  and  led  to  the  development  of 
a  variety  of  remotely  contr»^)lled  power-operated  switches,  called 
plunkers.  contactors  and  pneumatic  switches.  The  aim  of  thc^e 
designs  was  to  concentrate  heavy  pressure,  jxisitive  action  atid 
efYective  magnetic  blow(jut,  on  separate  pairs  of  contacts,  which 
could  be  inserted  in  the  motor  circuits  at  tlie  proper  points  and 
closed  in  llu-  proper  >^e(|uence  lo  priwhu-i-  thr  ihsirti]  •^i)ee(l  coiv 
binations. 

This  devel(»pment  has  lead  through  various  forms  of  remotely 
controlled  unit  switches  and  contactors  down  to  the  standard  multi- 
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pie-unit  control  apparatus  of  today.    The  first  electro-pneumatically 
operated  switch  was  in  the  form  of  the  Turret  Switch  group,  where 


FIG.   2 — DRUM    CONTROLLER  OPERATED   BY   A   PILOT    MOTOR 

thirteen  air  cylinders  were  cast  "en  bloc"  with  air  passages  cored  in 
the  circular  frame  castings.  Then  followed  the  rectangular  unit 
switch  group,  which  has  undergone  a  series  of  modifications  until 
the  modern  unit  switch  is  standardized  for  a  wide  range  of  capaci- 
ties in  car  and  locomotive  equipments. 

The  advent  of  the  hand-operated  unit-switch  control  operated 
by  line  power  extended  the  application  of  power-operated  control 


FIG.    3 — TURRET    TYPE    OF    UNIT-SWITCH    GROUP 

apparatus,  with  its  well-known  advantages,  to  city  and  interurban 
service   for  both   single   car   and   train  operation.     However,   the 
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active  campaign  for  extremely  light  weight  cars  with  maximum 
seating  capacity  necessitated  the  development  of  a  more  compact 
form  of  control  equipment  than  could  be  secured  with  unit  switches 
alone.  Such  an  equipment  is  now  available  in  the  "P  K"  type  of 
control,  so  called  from  the  fact  that  it  is  a  pneumatically  operated 
"K"  or  drum  type  controller. 


TIIK  "P  k"  type  controller 


While  the  apparatus  here  described  applies  particularly  to 
equipments  in  use  on  the  stepless  cars  of  the  New  York  Railways, 
there  is  a  wide  range  for  the  application  of  the  principles  involved. 


KIC.   4 — P    K    COM  MUTATING    SWITCH    AXU 
MASTER    CONTROIXER 

The  drum  controller  is  at  present  the  most  compact  as  well  as  the 
most  flexible  tiieans  of  producing  a  variety  of  combinations  of 
electrical  circuits,  and  with  the  means  at  hand  for  simple  and  abso- 
lute remote  control  of  the  drum  movement,  together  with  absolute 
protection  against  arcing,  a  long  sought  ideal  has  been  realized. 
The  difhculties  encountered  in  the  original  power-operated  drums 
have  been  entirely  eliminated. 

Mechanical  Arrangement — As  indicated  by  Fig.  5,  the  "P  K" 
controller  is  a  drum  type  controller  with  an  operating  head  attached. 
The  mechanism  for  operating  both  the  main  ami  reverse  drums,  is 
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mounted  on  a  base  casting  which  takes  the  place  of  the  controller 
toj^.  It  consists  of  two  pairs  of  cylinders,  one  for  operating  the 
main  drum  and  the  other  for  operating  the  reverse  drum.  A  cross- 
section  of  the  operating  mechanism  for  controlling  the  movement 
of  the  main  drum  is  shown  in  Fig.  7.  A  small  pinion,  Fig.  8,  on  tlie 
main  drum  shaft  meshes  with  a  rack  cut  in  a  piston  rod,  connecting 
two  pistons  which  slide  in  two  corresponding  cylinders.  These  pis- 
tons are  controlled  by  two  different  types  of  valve  magnets,  one 
called  the  "on"  valve  magnet,  and  the  other  the  "off"  valve  magnet. 


FIGS.    5    AND    6 — P    K    COM  MUTATING     SWITCH    AND     MASTKK    CONTUOLLEK, 

WITH    COVKRS    REMOVED 

The  valve  parts  are  so  arranged  that  the  "on"  valve  magnet,  when 
energized,  admits  compressed  air  to  the  "on"  cylinder,  and  the  "off' 
valve  magnet,  when  energized,  releases  air  from  the  "oft"  cylinder. 
The  forward  movement  of  the  drum  is  obtained  by  energizing 
both  magnets  at  the  same  instant,  which  will  admit  air  into  the  "on" 
cylinder,  and  release  air  from  the  "off"  cylinder,  causing  the  main 
drum  to  move  in  a  clockwise  direction.  The  return  movement  is 
obtained  by  deenergizng  both  magnets,  which  will  admit  air  into  tiie 
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"oil"  cyliiulcr  and  release  llie  air  tnnu  the  ■'on''  cylinder.  To  slop 
the  drums  during  llie  forward  niovenicnt.  the  ccjiitrol  circuit  of  tlie 
"ofT"  valve  magnet  is  broken,  which  will  admit  air  into  the  "off" 
cylinder,  thus  instantly  creating  an  equalization  of  pressure  in  1)oth 
cylinders.  In  order  to  obtain  the  correct  stops  on  the  notches,  a- 
provided  on   the  main  controller  drum,   the  control  circuit  of  the 
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FU;.    7 — CROSS-SECTIOX   OF   OPF.RATI  NG    M  i:rH.\NI.-;.M 

"off"  valve  magnet,  is  broken  on  an  auxiliary  interl<jcking  drum, 
which  is  connected  to  the  same  shaft,  the  development  of  which 
corresponds  to  that  of  the  main  drum,  each  notch  being  controlled 


FIC.   8 — OPERATING   HEAD   WITH    RE\T:rSING    MECHANISM 

RKMOVKO 

SlunvitiR  rack  and  pinion  drive, 
by   a  separate  control   wire   which    is   energized    from    the   maiitcr 
controller. 

The  reverse  drum  is  operated  in  the  same  way  as  a  staii<lard 
electro-pneumatic  reverscr.  The  two  cylinders  arc  in  line,  with 
pistons  connected  by  a  common  rod,  so  that  when  compressed  air  i= 
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admitted  to  one  of  the  cylinders,  the  reverse  drum  moves  to  the 
opposite  position.  A  link  connects  from  the  piston  rod  to  a  lever 
on  the  reverse  drum  shaft. 

Main  Circuits — The  main  circuit  connections,  shown  in  Fig.  9, 
which  illustrates  a  two-motor  field-control  equipment,  are  arranged 
in  such  a  way  as  to  relieve  the  main  drum  of  all  unnecessary  work. 
This  is  accomplished  by  a  line  switch,  shown  in  Fig.  10,  which  is 
connected  in  the  circuit  ahead  of  the  controller,  to  do  all  the  heavy 
making  and  breaking  of  the  circuit.  The  controller  drum  is  so 
arranged  that  its  "ofif"  position  corresponds  to  the  first  notch  on, 
the  master  controller. 

The  line  switch  is  electro-pneumatically  operated,  and  provided 
with  a  strong  magnetic  blow-out,  its  construction  being  similar  to 
that  used  on  standard  unit-switch  control  equipments.  An  overload 


Line  Switch 
Overload  Trip      '"' 


Switch' 


Field  No.  1 


Field  No.  2 


-^  Ground 

FIG.    9 — SCHEMATIC  DIAGRAM    OF    MAIN   CIRCUITS 

trip,  Fig.  II,  is  connected  in  the  circuit  ahead  of  the  line  switch  so 
as  to  protect  the  equipment  against  overloads  or  short  circuits. 

The  main  drum  is  arranged  with  a  total  of  eight  notches,  four 
in  series  and  four  in  multiple.  Notches  two  and  three  in  the  series 
position,  and  six  and  seven  in  the  multiple  position,  cut  out  re- 
sistance steps ;  notches  four  in  the  series  and  eight  in  the  multiple 
position,  change  the  motor  fields  from  full  field  to  normal  field 
connection. 

Control  Circuits — The  master  controller,  Fig.  6,  has  two 
handles,  a  reverse  handle  and  main  handle,  the  reverse  handle  only 
being  removable.  The  main  handle  is  arranged  with  an  emergency 
interlocking  feature,  in  such  a  way  that  should  the  motorman  re 
lease  the  handle  while  it  is  on  any  notch  except  the  "off"  position, 
power  will  be  immediately  cut  off  and  the  brakes  applied  to  the  car. 
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Tlie  emergency  brake  api)lication  may  be  prevented  in  the  '"ull" 
position  by  moving  the  reverse  handle  to  neutral.  The  mechanical 
interlock  for  accomplishing  this  result  is  located  at  the  top  of  the 
controller.  The  reverse  drum  fingers  slide  on  the  reverse  drum 
when  the  main  handle  is  released,  opening  the  forward  and  reverse 
wire  circuit,  thus  dropping  out  the  line  switch.  At  the  same  time 
the  upward  movement  of  the  main  handle  unseats  a  small  pin  valve 
which  applies  the  brakes. 

A  sliding  contact,  Fig.   12,  is  located  above  the  main  drum  of 
the  master  controller.     This  is  made  up  of  two  pieces  of  moulded 

material     which     are     clamped 
■  '  around   the   shaft   by   means   of 

spring  clamps.     A   stop   on   the 
main  base  allows  the  sliding  con- 
tact to  turn  through  an  angular 
distance    corresponding  t  o    one 
notch  of  the  main  drum.    During 
the  balance  of  the  movement  of 
the  main  drum,  the  sliding  con- 
tact is  stationary.     With  this  ar- 
rangement,   if    the    master    con- 
troller   is    moved    towards    the 
"on"  position,  the  control  circuit 
for  the  line  switch  is  established, 
while    any    backward    movement 
of    the    controller   handle  opens 
this  control  circuit,  thus  dropping 
out  the  line  switch.    In  this  way. 
the  arcing  on  the  main  controller 
drum,  when  backing  off  the  re- 
sistance   notches,    and    in   going 
from     nuiltiple    back    to    series 
position,  is  entirely  eliminated. 
The  development  on  the  main  drum  of  the  master  controller 
provides  positions  corresponding  to  the  notches  of  llie  controller 
drum,  arranged  so  as  to  make  it  possible  to  pause  on  any  one  of 
the  eight  notches.    Automatic  acceleration  is  obtained  by  connecting 
the  current  limit  relay  in  the  control  circuit  of  the  "off"  valve  mag- 
net, permitting  the  master  controller  handle  to  be  thrown  directly 
to  the   full   nudtiple  position,  and  any  predetermined  rate  of  ac- 
celeration maintained  according  t«)  the  setting  of  the  limit  switch, 
as  indicated  by  the  schematic  diagram.  Fig.  u. 


KIC.  10 — PNF.UMATICAU.V  -  OPKR.XTEU 
LINE  SWITCH  WITH  MAGNKTIC  BLOW- 
OUT 
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On  the  first  notch  of  the  master  controller,  wire  i  is  energized 
from  6,  which  is  the  positive  side  of  the  control  circuit.  Wires  F 
and  R  are  energized  from  the  wire  o,  which  is  the  negative  side 
of  the  control  circuit,  ^^'ire  i  is  interlocked  through  the  main  con- 
troller drum  in  the  first  position,  to  wire  JJ,  to  the  line  switch  valve 
magnets,  to  the  return  circuit  through  wire  lo,  which  is  interlocked 
through  the  reverse  drum  to  wire  F  or  R,  and  then  through  the 
reverse  drums  and  sliding  contacts  on  the  master  controller  to  the 
negative  side  of  the  control  circuit.  As  soon  as  the  line  switch 
closes,  wire  /j  is  connected  to  wire  /,  which  establishes  a  holding 
circuit.  Current  through  wnre  i  also  energizes  the  "on"  valve  mag- 
net which  is  connected  directly  across  wires  i  and  o,  so  that  the 
main  drum  will  not  come  back  to  the  first  position  until  the  master 

controller    is    thrown    to    the    "ofl:" 
position. 

On  the  second  notch  of  the  master 
controller  wire  2  is  energized,  and 
the  current  goes  directly  to  the  aux- 
iliary interlocking  drum  on  the  main 
controller,  which  energizes  the  "off 
valve  magnet  through  wire  14  and' 
the  limit  switch  to  the  '"ofif"  valve 
magnet  coil,  and  returning  to  the 
negative  side  of  the  line  through 
wire  10.  This  releases  the  air  from 
the  "of!"  cylinder,  and  the  "on" 
valve    magnet    being    already    ener- 

FIG.     II OVERLOAD     TRIP  _  . 

gized,  the  main  controller  drum 
moves  toward  the  second  position.  Just  before  it  reaches  the  sec- 
ond position,  the  current  in  wire  2  is  interrupted  on  the  auxiliary 
control  drum,  thus  deenergizing  the  "off"  valve  magnet,  which  in- 
stantly establishes  equal  pressure  in  both  cylinders,  stopping  the 
main  drum  on  the  second  position.  The  control  wires  j  and  4  operate 
in  a  similar  manner,  and  control  the  resistance  and  field  notches  in 
series  as  well  as  in  multiple.  The  P  wire  when  energized  operates 
the  main  controller  drum  from  the  series  to  the  multiple  position. 
The  povi^er  for  operating  the  control  circuits  can  be  obtained 
from  a  storage  battery  or  direct  from  the  trolley  through  a  control 
resistance.  In  either  case  an  extremely  small  amount  of  energy  is 
recjuired  for  control,  since  only  four  valve  magnet  coils  are  neces- 
sary to  operate  the  entire  equipment. 
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AdviUitaycoHS  I'caliircs  rriniarily,  the  P  K  type  of  control 
equipment  is  designed  for  the  aljsoliite  niininuini  of  weight  and 
space.  In  order  to  meet  the  conditions  on  extremely  low  floor  cars, 
it  is  possible  to  mount  the  entire  equipment  in  the  motorman's  cal). 
When  so  mounted  the  apparatus  is  extremely  accessible  for  quick 
inspection  and  maintenance,  and  these  are  important  items  where 
cars  are  in  use  for  nearly  the  entire  t\\  enty-four  hours  of  the  day. 

As  indicated  by  Fig.  12,  the  almost  complete  absence  of  inter- 
locks and  complicated  circuits  points  to  an  extremely  simple  control 
equipment,  such  as  the  average  inspector  can  easily  comprehend. 
Mechanically,  the  device  is  as  simple  as  it  is  electricallv. 


KIC.      12 — SCHKM.\T1C'    1)I.\(;KAM    OF    CONTROL    CIRCUITS 


Never  before  has  a  car  e(|uipment  been  built,  invtilving  as  it- 
inherent  fundamental  features,  the  possibility  of  accelerating  either 
manually,  notch  by  notch,  or  automatically,  on  either  a  time  ele- 
ment or  a  constant  current  basis.  The  advantages  of  these  features, 
especially  on  city  cars  in  dense  traffic,  are  readily  seen.  When  i>os- 
sible,  the  car  nuist  be  accelerated  at  the  maximum  rate  permitted 
by  adhesion  in  order  to  maintain  schedules.  The  limit  setting  fixes 
this  rate  and  prevent'^  loss  of  time  from  the  slipping  of  wheels  or 
opening  of  the  overload  trip.  When  held  back  by  traffic  a  large  num- 
ber of  operating  notches  arc  available  to  suit  any  necessary  speed. 


98o 


THE  ELECTRIC  JOURNAL 


In  the  railway  field  alone  the  application  of  this  system  of 
control  is  unlimited.  Wherever  power  circuits  can  be  manipulated 
more  easily  on  a  drum  than  with  individual  switches,  this  new  ar- 
rangement solves  the  problem  of  remote  control  and  proper  regula- 
tion   for   the   drum.     Any   intermittent  motion   in  two   directions. 


FIG.     13 — STEPLESS    CAR    OF    THE    NEW    YORK    RAILWAYS    CO. 

Equipped  with  P  K  Control. 

either  rotating  or  rectilinear,  is  readily  controlled  by  the  application 
of  this  scheme.  One  good  example  of  such  an  application  is  the 
regulation  of  the  height  of  electrolyte  in  a  liquid  rheostat  by  raising 
and  lowering  the  overflow  pipe.  The  original  application  to  small 
cars  can  be  extended  to  larger  equipments  as  conditions  demand. 


ELECTRIFICATION  OF  TRUNK  LINES  IN  EUROPE 

R.  E.  HELLMUND 

The  author  returned  recently  from  an  inspection  trip  of  the 
more  important  European  trunk  line  electrifications.  A  brief 
rcsmne  of  the  impressions  received  and  the  information  gath- 
ered is  given  in  the  following  pages. —  (Ed.) 

IT  IS  intended  to  give  in  this  article  merely  a  general  idea  of  the 
conditions  of  the  electrifications  in  Europe,  rather  than  to  deal 
with  the  details  of  design.  A  number  of  factors  are  mentioned 
which  are  not  of  a  technical  character,  but  which  are  of  importance 
in  that  they  have  had  an  important  influence  upon  present  condi- 
tions.    The  various  countries  considered  are  dealt  with  separately 

GERMANY 

General  Situation — The  German  trunk  line  systems  are  prac- 
tically all  owned  and  operated  by  the  larger  states  of  the  Union,  a> 
Prussia,  Bavaria,  Wuerttemberg  and  Baden.  As  Prussia  has  by  far 
the  largest  railway  system,  it  has  taken  the  lead  in  electrification 
work.  The  following  statements  regarding  the  electrification  ir 
Prussia  apply,  therefore,  in  general  to  other  German  electrifications. 

Electrifications  in  Prussia  arc  at  the  present  time  in  a  rather 
unsettled  condition  and  the  results  are,  in  the  writer's  opinion,  not 
very  satisfactory.  The  reason  for  this  seems  to  be  a  rather  too 
liberal  policy  of  the  government  in  allowing  the  trying  out  of  a 
multitude  of  frills,  combined  with  a  rather  one-sided  attitude  with 
regard  to  a  number  of  essential  features. 

System  of  Electrification — The  system  of  electrification  prac- 
tically settled  upon  is  single-phase,  about  15  cycles,  10  000  or  I5  0<X) 
volts.  This  system  was  recommended  some  time  ago  in  elaborate 
printed  reports  (Denkschriften)  submitted  to  the  Prussian  govern- 
ment. The  voltage  of  the  overhead  construction  was  not  definitely 
settled  in  the  beginning,  but  it  was  decided  to  operate  first  with 
10  000  volts  and  in  case  this  should  give  good  results  increase  to 
15000  volts.  This  change  is  now  being  made  at  the  Dessau-Bit- 
terfeld  road,  since  the  overhead  construction  has  given  satisfaction 
with  10  000  volts. 

While  apparently  the  single-phase  system  will  be  the  standard 
for  German  trunk  line  electrifications,  there  seems  to  be  some  doubi 
regarding  the  proper  system  for  the  Berlin  Elevated  (Berliner 
Stadtbahn).  The  electrification  of  this  road  has  been  carefully  con- 
sidered for  many  years  and  single-phase,  15  cycles  has  been  recom- 
mended in  view  of  the  inter-connection  of  this  road  with  the  trunk 
lines  entering  Berlin.    The  Stadtbahn  is  a  money  losing  proposition 
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and  the  government  found  it  necessary  to  appropriate  50000000 
marks  from  which  Httle  or  nt)  return  is  to  be  expected.  Under  these 
conditions  it  was  exceedingly  difficult  to  get  the  bill  through  the 
Prussian  House  of  Representatives,  especially  since  the  interests  of 
the  steam  locomotive  manufacturers  are  said  to  have  exerted  a 
strong  influence  against  the  electrification.  In  fact  it  was  possible  to 
pass  the  bill  appropriating  the  first  25  000  000  marks  only  under  the 
condition  that  the  electrification  of  the  Stadtbahn  was  considered 
only  and  that  no  electrification  of  the  trunk  lines  running  into  Berlin, 
would  be  considered  in  the  near  future.  Under  these  conditions  it  is 
possible  that  a  direct-current  system  may  be  decided  upon.  Thic 
however,  would  not  affect  the  decision  in  favor  of  the  single-phase 
system  for  trunk  lines. 

The  above  situation  has  been  described  somewhat  in  detail  be- 
cause the  decisions  made  abroad  are  liable  to  have  a  certain  influ- 
ence in  this  country,  and  it  is  well  to  know  under  what  conditions 
certain  conclusions  were  reached. 

Mechanical  Design  of  Locomotives — The  mechanical  design  of 
the  locomotives  at  Dessau-Bitterfeld  cannot,  in  general,  be  consid- 
ered very  successful.  Several  reasons  seem  to  be  responsible  lor 
this.  First,  the  government  practically  dictated  the  policy  of  using 
one  or  two  very  large  motors  per  locomotive  and  side  rod  drive,  and 
eliminated  schemes  for  applying  gears  altogether,  thereby  limiting 
the  possibilities  to  a  design  which  brings  with  it  a  number  of  in- 
herent difficulties.  Second,  the  mechanical  design  of  the  locomo- 
tives is  made  by  the  steam  locomotive  manufacturers,  and  from 
what  could  be  learned  they  are  not  over  anxious  to  make  the 
electric  locomotives  a  success. 

So  far  three  typical  designs  have  been  tried  out  on  the  Dessau- 
Bitterfeld  road : — 

I — A  passenger  type  of  locomotive  with  vertical  side  rods.  Most 
of  these  locomotives  have  Only  one  large  motor.  Only  one  locomo- 
tive, which  was  originally  built  by  the  Allgemeine  Electricitats  Ges 
sellschaft  for  the  Loetschberg  electrification  and  was  there  rejected 
on  account  of  not  meeting  requirements  and  subsequently  bought 
by  the  Prussian  government,  has  two  motors  and  practically  vertical 
side  rods.  All  of  these  locomotives  with  one  big  motor,  about  five 
or  six  altogether,  have  sooner  or  later  given  trouble,  due  to  the 
breaking  of  the  cranks  and  crank  pins.  The  mechanical  parts  have 
since  been  strengthened  considerably,  but  have  not  been  in  service 
long  enough  to  show  that  they  are  now  sufficient  to  do  the  work. 
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2 — The  freight  type  of  locomotive  with  four  drivers,  and  a  jaci< 
shaft,  driven  by  i»nc  big  motor  by  means  of  side  rods  incHned  about 
45  degrees.  These  locomotives  have  so  far  given  best  satisfaction 
in  service,  although  they  are  subject  to  rather  pronounced  vibra- 
tions. There  is  little  doubt,  however,  that  some  type  of  geared 
locomotive  would  have  been  a  better  solution  for  this  service. 

3— Quite  recently  a  number  of  locomotives  of  a  heavier  tyjjc 
have  been  tried.  These  hjcomotives  have  two  large  motors  driving 
a  common  jack  shaft  by  a  side  rod  inclined  about  45  degrees.  This 
design  seems  to  be  altogether  a  failure.  One  locomotive  was  tried 
on  experimental  runs  and  began  to  vibrate  very  severely  at  a  speed 
of  about  40  miles  per  hour.  Subsec[uently.  there  was  a  big  noise 
followed  by  smooth  running.  After  the  locomotive  had  been  brouglu 
to  rest,  it  w^as  found  that  the  crank  jiin  of  the  jack  shaft  was  miss- 
ing. A  second  locomotive  of  the  same  type  behaved  quite  similarly 
with  the  e.xception  that  the  crank  pin  of  the  jack  shaft  and  both 
of  the  inclined   side  rods  were  broken. 

While  two  of  the  al)ove  designs  have  given  trouble  un  account 
of  the  mechanical  difticulties.  it  seems  tiiat  the  various  bearings  do 
not  give  any  serious  difficulty  in  operation,  which  is  of  intere>^ 
since  American  railroad  engineers  have  been  rather  afraid  of  trouble 
along  this  line.  It  shouUl  be  remembered,  however,  that  the  average 
German  engine  driver  is  more  to  be  relied  upon  to  take  care  of 
lubrication  properly  than  is  the  case  in  this  country. 

On  account  of  the  doubtful  results  obtained  with  side  rods  and 
large  motors,  there  is  quite  a  tendency  now  towards  gear  arrange- 
ments. The  progress  is  rather  slow,  however,  because  it  is  hard  to 
overcome  certain  prejudices.  The  government  has,  however,  now 
agreed  to  gears  for  slow-speed  freight  work  and  has  permitted  the 
l>ergmann  Comi)any  to  build  one  experimental  geared  locomotive 
for  high-speed  work. 

With  regard  to  the  design  of  motor  cars,  especially  for  the 
Berliner  Stadtbahn,  the  government  officials,  as  well  as  the  engineers 
of  the  manufacturing  concerns,  arc  very  much  interested  in  the 
flexible  drive  and  the  flexible  gears  which  are  in  successful  use  in 
this  country,  and  indications  are  that  one  of  the  two  arrangements 
will  soon  be  tried  out  in  Germany. 

In  connection  with  the  .Stadtbahn  electrification,  a  cross  between 
locomotive  and  motor  cars  is  being  considered.  Some  time  ago  v 
report  was  printed  recommending  locomotives  for  the  Stadtbahn. 
principally  in  an  endeavor  to  utili/c  the  present  rolling  stock.     Now 
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there  seems  to  be  a  feeling  that  motor  car  operation  would  be  much 
better  adapted  for  the  service.  Since  it  is  desirable,  however,  to 
make  use  of  the  existing  rolling  stock,  it  is  now  intended  to  build 
so-called  pulling  trucks  (Zuggestelle).  These  are  simply  trucks 
with  two  pairs  of  drivers  and  two  motors  and  the  necessary  control 
apparatus,  but  without  a  cab.  It  is  intended  to  put  pantagraphs  on 
the  passenger  cars  with  the  instruments  and  the  master  controller 
in  a  compartment  at  the  end  of  the  first  passenger  car.  It  is  ap- 
parently intended  to  use  such  trucks  until  the  present  rolling  stock 
is  used  up,  and  then  gradually  work  over  to  motor  cars. 

Motors — All  of  the  motors  on  the  German  locomotives  seem  to 
be  rather  successful  in  operation.  While  insulation  breakdowns  and 
some  other  troubles  have  occurred,  it  seems  that  these  defects  were 
not  of  a  serious  nature  and  in  general  the  motors  are  adequate  to 
do  the  work  for  which  they  are  designed,  both  with  regard  to  com- 
mutation and  heating.  The  following  principal  motor  types  have 
been  tried : — 

I — Doubly-fed  series  motor  with  or  without  weakened  field  at 
starting. 

2 — Doubly-fed  series  motor  of  the  Bergmann  type  with  ar- 
rangement for  shifting  the  brushes  for  the  purpose  of  speed 
regulation. 

3 — Winter-Eichberg  motor. 

It  is  now  practically  certain  that  all  of  the  above  types,  except 
the  doubly-fed  series  motor,  will  be  abandoned  in  the  future  for 
railway  work.  The  Winter-Eichberg  motor  is,  in  most  cases,  not 
fitted  for  railway  work,  as  it  is  inherently  adapted  for  relatively  low 
speeds  only,  which  in  turn  means  that  heavy  motors  have  to  be 
used.  The  Bergmann  motor,  while  operating  satisfactorily,  is  not 
adapted*  for  multiple-unit  control  and  requires,  moreover,  compli- 
cated mechanical  arrangement  for  the  brush  shifting. 

All  of  the  motors  are  built  without  resistance  leads  with  the 
exception  of  the  Bergmann  motor,  which  has  a  small  resistance  in- 
serted between  the  commutator  and  winding.  The  results  obtained 
without  resistance  leads  are  in  all  cases  satisfactory.  The  Allge- 
meine  Electricitats  Gesellshaft,  which  has,  in  the  old  locomotives,  a 
special  controller  for  regulating  the  commutation,  find  that  eveii 
this  refinement  is  not  needed.  The  problem  of  omitting  the  re- 
sistance leads  is,  of  course,  much  easier  in  Germany  on  account  of 
the  low  frequency  and  the  smaller  starting  torques  required,  than  is 
the  case  in  this  country. 
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Auxiliary  Apparatus  and  Control — All  of  the  transformers 
built  so  far  for  the  German  railways  are  of  the  oil  immersed  type 
Some  of  those  inspected  oy  the  writer  were  of  the  core  type  and  the 
mechanical  construction  did  not  seem  to  take  the  requirements  of 
railway  service  properly  into  account.  Some  trouble,  for  instance, 
has  been  experienced  due  to  the  breakage  of  supporting  porcelain 
insulators  on  the  transformers.  Altogether  it  appears  that  the 
mantle  type  of  transformers  as  used  in  American  single-phase  loco- 
motives and  cars  is  nuich  better  adapted  for  traction  purposes.  The 
use  of  oil  transformers  is  objectionable  on  account  of  the  additional 
weight  and,  at  the  time  of  the  writer's  visit,  the  use  of  air  blast 
transformers,  as  in  American  locomotives,  was  seriously  being  con- 
sidered by  government  officials  and  engineers.  At  the  same  time, 
experiments  for  the  purpose  of  increasing  the  capacity  of  the  oil 
transformers  were  about  to  be  carried  out.  In  one  of  the  locomo- 
tives, oil  circulating  tubes,  placed  at  the  front  of  the  locomotive  out- 
side of  the  cab  and  connecting  into  the  bottom  and  top  part  of  the 
transformer  tank,  were  being  tried  ^)Ut.  Although  no  reliable  tests 
were  at  hand,  it  seemed  that  these  tubes  made  a  difference  of  about 
10  degrees  in  the  tem])erature  rise,  and 'the  engineers  were  hopeful 
that  the  improvement  would  be  sufficient  to  allow  them  to  rewind  the 
transformers  from  10  000  to  15000  volts,  without  reducing  the 
capacity.  This  is  desirable,  as  the  government  now  wishes  to  try 
out  an  overhead  voltage  of  15000  vt)lts. 

With  regard  Id  the  control  of  the  (lerman  locomotives,  three 
essentially  different  methods  have  been  tried. 

I — Control  by  electrically-operated  unit  switches. 

2 — Control  by  induction  regulators  worked  in  c<>miection  witii 
a  small  number  of  unit  switches. 

^ — Control  by  brush  shifting  and  .1  small  number  of  switches. 

The  two  latter  methods  are  not  to  be  used  any  more  in  new 
designs  and  the  contem])laled  standard  i-  tiic  one  meiUioned  fh>i. 
which  is  nearest  to  .Vmerican  standard  practice.  The  rea.son  for  dis- 
carding the  induction  regulator  feature  does  not  seem  to  be  so  nnich 
its  unfavorable  influence  upon  the  power- factor,  as  the  ditlrtculty 
exjierienced  with  the  regulator  and  the  driving  mechanism  and 
motors.  The  vibrations  of  the  regulator  armatures  with  the  fre- 
quency of  15  cycles  seems  to  make  it  very  difficult  to  keep  them 
in  working  order.  Another  point  against  the  induction  regulators 
is  the  heavy  weight,  which  is  far  in  excess  of  a  number  of  switches 
which  may  be  used  to  do  the  work  of  the  regulator.     During  the 
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writer's  visit,  one  of  the  locomotives  with  induction  regulators 
worked  fairly  well,  but  it  was  also  learned  that  in  case  of  some 
other  locomotives  for  which  induction  regulators  had  been  contem- 
plated it  was  altogether  impossible  to  get  the  locomotives  in  working 
order,  and  the  locomotives  were  changed  over  to  unit  switch  control. 
The  use  of  the  induction  regulator  was  one  of  the  fads  of  the  gov- 
ernment officials,  but  it  seems  that  they  are  now  convinced  that  it 
is  not  a  very  satisfactory  method.  The  control  by  means  of  shifting 
the  motor  brushes  will  probably  also  be  abandoned,  although  it  will 
be  used  on  some  locomotive  by  the  Bergmann  Company. 

Recuperation  of  Energy — Up  to  the  present,  little  consideration 
has  been  given  to  the  recuperation  of  energy,  or  even  electric  brak- 
ing. The  experimental  lines  now  operated  do  not  have  sufficient 
grades  to  justify  any  recuperating  scheme. 

Miscellaneous — With  the  exception  of  the  troubles  experienced 
on  the  induction  regulators  on  account  of  vibrations,  it  seems  that 
no  serious  difficulties  have  been  experienced  in  consequence  of  vi- 
brations. While  the  writer  noticed  quite  an  amount  of  vibration 
in  some  of  the  locomotives,  it  did  not  appear  to  be  serious.  It  wa? 
stated,  however,  by  one  of  the  government  officials  that  the  freight 
locomotive  type,  which  was  not  in  operation  at  that  time,  showed 
more  tendency  to  vibrate  than  any  of  the  other  locomotives.  Alto- 
gether none  of  the  German  engineers  seemed  to  be  afraid  of  any 
serious  trouble  caused  by  vibration. 

SWITZERLAND 

General  Situation — The  results  obtained  in  Switzerland  in  the 
electrification  of  trunk  lines  are  at  the  present  time  rather  encour- 
aging. Although  in  the  experimental  stages  a  large  number  of  the 
manufacturers  experienced  rather  discouraging  results,  similar  to 
those  in  Germany,  others  succeeded  in  developing  some  very  suc- 
cessful locomotives  which  have  since  been  adopted  as  standard. 
The  principal  electrifications  in  Switzerland  are  the  three-phase  elec- 
trification of  the  Simplon  Tunnel,  which  has  been  in  successful  op- 
eration for  from  six  to  eight  years,  and  the  single-phase  electrifica- 
tion of  the  Loetschberg  Tunnel,  which  was  about  to  be  opened  dur- 
ing the  writer's  visit.  A  motor  car  train  as  used  on  this  road  and 
the  overhead  construction  is  shown  in  Fig.  i,  and  one  of  the  single- 
phase  locomotives  is  shown  in  Fig.  2. 

System  of  Electrification — The  standard  system  recommended 
by  a  commission  of  Swiss  engineers  is  single-phase,  about  15  cycles, 
15000  volts.    The  decision  for  this  system  was  made  after  careful 
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consideration  of  the  three-phase  system,  single-phase  system  and  the 
direct-current  system  at  250(3  and  3  cxx)  vohs.  The  three-phase 
system  of  the  Simplon  Tunnel,  while  giving  complete  satisfaction, 
is  generally  not  considered  to  be  as  good  a  solution  of  the  electrifi- 
cation at  large.  The  high  \oltage  direct-current  system  is  not  being 
considered  seriously  at  present,  but  the  engineers  are  rather  inter- 
ested in  the  developments  made  in  this  country  along  this  line. 

Mechanical  Dcsit/n  of  Locomotives — The  best  operating  loco- 
motive is  the  one  designed  by  the  Oerlikon  Company  with  two  large 
motors  geared  to  a  jack  shaft  by  helical  Citron  gears  and  a  side  rod 
which  was  arranged  at  a  comparatively  small  angle  against  the  hori- 
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zontal.  'j'hc  (jnly  disadvantage  of  this  locomotive  was  that  tlie 
motors  were  located  near  tlic  ends  of  the  locomotive  which,  with 
higher  s|)eeds.  gave  ti  tendency  on  curves  toward  straightening  out 
the  rails.  The  adopted  standard  of  the  Loetschberg  electrifn^alion 
is.  therefore,  a  locomotive  which,  while  having  many  of  the  principal 
features  in  common  with  the  experimental  Oerlikon  locomotive,  is 
using  a  Scotch  yoke  drive  with  live  drivers.  The  new  locomotives 
of  this  type  have  a  very  substantial  appearance,  and  have  so  far 
shown  no  serious  defects.  As  they  have  not  been  in  operation  veiy 
long,  any  final  conclusit)ns  cannot  be  made  at  the  proent  time. 

Two  different  mechanical  constructions  have  been  used  for  the 
locomotives  of  the  Simplon  Tunnel,  one  of  them  using  three  driver* 
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and  Scotch  yoke,  the  other  one  using  four  drivers  and  a  pecuHar 
construction  of  frame  drive  and  side  rods.*  Of  these  two  con- 
structions, the  one  with  the  Scotch  yoke  has  given  excellent  results 
for  a  period  of  seven  years,  while  the  other  locomotive  does  not 
seem  to  be  quite  as  satisfactory  in  operation  from  a  mechanical 
point  of  view.  With  regard  to  the  Scotch  yoke  engine,  it  was  stated 
by  the  master  mechanic  that  they  never  experienced  any  trouble 
with  the  various  bearings  and  that  overhauling  is  not  found  neces- 
sary oftener  than  about  once  a  year.  The  principal  wear  is  in  the 
window  of  the  Scotch  yoke,  but  this  does  not  require  much  attention. 
Motors — As  in  Germany  a  great  variety  of  different  motor 
types  were  used  on  the  Loetschberg  road  during  the  experimental 
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Stage.  Here  also  it  was  found  that  the  motor  types  with  brush 
shifting  arrangements  as  well  as  the  Winter-Eichberg  motor  and 
other  repulsion  motors  are  not  very  well  adopted  for  traction  work. 
The  adopted  standard  single-phase  motor  is  the  Oerlikon  motor, 
which  is  a  series  motor  with  interpoles  and  without  resistance  leads 
in  the  armature;  the  interpoles  are  connected  in  series  with  the 
other  parts  of  the  motor  and  a  resistance  is  connected  in  parallel 
to  the  interpoles.  With  regard  to  commutation,  this  motor  gives 
excellent  results ;  it  has  the  disadvantage  of  having  certain  losses 
in  the  shunt  resistance.    These  losses  are  almost  negligible  in  case  of 


*See  article  by  the  author  in  the  Journal  for  June,  1910,  p.  486. 
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the  Loctscliberg  motors,  because  thcv  run  at  an  exceedingly  liigli  pc- 
rijjhcral  speed  and  witii  a  frequency  <»f  15  cycles.  Unfortunately, 
these  conditions  are  entirely  changed  in  motors  which  are  operated 
on  25  cycles  and  with  the  peripheral  sjjceds  customary  in  this  coun- 
try. Under  this  last  named  condition  the  shunt  losses  become 
almost  prohibitive  and  we  are  therefore  not  in  a  position  to  adopt 
this  otherwise  exceedingly  desirable  type  of  motor. 

The  three-i)hase  motors  of  the  Simplon  Tunnel  locomotives 
have  proven  very  satisfactory  in  service.  During  the  writer's  visi^ 
two  of  the  motors  were  in  for  repair  and  the  master  mechanic 
stated  that  these  were  the  first  breakdowns  in  several  years.  Oi 
particular  interest  are  the  squirrel  cage  motors  of  two  of  the  later 
Ipcomotives.  This  type  of  induction  motor  is  generally  not  con- 
sidered well  adapted  for  traction  work  because  all  of  the  acceler- 
ating losses  have  to  be  dissipated  in  the  motor  itself,  which  is  liable 
to  lead  to  overheating  and  roasting  of  the  winding.  It  seems,  how- 
ever, that  these  motors  have  stood  up  very  well,  since  neither  the 
primary  winding  nor  the  high  resistance  parts  of  the  squirrel  cage 
motor  have  required  any  repairs  in  several  years. 

.luxiliary  Apparatus  and  Control — The  control  of  the  Loetsch- 
bcrg  motor  is  of  particular  interest  since  the  drum  type  of  con- 
troller has  been  applied  and  is  apparently  giving  good  results.  The 
regulation  of  this  drum  type  of  controller  is  afYected  by  a  mechan- 
ism very  similar  to  the  one  used  in  connection  with  the  Tirril  regu- 
lator, separate  contacts  being  provided  for  breaking  the  current.  A 
similar  type  of  drum  controller  operated  by  hand  has  been  in  suc- 
cessful use  for  about  six  years  on  some  of  the  three-phase  loco- 
motives of  the  Simplon  Tunnel.  The  only  criticism  offered  by  the 
master  mechanic  regarding  this  controller  is  that  the  oil  surround- 
ing the  current  breaker  contact  has  to  be  renewed  frequently.  This 
is  to  be  expected,  as  only  one  contact  is  being  used  for  making  all 
the  breaks,  of  which  60  arc  required  for  each  complete  acceleration. 

While  these  drum  type  controllers  are  apparently  giving  gcx^d 
results,  it  is  not  believed  that  they  offer  any  advantage  over  t)ie 
American  type  of  unit  switches.  The  Loetschberg  controller  is 
quite  large  and  heavy  and  must  be  quite  expensive. 

Recuperation  of  Energy — Recuperation  of  power  or  electrical 
braking  has  not  been  attempted  with  any  of  the  single-phase  motors 
in  Switzerland.  In  the  three-phase  locomotives  a  certain  amount 
of  recui)eration  is  experienced.  Due  to  the  limited  number  of  trains 
and  the  small  grades  of  the  Simplon  Tuiniel,  this  feature  is  of  no 
very  great  importance.     In  the  beginning  most  of  the  recuperated 
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power  had  to  be  dissi- 
pated in  a  water  rheo- 
stat at  tlie  power  sta- 
tion because  it  fre- 
quently happens  that 
only  one  train  is  on  the 
line.  At  present  this 
surplus  energy  is  used 
to  very  good  advantage 
for  heating  the  shop 
and  car  barns. 

Miscellaneous  —  As 
in  Germany,  the  low 
frequency  of  15  cycles 
does  not  appear  to  be 
objectionable.  In  fact 
it  was  observed  that 
the  locomotives  on  the 
Loetschberg  road  show 
very  little  vibration 
Outside  of  the  noise 
caused  by  the  brushes 
and  the  high  peripheral 
commutator  speed,  the 
locomotives  run  abso- 
lutely quiet.  The  motor 
cars  show  a  certain 
amount  of  vibration 
but  neither  the  passen- 
gers nor  the  engineers 
of  the  road  seemed  to 
consider  these  vibra- 
tions objectionable. 

ITALY 

General  Situation  — - 
The  results  obtained  in 
Italy  with  three-phase 
electrifications  appear 
to  be  highly  satisfac- 
tory. The  government 
railroad  engineers 
claim    to    be    able     to 
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show  considerable  saving  over  steam  operation  and  the  result  is  that 
a  large  number  of  new  electrifications  are  either  under  construction 
or  contemplated.  In  consequence,  the  ftalian-Westinghouse  Com- 
pany is  turning  out  locomotives  as  fast  as  possible  and  is  being 
pushed  by  the  government  to  increase  i)roduction.  It  is  believed 
that  before  long  100  locomotives  of  the  Giovi  type  will  be  in  opera- 
tion. A  new  type  of  passenger  engine  designed  for  three  speeds  is 
now  under  construction,  'ihc  general  arrangement  of  this  engine 
is  shown  in  Fig.  3.  while  the  latest  Giovi  freight  engine  is  shown 
in  Fig.  4. 

System  of  Electrification — Tiie  adopted  standard  of  electrifica- 
tion for  Italy  is  15  cycles,  three-phase,  3000  volts,  and,  as  far  as 


FIG.    4 — GIOVI    THREE-PHASE    FREIGHT    LOCOMOTIVE 

cuuld  be  ascertained,  there  does  not  seem  to  be  the  lea>t  desire  for 
any  departure  from  this  system. 

Mechanical  Dcsiijn  of  Locomotives — The  mechanical  design  of 
the  Giovi  locomotives,  which  have  two  gearless  motors,  a  Scotch 
yoke,  side  rods  and  five  drivers,  is  generally  considered  a  success. 
Although  some  of  the  parts  of  the  first  locomotives  are  showing 
more  wear  than  is  desirable,  recent  experiments  have  led  to  the  de- 
velopment of  proper  means  to  overcome  these  difficulties.  The  new 
locomotives  are  therefore  almost  duplicates  of  the  first  Giovi  loco- 
motives from  a  mechanical  point  of  view,  with  the  exception  of  a 
few  minor  changes,  affecting  principally  the  material  of  the  wearing 
parts.     Some  details  of  the  mechanical  design  are  shown  in  Fig.  5. 

Motors-YhQ  motors  of   the  (liovi   IcKomotives  also  seem  to 
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work  satisfactorily.  During  a  visit  to  the  repair  shops  it  was  noted 
that  only  two  or  three  of  the  80  motors  were  in  for  repair,  a  fact 
which  would  indicate  that  the  motors  give  little  trouble  even  after 
an  operating  period  of  three  or  four  years.  The  motors  for  the 
new  locomotives  will  be  only  slight  modifications  of  the  old  motors, 
the  principal  improvement  being  a  change  in  the  ventilation  for  the 
purpose  of  increasing  their  capacity. 

Auxiliary  Apparatus  and  Control — The  auxiliary  apparatus 
and  control  of  the  Giovi  locomotives  has  been  found  satisfactory 
with  only  a  few  exceptions.  The  principal  modification  found  nec- 
essary was  the  introduction  of  a  circulating  pump  in  connection 
with  the  water  rheostat.  Outside  of  this  only  minor  changes  were 
made.  The  electrodes  of  the  water  rheostats  were  changed  in  the 
new  locomotive  to   sheet  steel  instead  of  cast  iron,   principally  in 


FIG.    5 — DETAILS   OF   DRIVE   OF   THE   GIOVI   FREIGHT   LOCOMOTIVES 

order  to  reduce  the  cost.     The  master  controller  and  the  auxiliary 
circuits  of  the  control  system  were  somewhat  simplified. 

Recuperation  of  Pozver — Recuperation  of  power  and  electric 
braking  is  considered  to  be  of  great  advantage  in  connection  with 
three-phase  railway  locomotives.  The  locomotives,  as  operated,  are 
always  recuperating  when  going  down  the  grades,  and  the  saving 
accomplished  in  power,  wear  of  brake  shoes,  wheels  and  rails,  is 
quite  appreciable.  In  consequence  of  the  high  efiiciency  of  the 
three-phase  motors  and  the  absence  of  any  other  power  consuming 
apparatus,  like  transformers,  etc.,  the  amount  of  recuperated  energ)' 
is  very  high.  It  was  observed,  for  instance,  that  the  power  recu- 
perated going  down  grade  with  a  certain  train  was  as  high  as  6c 
to  80  percent  of  the  power  consumed  going  up  the  same  grade  with 


ELECTRIFICATION  IN  EUROPE 


%>3 


the  same  train.     It  was  also  observed  that  with  the  operating  con 
ditions  of  the  (iiovi  Hne.  there  is  very  seldom  any  power  wasted 
by  the  water  rheostats  in  the  power  station.     It  was  stated  at  the 
jjower  station  that  this  water  rheostat  is  used  only  about  four  times 
a  day  and  altogether  not  longer  than  about  20  minutes  per  day. 

Misccllancdiis — 'J1ie  double  overhead  wire  and  the  double  pan- 
tagrai)h  do  not  seem  to  give  any  undue  amount  of  trouble.  Tlie 
standard  pantagrajih  adopted  on  the  Italian  roads  is  shown  in  Fig. 
6,  and  one  of  the  air  switches  is  shown  in  Fig.  7. 

FRANCE 

General   Situation — The   principal   electrification  of   France   is 

that  of  the  Midi  Rail- 
ways on  their  line,  Per- 
p  i  g  n  o  n  \'ille-franche, 
which  is  yet  in  the  ex- 
perimental stage.  This 
railroad  at  first  made 
the  same  mistake  as  the 
Prussian  government  by 
permitting  too  much  lib- 
erty in  the  designs.  The 
result  was  that  six  loco- 
motives were  furnished, 
all  of  which  were  very 
much  dillercnt  with  re- 
1,'^arcl  to  general  design 
as  well  as  detail^s-  When 
these  locomotives  ar- 
rived for  tests  the  rail- 
road company  apjiar- 
cntly  realized  the  diffi- 
culty of  keeping  this 
huge  variety  of  appar- 
atus in  running  order. 
They  therefore  can- 
celed the  order  for  three  of  the  locomotives  on  the  ground 
that  the  delivery  of  the  locomotives  and  the  completion  of 
experimental  tests  were  not  in  line  with  the  contract.  Conse- 
quently the  three  locomotives  on  the  ground  are  those  furnished  by 
the  French-Westinghouse  Company,  the  French  Thompson-Hous- 
ton Works  and  bv  the  Teumont  W'orks.     Besides  these  locomotives 
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a  number  of   motor  cars   furnished  Ijy   the   French-Westinghouse 
Company  are  in  operation. 

System  of  Electrification — At  present  the  single-phase  system, 
at  15  cycles,  10  000  or  15000  volts,  is  considered  the  standard  for 
the  trunk  lines  in  France.  There  seems  to  be  some  uncertainty 
among  the  engineers,  however,  as  to  whether  this  system  will  be 
finally  adopted  as  standard.  In  fact,  it  seems  to  be  the  practice 
to  work  up  competitive  propositions  for  single-phase,  three-phase 
and  high  voltage  direct  current.  Altogether  it  seems  that  in  France 
the  electrical  manufacturers  and  engineers  are  not  very  self-confi- 
dent with  regard  to  their 
^  ^  own    analyses,    but    are 

rather  inclined  to  fol- 
low the  American  and 
German  lead. 

Mechanical  D  c  s  i  g  n 
of  Locomotives — T  h  e 
three  locomotives  on  the 
Midi  Railway  have  the 
following  principal  fea- 
tures : — 

I — The  locomotive  of 
t  h  e  French-Westing- 
house Company  has 
gears  and  Scotch  yoke. 
The  mechanical  parts, 
especially  the  bearings 
of  this  locomotive,  have 
given  some  difficulty  in 
the  beginning,  but  these 
difficulties  have  appar- 
ently been  overcome  by 
change  of  the  bearing 
material.  At  the  pres- 
ent time  the  mechanical  parts  of  this  locomotive  are  considered 
entirely  satisfactory  after  a  service  of  about  4000  miles. 

2 — The  Thompson-Houston  locomotive  has  two  large  motors 
driving  two  jackshafts  by  side  rods  which  are  inclined  about  45 
degrees.  The  mechanical  parts  of  this  locomotive  are  fairly  heavy 
and  have  given  satisfactory  results  up  to  the  present. 

2 — The  Jeumont  locomotive  is,  in  its  mechanical  construction, 


FIG.  7 — OVERHEAD  SWITCHES  ON  THE  DOUBLE 
OVERHEAD  TROLLEYS  OF  THE  THREE-PHASE 
ITALIAN   SYSTEM 
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(juitc  similar  to  the  flexible  drive  of  the  New  York,  New  Haven 
and  Hartford  freight  and  switching-  locomotives.  The  spring  drive 
itself,  while  accomplishing  the  same  result  as  on  these  locomotives, 
is  somewhat  different  in  construction.  This  locomotive  is  shown 
in  Fig.  8. 

Motors — The  straight  single-phase  motors  with  resistance 
leads  on  the  locomotive,  as  well  as  the  Westinghouse  motor  cars, 
are  considered  very  satisfactory.  Both  the  French  Thompson- 
Houston  and  the  Jeumont  motors  are  doubly  fed  series  motors, 
very  similar  to  the  Alexanderson  type  of  the  General  Flectric 
Company.  In  both  cases,  centrifugal  devices  have  been  employed 
to  change  the  motor  over  from  a  repulsion  motor  to  a  doubly-fed 


KK..    8 — SINCLK-PHASK    LOCO.MOTIVE   ON    THE    MIDI    KAIl.W.W 

series  motor  at  a  certain  >ik'C(1.  This  arrangement,  in  connectiitu 
with  this  type  of  motor,  seems  to  work  satisfactorily  on  locomo- 
tives. The  commutators  of  all  the  motors  in«licate  that  the  com- 
mutating  characteristics  are  quite  satisfactory. 

.luxiliaty  Apf^aratus  and  Control — The  auxiliary  apparatus 
and  control  of  the  Frcnch-Westinghouse  locomotive  appeareil  to 
be  decidedly  superior  with  regard  t«>  simplicity  and  operating  re- 
sults. The  rhonii)Son-Houslon  control  apparatus,  while  working 
satisfactorily,  appears  to  be  nnich  more  cotuplicatecl  and  iieavier. 
The  control  pari  of  the  Jeumont  loconuitive  luade  the  impression 
of  a  somewhat  complicated  lalK)ratory  arrangement  rather  than 
that  of  an  arrangement   designed   to  operate  a  locomotive.     The 
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motor  speeds  of  this  locomotive  are  controlled  by  means  of  an  in- 
duction regulator  and  drum  switches,  and  the  locomotive  has  a 
total  of  some  ten  motors  for  operating  the  various  devices.  If  it 
is  considered  that  smooth  acceleration  can  be  obtained  by  a  num- 
ber of  unit  switches,  it  seems  absurd  to  introduce  an  induction 
regulator  and  all  its  consequent  auxiliary  apparatus.  The  control 
apparatus  of  the  Jeumont  locomotive  is  said  to  have  operated  sat- 
isfactorily as  long  as  their  engineer  stayed  with  the  locomotive. 
The  locomotive  has  been  inoperative  most  of  the  time  since  it  has 
been  turned  over  to  the  railroad  company,  principally  due  to  fail- 
ures of  the  control. 

Recuperation  of  Power — All  of  the  Midi  locomotives  are  ar- 
ranged for  recuperation  or  at  least  for  electrical  braking,  since  the 
railroad  company  considers  the  saving  of  brake  shoes,  wheels  and 
rails  made  possible  with  electric  braking  of  prime  importance. 

The  locomotive  of  the  French-Westinghouse  Company  was 
originally  designed  for  recuperation  and  a  number  of  experimental 
runs  were  made.  Since  the  time  was,  however,  too  limited  to  affect, 
the  proper  adjustments  and  since  the  railroad  company  did  not  re- 
quire recuperation,  the  locomotives  were  changed  over  for  electrical 
braking  only. 

The  recuperation  scheme  of  the  Thompson-Houston  locomo- 
tive does  not  appear  to  be  a  very  desirable  one,  as  it  requires  a 
very  heavy  induction  coil,  a  heavy  extra  transformer  and  extra 
resistances.  Moreover,  it  is  found  that  the  losses  in  these  parts 
and  in  the  other  apparatus  of  the  locomotive  are  so  great  that 
practically  no  power  is  recuperated  and  that  hardly  anything  but 
electrical  braking  is  accomplished,  in  a  manner  much  more  com- 
plicated than  in  the  case  of  the  Westinghouse  locomotive.  This 
scheme  will  probably  not  be  duplicated  in  the  future. 

The  recuperation  scheme  of  the  Jeumont  locomotive  is  work- 
ing very  satisfactorily.  This  scheme  necessitates  a  couple  of 
small  exciting  motors,  which,  however,  do  not  mean  much  extra 
weight  because  they  are  used  at  the  same  time  for  driving  the 
compressor  and  the  blower.  The  use  of  an  extra  exciting  motor 
instead  of  using  one  of  the  traction  motors  for  excitation,  as  in 
the  Westinghouse  scheme,  is  advantageous,  as  it  leaves  the  full 
ra;ting  of  the  traction  motors  for  the  purpose  of  Ijraking  and  also 
because  it  gives  great  ease  for  properly  regulating  the  excitation. 

The  French-Westinghouse  locomotive  is  at  present  considered 
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to  be  llie  must  desirable  and  orders  have  recently  been  given   for 
additional   equipment. 

SUMMARY 

(Jcneral  Situation — A  general  review  gives  the  impression 
that  many  things  in  Europe  are  about  lu,  or  probably  will  in  the 
future,  follow  the  American  lead,  and  that  a  large  number  of  ar- 
rangements which  in  the  past  have  been  considered  undesirable  in 
this  country   are  being  discarded   in  Europe. 

System  of  Electrification — With  the  exception  of  the  three- 
phase  installation  by  the  Italian-W'estinghouse  Company,  it  seems 
that  the  single-i)hase  system  is  being  adopted  all  over  Europe.  It 
is  to  be  noted,  however,  that  the  European  roads  are  using  a  fre- 
quency of  15  instead  of  25  cycles.  During  the  writer's  visit  the 
news  of  the  phase  converter  locomotive,  as  })roposed  for  the  Nor- 
folk &  Western,  had  not  reached  Europe.  The  introduction  of  this 
type  of  locomotive  may,  of  course,  have  some  influence  upon  the 
choice  of  system  and  frequency  as  well. 

Mechanical  Design  of  Locomotives — The  only  European  lo- 
comotives which  have  I^een  successful  from  a  mechanical  point  of 
view  and  which  give  at  the  same  time  reasonable  weights  use 
either  gear  arrangements  or  the  Scotch  yoke  construction,  or  both, 
and  even  in  Germany  it  seems  that  the  gear  arrangements  will  be 
used,  in  spite  of  much  opposition. 

Motors — All  repulsion  and  Winter-Eichberg  motors  are  being 
abandoned,  and  the  series  motor  is  coming  into  general  use. 

Auxiliary  Apparatus  and  Control — The  general  tendency  is 
now  towards  simple  unit-switch  control.  All  schemes  using  in- 
ductiori  regulators  or  brush  shifting  are  about  to  be  abandoned  for 
trunk  line  work. 

Recuperation  of  Power— On  the  three-phase  systems,  the  re- 
sults obtained  have  been  exceedingly  satisfactory.  Two  schemes 
for  recuperation  on  the  single-phase  system  have  met  with  some 
success,  indicating  that  results  may  be  expected  along  this  line  in 
the  future.  At  present  it  seems,  however,  that  the  phase  converter 
locomotive  is  superior  to  either  of  the  two  systeius  mentioned  above 
where  recuperation  is  of  importance. 


THE  SELECTION  OF  ELECTRIC  LOCOMOTIVES 

L.  M.  ASPINWALL 

IN  THE  PRESENT  state  of  the  art  of  electric  locomotive  build- 
ing it  is  not  necessary  to  ask  the  question,  "Will  it  do  the  work 
as  well  as  a  steam  locomotive?"  as  any  doubt  can  be  set  at  rest 
in  the  most  satisfactory  manner  by  an  inspection  of  some  of  the 
many  installations  where  the  electric  locomotives  are  daily  per- 
forming the  work  previously  done  by  steam  locomotives.  Before 
selecting  an  electric  locomotive,  however,  it  is  essential  that  careful 
consideration  be  given  to  the  determination  of  the  type  of  machine 
best  suited  to  the  conditions,  as  the  future  success  of  installation 
depends  largely  on  the  good  judgment  exercised  in  this  selection. 
Generally  speaking,  locomotive  service  can  be  divided  into  three 
general  classes :  switching,  interurban  and  main  trunk  line  service 
In  switching  service  the  locomotive  is  used  to  haul  cars  in  the  yard? 
of  an  industrial  plant,  in  railroad  terminals  or  equivalent  service ; 
for  interurban  service  the  locomotive  should  be  suitable  for  general 
light  haulage  on  trolley  lines  between  cities,  usually  in  connection 
with  passenger  car  service ;  while  main  trunk  line  locomotives  are 
used  to  haul  freight  or  passenger  trains  equivalent  to  those  handled 
by  steam  locomotives  on  the  main  arteries  of  traffic  between  the 
great  commercial  centers.  Each  one  of  these  classes  calls  for  a 
different  type  of  locomotive  in  order  to  perform  the  service  in  the 
most  efficient  manner.  Knowing  the  class  of  service  required  of 
a  locomotive,  it  is  then  necessary  to  lay  out  the  service  conditions 
in  such  a  manner  that  the  capacity  of  the  machine  required  can 
readily  be  determined. 

SWITCHING  SERVICE 

If  the  locomotive  is  to  be  used  for  switching  service  the  gen- 
eral essential  characteristics  are  as  follows : — 

1 — High  tractive  efifort  relative  to  the  output. 

2 — Aloderate  speed. 

3 — Sufficient:  weight  to  handle  the  maximum   train. 

4 — Running  gear  adapted  to  negotiate  poor  track  conditions  and  capa- 
ble of  rounding  sharp  curves. 

5 — Cab  constructed  to  give  a  clear  view  of  the  track  for  either  direc- 
tion of  operation. 

6 — Current  collectors  which  permit  the  operation  of  the  locomotive  in 
eitlier  direction  without  attention. 

Tractive  Effort  and  Speed — In  order  to  obtain  the  condition 
of  high  tractive  efifort,  it  is  generally  necessary  to  employ  the  maxi- 
mum gear  reduction  which  can  be  used  on  commercial  motors,  and 
this    reduction    will    generally    fulfill    the    second    requirement    of 
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moderate  speed.  'Ihe  lower  the  sj)eed  at  which  a  given  train  i- 
liandled,  the  lower  tlic  i)eal<  load  will  be  on  the  i)ower  house;  but 
it  should  be  remembered  that  even  for  switching  service  it  is  not 
desirable  to  carry  the  idea  of  low  speed  to  extremes,  as  it  is  quite 
possible  to  have  the  speed  of  a  locomotive  so  low  that  it  could  n<'t 
he  used  for  making  ''flying  switches"  or  for  "kicking  cars,"  as  is 
often  essential  in  switching  service.  For  tiiis  reason  locomotives 
with  special  double  reduction  gearing  arc  not  to  be  recommended, 
except  under  peculiar  conditions. 

The  Required  Weight  of  a  switching  locomotive  is  determined 
in  the  same  manner  as  it  is  for  other  kinds  of  service,  that  is  by  fiic 
maximum  train  to  be  handled  and  the  track  conditions  where  tlie 
locomotive  is  to  be  operated.  If  the  locomotive  is  to  operate  on 
level  track  only,  a  rough  and  ready  method  of  determining  the 
required  locomotive  weight  is  to  multiply  the  weight  in  tons  of  the 
maximum  train  to  be  handled  by  0.04  an<l  the  result  will  give  the 
weight  in  tons  of  the  locomotive  which  will  be  required  to  start  and 
accelerate  the  assumed  maximum  train  at  approximately  one-tenth 
of  a  mile  per  hour  per  second  on  a  straight,  level  track.  If  the 
locomotive  is  to  be  used  to  handle  cars  over  a  "switching  hump"  or 
on  other  grades,  due  allowance  should  be  made,  and  the  weight  "T 
the  locomotive  increased  in  proportion. 

Running  Gear — The  simplest  form  of  miming  gear  that  can  be 
built  is  the  two-axle  rigid  frame  type.  This  consists  of  two  axles 
running  in  journals  which  are  carried  in  pedestals,  secured  rigidly 
to  the  locomotive  frame.  Where  only  a  few  cars  are  to  be  handled 
and  where  the  curves  to  be  negotiated  are  of  generous  radius,  this 
type  of  locomotive  can  be  used  advantageously.  This  is  certainly 
the  cheapest  form  of  machine  that  can  be  jiroduced.  However, 
average  switching  service,  up  to  and  including  the  heaviest  classes  of 
this  work,  is  usually  best  handled  by  a  locomotive  of  the  well- 
known  swivel-truck  type.  This  type  of  locomotive  allows  great 
flexibility  of  equipment  and  can  be  built  for  practically  any  ordinary 
conditions  of  switching  service. 

Cab  Construction—] .ong  experience  has  shown  that  the  best 
form  of  cab  for  an  electric  switching  locomotive  is  the  well-known 
"Steeple  Type."  This  construction  embodies  a  full  height  of  cab 
in  the  center  of  the  locomotive  and  short  sloping  hoods  at  each  end. 
Tt  was  formerly  the  practice  to  make  the  center  of  the  cab  compara- 
tively short  and  the  hoods  of  gener<»us  proportions,  so  that  all  of 
the  apparatus  could  be  located   in  them.     This  latter  arrangement 
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had  the  advantage  of  leaving  the  central  cab  clear  of  apparatus,  but 
it  has  been  found  by  experience  that  this  advantage  is  far  out- 
weighed by  the  disadvantage  of  having  the  apparatus  under  the 
hoods  where  it  was  relatively  inaccesible  and  usually  considerably 
crowded.  The  best  accepted  practice  is  to  make  the  main  cab  of 
ample  dimensions,  so  that  the  apparatus  can  all  be  mounted  in  it  in 
such  a  manner  as  to  be  thoroughly  accessible  from  all  sides ;  and  to 
make  use  of  the  small  end  hoods  for  the  compressors  (and  the 
blowers  when  they  are  used),  the  noise  of  which  is  more  or  less 
objectionable   in   the   main   cab.     This   arrangement   places   the   ap- 


FIG.    I — SWIVEL   TRUCK    ELECTRIC   LOCOMOTIVE 

For  switching  and  light  freight  service. 

paratus  where  it  is  under  the  eye  of  the  motorman  or  attendant  at 
all  times  and  where  it  can  easily  be  inspected  and  overhauled.  A 
photographic  view  of  a  typical  modern  switching  locomotive  is 
shown  in  Fig.  i. 

The  Current  Collectors  for  a  switching  locomotive  are  a  very 
important  item,  as  a  great  deal  of  time  is  wasted  if  the  collector  tct 
quires  constant  attention.  Undoubtedly  the  best  form  of  collector 
which  has  been  developed  for  this  service  with  overhead  construe 
tion  is  the  pneumatically-operated  pantagraph  trolley.  Such  a  col- 
lector, mounted  on  a  switching  locomotive,  is  shown  in  Fig  2.  In 
order  to  be  able  to  use  this  type  of  collector  it  is  essential  that  the 
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overhead  construction  be  installed  in  such  a  manner  as  to  permit 
the  use  of  a  sliding  contact.  It  frefjuently  happens  that  the  locomo- 
tive must  also  be  able  to  operate  between  several  switching  yards 
where  standard  overhead  trolley  construction  is  used  and.  in  such 
cases,  it  is  necessary  to  add  a  wheel  trolley  in  addition  to  the 
pantagraph. 

Brakes — If  the  locomotive  is  only  to  handle  a  few  cars,  and 
brakes  are  to  be  used  on  the  locomotive  only,  the  simple  "straight 
air  brake"  will  be  the  cheapest  and  simplest  to  install.  If  the  loco- 
motive is  to  handle  trains  of  considerable  size  and  the  brakes  arc 
to  l)e  operated  on  the  cars,  an  "automatic  air  brake"  is  e^senti:;! 


FIG.    2  -SWITCHING    I.OCOM{)TI\T.    KQUIPPF.D    WITH     PA  NTACK.M'U     TKOI.I.l  V 
INTEKlkH.W     LOCOMOTIVES 

It  is  frequently  found  that  interurban  trolley  lines  increase 
their  earnings  by  the  handling  of  light  freight  traffic  in  addition  to 
passenger  service.  There  is,  therefore,  a  demand  for  locomotives  of 
medium  size  which  can  handle  light  weight  trains  at  a  fairly  high 
speed  under  standard  trolley  line  construction.  Such  machines  arc 
generally  classed  under  the  head  of  interurban  locomotives.  Their 
essential  characteristics  are  as  follows: — 

I — Mddcratf  tractive  effort  relative  to  the  output. 

2 — Comparatively    higli    speeds. 

3 — Sufficient   weight  to  handle  maximum   trains  of   seven  >>r  eiglit   cars. 

4 — Running  gear  suitable  for  safe  operation  at  maximum  speeds  of  40 
miles  per  hour. 

5 — Current  collectors  capable  of  operation  with  standard  trolley  con- 
struction, and  capable  of  collecting  comparatively  large  currents. 
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Speed — Loconiolives  used  in  this  class  of  service  must  operate 
either  between  passenger  cars  in  the  regular  daily  service  or  must 
operate  at  night  when  the  passenger  service  is  infrequent,  but  in 
either  case  they  must  have  sufficiently  high  speed  to  enable  them  to 
keep  out  of  the  way  of  the  passenger  cars.  This  generally  means 
that  the  locomotive  is  geared  so  as  to  operate  light  at  a  maximum 
speed  of  about  forty  miles  per  hour. 

Running  Gear — The  swivel  truck  type  of  running  gear  is  suit- 
able for  locomotives  of  this  class  where  maximum  speeds  of  not 
more  than  forty  miles  per  hour  are  required,  but  it  is  desirable  to 
have  a  greater  distance  between  truck  centers  than  is  employed  in 
switching  service  in  order  to  give  better  riding  qualities. 

There  is  no  sharp  dividing  line  betwen  this  type  of  locomotive 
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I-'IG.    3 — HIGH     SPEKD    PASSENGER    LOCOMOTi\;. 

This  machine  is  capable   of   operating  at  speeds  up 
to  seventy  miles  per  hour. 

and  the  switcher  locomotive,  the  principal  difference  usually  being 
in  the  gear  ratio,  the  truck  wheel  base,  and  the  distance  between 
truck  centers.  It  quite  frequently  happens  that  the  switching 
service  and  the  interurban  service,  on  a  given  line,  are  such  that  a 
locomotive  can  be  selected  of  such  dimensions,  capacity  and  gear 
ratio  that  it  can  be  used  as  an  all  around  road  unit  with  satisfactory 
results.  Occasionally  an  interurban  line  forms  a  connectinig  link 
between  steam  lines  and  a  locomotive  is  required  to  handle  a  few 
passenger  cars  at  a  high  schedule  speed  requiring  a  maximum  of 
sixty  miles  per  hour  or  more.     In  a  case  of  this  kind   it   is  ad- 
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visable  to  pru\  itlc  the  loconiolivc  trucks  with  puny  wheels,  so  as 
to  insure  better  tracking  characteristics  at  high  speed.  A  locomo- 
tive of  this  type  is  shown  in  Fig.  3. 

In  order  to  handle  seven  or  eight  freight  cars  at  a  speed  of 
twenty  or  thirty  miles  per  hour  on  level  track,  maximum  currents 
of  700  amperes  or  more  will  have  to  be  taken  from  the  line  during 
acceleration,  and  it  is  thus  frequently  necessary  to  use  tw^o  trolley 
wheels  in  tandem.  The  air  brake  equipments  should  be  of  the  auto- 
matic type  and  the  compressors  of  ample  capacity  to  handle  the 
brakes  on  all  the  cars  in  the  maximum  train. 

The  remarks  relative  to  cabs  and  the  arrangement  of  apparatus 
on  switcher  locomotives  a])ply  equally  well  to  machines  of  the  in- 
iLTurban  class. 

MAIN  TRUNK  LINE  LOCOMOTIVE.S 

When    locomotives    suitable    for    main    trunk    line    service   are 
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considered,  the  field  is  so  large  and  the  conditions  so  diversified 
that  it  is  imi)ossible  in  a  short  space  to  more  than  touch  on  a  few 
of  the  important  features. 

Main  line  service  can  be  divided  broadly  into  freight,  passenger 
and  pusher  service.  For  average  freight  service  conditions  on  a 
main  line,  a  locomotive  should  be  able  \.o  haul  trains  of  i  500  tons 
or  more,  operate  at  maximum  speeds  of  approximately  fifty  mdc 
per  hour,  and  be  in  general  of  very  rugged  construction  so  as  to 
stand  up  under  severe  service  conditions. 

On  account  of  the  heavy  (lraw-l>ar  pulN  which  have  to  be  ex- 
erted by  such  locomotives,  it  is  common  practice  to  construct  them 
with  articulated  trucks;  that  is,  trucks  which  are  coupled  together 
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and  which  are  provided  with  couplings  for  connecting  directly  to  the 
train,  so  that  the  draw-bar  pull  does  not  have  to  be  exerted  through 
the  center  pins  and  cab  framing.  Where  the  locomotives  are  to  be 
used  only  for  slow  freight  service  two  trucks,  each  provided  wiHi 
two  driving  axles,  usually  constitute  a  satisfactory  arrangement  of 
running  gear.  If  they  are  to  be  used  in  fast  freight  service,  guiding 
or  pony  wheels  should  be  added  on  the  trucks. 

Sometimes  the  conditions  of  freight  and  passenger  service  are 
such  that  an  all-around  locomotive  can  be  used  with  fairly  satis- 
factory results  for  both  classes  of  service ;  this,  however,  is  the 
exception.  As  a  usual  thing  if  a  locomotive  is  geared  for  high 
enough  speed  to  meet  with  the  passenger  service  requirements  and 
at  the  same  time  is  capable  of  giving  the  maximum  draw-bar  pull 
required  for  freight  service,  the  size  and  capacity  necessary  is  pro- 
hibitive. There  is  no  sharp  line  of  distinction  between  the  running 
gear  of  a  high-speed  freight  locomotive  and  that  of  a  passenger 
locomotive,  and  in  fact  several  different  forms  have  been  developed 
whicfe  can  be  used  advantageously  for  either  class  of  service  with 
suitable  equipment.  A  locomotive  of  a  t3'pe  which  is  admirably 
suited  for  either  freight  or  passenger  service  is  shown  in  Fig.  4. 
This  can  fairly  be  considered  as  typical  of  the  best  form  of  main 
line  locomotive  being  constructed  today. 

On  account  of  the  size  and  capacity  of  the  motors  and  control 
equipment  it  is  generally  found  advisable  to  use  the  full  length 
of  cab  (or  box  cab,  as  it  is  termed)  in  order  to  house  this  ap- 
paratus properly.  The  central  arrangement  of  apparatus  with  a 
compartment  for  the  engine  driver  in  either  end  of  the  cab  has 
proved  most  advantageous. 

No  attempt  has  been  made  in  this  article  to  discuss  the  merits 
of  the  various  systems  extant,  as  applied  to  the  different  classes  of 
service,  as  so  many  different  conditions  enter  into  the  problem  that 
each  case  should  be  considered  individually.  As  far  as  the  locomo- 
tive itself  is  concerned,  it  has  been  demonstrated  that  either  the 
direct-current  or  the  single-phase  equipment  is  able  to  handle  the 
most  severe  conditions  of  service  that  are  encountered  in  modern 
steam  locomotive  practice. 


INSPECTION  OF  RAILWAY  APPARATUS 

L.  E.  SCHUMACHER, 
Chief  Inspector,  Westlnghouse  Electric  &  Mfg.,  Company 

IX  order  to  insure  the  successful  operation  of  railway  apparatus 
after  it  is  installed  and  put  into  operation,  careful  inspection  is 
necessary  throughout  the  process  of  manufacture.  In  large 
manufacturing  concerns  the  duty  and  resix)nsibility  of  seeing  that 
all  materials  and  parts  are  properly  inspected  is  usually  delegated 
to  a  separate  department  known  as  the  inspection  department.  This 
department  is  composed  of  men  who  have  had  considerable  practical 
experience,  not  only  in  the  manufacture,  but  also  in  the  operation 
of  products. 

For  the  inspection  of  electric  railway  equipment  it  is  customary 
to  select  men  from  the  winding  and  machining  departments  of  the 
factory,  from  operating  companies  and  from  other  manufacturers 
of  railway  apparatus.  Inspection  work  may  be  sub-divided  into  sev- 
eral sections,  such  as,  raw  materials  inspection,  coil  assem))ling  and 
insulation,  and  the  machining  of  parts  and  assembling  for  final  ship- 
ment. The  inspectors  in  charge  of  these  divisions  report  directly  to 
the  foreman  of  inspectors  whose  duty  it  is  to  keep  in  close  touch 
with  all  parts  of  the  apparatus  handled  in  his  division,  and  take  up 
any  i|uestionable  jx)ints  that  may  come  up,  with  the  sales,  engineer- 
ing or  works  departments.  The  foremen  of  inspectors  report  to 
the  chief  insj)ect()r. 

In  outlining  methixls  of  inspection,  the  practice  of  the  com- 
l)any  with  which  the  writer  is  connected  has  been  used  to  a  certain 
extent  as  a  means  of  indicating  the  great  variety  of  detail  work 
required  of  an  inspection  department. 

KAILW.W    MOTORS 

In  taking  up  the  inspection  of  raw  materials  for  railway 
motors,  all  of  the  material,  except  axle  steel,  is  inspected  on  its 
arrival  at  the  works,  and  checked  with  the  specifications  and  in- 
fiirmation  from  which  it  is  ordered.  The  axle  steel  is  inspected  at 
the  supplier's  plant,  and  physical  and  chemical  tests  are  made  and 
forwarded  to  the  insi>ect(>r  for  api)roval,  before  this  material  is 
->hipi)ed. 

Copper  coils  are  made  on  formers,  then  checked  to  dimensions, 
and  are  given  an  insulation  test  before  the  winding  operations  in 
order  to  insure  their  satisfactory  operation  after  being  assembled 
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m  the  apparatus.  In  the  inspection  of  the  machining  operations,  it 
is  necessary  to  have  first  class  mechanics  as  inspectors  in  order  to 
be  sure  that  the  machined  parts,  such  as  frames,  housings,  etc.,  are 
accurately  machined  to  proper  dimensions. 

In  the  inspection  of  frames,  the  bore  is  checked  carefully  to  be 
sure  that  the  motor  will  have  the  correct  air-gap  when  finally  as- 
sembled. The  bores  for  the  housings  are  also  checked  carefully, 
this  point  being  of  special  importance  on  split-type  motors.  The 
drilling  of  the  frame  in  regard  to  location  of  stud  holes  and  wire 
cleat  bolt  holes  is  checked  carefully,  as  this  has  a  direct  bearing  on 
the  running  of  the  motor  on  the  neutral  point  and  the  proper 
anchoring  of  the  cables. 

Gear  cases  are  checked  for  fit  along  the  parting  lines  and  the 
clamping  fit  on  the  supports.  Each  gear  case  is  fitted  to  a  motor 
which  has  been  checked,  and  the  clearance  inside  for  gear  and 
pinion  is  checked  with  a  gauge.  In  checking  up  the  housings,  the 
JDore  is  checked  carefully  to  insure  that  the  bearings  will  fit  tight 
for  outside  diameter.  This  is  to  insure  a  tight  fit  of  the  gearing  and 
the  distance  from  the  bearing  collar  to  flange  is  checked  so  that  the 
armature  will  have  the  proper  amount  of  end  play.  All  of  the  hous- 
ings are  examined  carefully  for  leaks  with  carbon  oil. 

Bearings  are  checked  carefully  for  outside  diameter  to  insure 
a  tight  fit  in  the  housing;  the  collar  thickness  also  being  checked,  as 
this  governs  the  end  play,  and  each  bearing  is  gone  over  after  it  has 
been  babbitted  and  the  bore  checked  for  size  with  a  plug  gauge. 
Particular  attention  is  paid  to  the  condition  of  the  babbitt,  samples 
being  taken  from  the  babbitt  pots  at  regular  intervals,  and  for- 
warded to  the  chemical  laboratory,  where  tests  of  the  samples  are 
made  and  the  condition  of  the  babbitt  reported. 

In  turning  up  and  grinding  ofif  the  shafts,  the  diameter  of  the 
journals  and  all  fits  are  checked  carefully  by  the  inspector,  special 
attention  being  given  to  the  taper  fit  for  the  pinion.  The  taper  fi' 
for  the  pinion  is  ground  to  gauge,  and  each  individual  fit  is  checked 
with  a  gauge  and  ink.  The  threads  for  the  pinion  nut  receive 
special  attention,  being  machined  over  size  and  finished  to  size  with 
a  hand  die  after  the  motor  has  been  completely  assembled  and 
tested.  It  has  been  found  that  this  practice  has  eliminated  prac- 
tically all  trouble  with  loose  pinion  nuts. 

In  checking  up  the  armature  spiders,  the  bore  is  checked  by  the 
inspector  to  correspond  to  the  size  shaft   required,  and  al«;()  as  a 
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means  of  detennining  the  proper  tons  pressure  for  pressing  on  the 
shaft.  The  outside  diameter  of  the  spider  is  ground  according  to 
the  size  of  the  die  used  to  punch  the  laminations.  Special  attention 
is  paid  in  the  building  up  of  the  laminations  to  make  them  as  tight 
as  possible  on  the  spider  or  shaft,  and  to  provide  the  proper  clear- 
ance for  the  insulation  on  the  end  bells  and  coil  supports.  After 
the  iron  has  been  built  on  the  spider  or  shaft,  it  is  inspected  for 
projecting  laminations  and  the  corners  at  the  end  of  the  slots 
rounded.  After  this,  all  cores  are  balanced  and  the  shaft  tested  to 
make  sure  that  it  is  perfectly  straight. 

In  winding  of  the  armatures,  the  inspector  checks  up  the  actual 
operation  of  winding  and  connecting  to  prevent  excessive  pounding 
of  the  insulation  by  workmen  or  the  use  of  metal  drifts  in  driving  the 
coils  into  place  in  the  slots.  This  is  an  important  point,  as  any  nicks 
are  liable  to  cause  the  breaking  of  the  leads,  due  to  vibration.  The 
inspector  also  checks  armatures  for  length  between  journals,  and 
the  distance  from  rear  wiper  ring  to  front  of  commutator  bar,  and 
the  diameter  of  the  banding  over  the  winding.  The  bands  over  the 
winding  must  not  exceed  the  diameter  of  the  armature  iron,  and 
are  all  checked  for  size;  also  for  soldering.  After  the  armatures 
are  completed  they  are  all  given  a  test  for  short  circuit  ^nd  open 
circuit  before  being  forwarded  from  the  winding  department  to  the 
assembling  department. 

In  the  building  of  commutators,  the  mechanical  checking  con- 
sists in  checking  the  bore  of  the  ring  and  bush  with  pin  gauges,  the 
checking  of  the  angles  of  the  V's  on  the  ring  and  bush  with  gauges, 
the  checking  of  the  over-all  length  of  the  assembled  commutator,  the 
thickness  of  the  necks,  commutator  bars  and  the  outside  diameter 
of  the  neck  and  brush  face  of  the  commutator.  The  inspector  also 
notes  the  alignment  of  the  bars  with  the  center  line  of  the  bore,  the 
position  of  the  bars  with  regards  to  the  keyway,  the  size  of  the  slots 
in  the  necks,  and  their  position  as  regards  proximity  to  the  edge  of 
the  bar.  Each  commutator  is  also  given  a  ground  test  and  test  for 
short  circuits  between  bars  before  it  is  shipped  from  the  comiuutatoj 
department. 

In  the  assembling  department  an  inspection  is  made  of  the  con- 
dition of  the  inside  of  the  frame  casting,  as  regards  rough  sjjots  and 
proper  coil  clearance,  before  the  coils  are  assembled  in  the  frame. 
After  the  coils  are  assembled  another  inspection  is  made  which 
checks  the  anchoring  of  the  cables,  the  position  of  the  brush-holders 
in  relation  to  the  center  of  the  {wles,  the  condition  of  the  coils  as 
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regards  proper  spring  tension  to  hold  them  sohdly  against  the  poles ; 
also  the  general  condition  of  the  wiring,  taping  and  banding.  After 
the  armature  is  assembled  in  the  frame,  a  check  is  made  to  be  sure 
that  the  armature  turns  freely  in  the  bearings,  the  end  play  is  not 
excessive,  the  brush  holders  have  the  proper  clearance  over  the  com- 
mutator necks,  and  that  the  commutator  bush  or  ring  clears  the  end 
housings  enough  to  allow  the  proper  end  play. 

After  the  motors  are  assembled  they  are  forwarded  to  the 
testing  department,  where  each  motor  is  tested  and,  after  being 
passed  as  satisfactory,  returned  to  the  finishing  stands,  where  an 
inspection  is  made  covering  the  fit  and  alignment  of  the  axle  ])ear- 
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ings,  the  proper  application  of  pinions,  both  as  regards  size  of 
pinions  and  workmanship,  and  a  test  for  loose  brush  holders.  A 
check  for  the  proper  gear  case  clearance  is  made  at  this  time  by 
applying  a  test  gear  case. 

Before  the  motor  is  shipped  from  the  finishing  stand,  it  is  gone 
over  by  the  inspector  and  a  final  check  taken  in  accordance  with  the 
information  on  the  stock  order.  All  information  in  regard  to  ap- 
paratus returned  to  the  manufacturing  sections  for  further  work, 
etc.,  is  tabulated  on  a  report  form  such  as  shown  in  Fig.  i.  This  is 
turned  over  to  the  foreman  of  inspectors,  who  forwards  it  to  the 
inspection  office,  where  it  is  tabulated  on  a  larger  form.  Fig.  2,  and 
forwarded  to  the  superintendent  of  the  department  interested.    This 
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keeps  the  Mipcriiiteiident  in  close  touch  with  the  number  of  pieces 
returned  on  account  of  defects  or  uncompleted  work. 

SWITCH  GROUPS 

In  the  inspection  of  switch  groups  and  line  switches,  the  ma- 
chining of  the  frame  is  carefully  checked  in  regard  to  the  depth  and 
position  of  the  air  supply  holes ;  also  to  be  sure  that  the  frame  is 
machined  square,  and  that  the  overall  length  is  exact.  The  base 
plates  are  checked  for  overall  length  and  for  the  correct  thickness ; 
this  being  necessary  as  the  proper'  contact  between  the  switch  and 
the  terminal  bolt  depends  on  the  thickness  of  the  base  plate.  Each 
cylinder  is  checked  for  depth  of  bore  with  special  gauges  for  this 
work,  and  gone  over  to  be  sure  that  the  surface  of  the  bore  is 
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smooth,  as  the  life  of  the  leather  and  efficiency  of  the  cylinder  de- 
pends on  this  point. 

Magnet  brackets  are  checked  carefully  in  regard  to  the  location 
and  depth  of  the  iioles  ft)r  the  valve  bushing>.  The  suspension  sur- 
face is  checked  for  accurate  machining,  for  if  this  is  not  correct  the 
magnet  end  will  not  engage  the  angle  support  on  the  front  of  tlic 
grouj)  properly,  and  is  very  liable  to  break  the  bracket  or  cause 
an  air  leak.  The  magnet  bracket  is  then  given  a  careful  test  for 
air  leaks  and  magnets  are  checked  for  operation  at  the  projici 
voltage.  The  air-gap  is  not  allowed  to  vary  more  than  plus  or  mimi- 
o.(X)i  inch,  thereby  insuring  the  correct  oj)eration  of  the  magnet. 
The  travel  of  the  piston  is  checked  carefully  with  special  gauges,  a- 
this  p<iint  is  directly  responsible  for  the  proper  contact  between  the 
switch  jaws. 


loio  THE  ELECTRIC  JOURNAL 

In  checking  the  switches,  special  gauges  are  used  for  checking 
the  drilHng  and  machining  of  all  switch  parts.  This  insures  satis- 
factory operation  after  the  switches  have  been  assembled.  The 
switch  groups  and  line  switches  are  inspected  at  different  times  dur- 
ing the  process  of  assembling,  and  after  being  assembled  the  control 
wiring  is  checked  both  as  to  the  location  of  the  wires  and  the  mark- 
ing of  the  terminal  clips.  The  groups  are  given  an  insulation  test 
and  then  forwarded  to  the  testing  department,  where  each  is  tested 
and,  if  satisfactory,  returned  to  the  manufacturing  section,  where  it 
is  inspected  for  the  proper  fitting  of  covers,  marking,  paint- 
ing, etc. 

CONTROLLERS 

In  inspecting  the  master  controllers,  particular  attention  is  paid 
to  the  overall  dimension  from  top  of  the  base  to  the  bearing  for  the 
shaft  on  the  bottom  in  order  to  be  sure  that  there  is  no  lost  motion 
in  the  drum.  The  drilling  of  all  holes  for  holding  the  finger  board 
is  checked  to  make  sure  that  the  fingers  have  the  required  pressure 
on  the  drum.  After  assembling,  a  general  inspection  is  given  the 
finished  controller  to  insure  the  correct  mechanical  operation.  In 
checking  the  jumpers  and  receptacles,  each  jumper  and  receptacle 
is  inserted  in  a  master  receptacle  or  jumper  head  and  lighted  out,  to 
be  sure  that  the  leads  are  connected  properly.  Before  they  are 
turned  into  stock,  they  are  also  given  the  same  insulation  test  as  the 
switch  groups. 

LOCOMOTIVES 

A  number  of  inspectors  are  required  to  take  care  of  the  in- 
spection of  the  mechanical  parts  of  mining  and  main  line  locomo- 
tives. These  inspectors  check  up  each  part  of  the  locomotive  dur- 
ing the  process  of  manufacture.  On  the  larger  locomotives,  after 
the  mechanical  parts  have  been  completed  and  checked  by  inspectors, 
the  electrical  apparatus  is  installed.  Before  beginning  work  on  the 
electrical  equipment,  a  general  inspection  is  made  for  missing  parts, 
etc.,  the  condition  of  the  journals  noted,  gears  inspected,  the  wheels 
and  axles  of  trucks  of  the  quill  drive  type  have  the  wheels  and 
axles  removed,  and  checked  for  the  proper  tire  tread,  and  correct 
clearance  of  the  pedestal  boxes.  The  wheels  are  also  checked  at  this 
time  for  quartering  to  insure  the  proper  distribution  of  the  strains. 
The  draw-bars  are  checked  to  insure  the  correct  height  and  proper 
clearance.     After  the  cab  is  placed  on  the  trucks,  and  the  electrical 
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equii)nient  installed,  the  brake  rigging, 
air  jiiping  and  conduit  is  gone  over 
carefully,  all  wiring  is  gone  over  and 
checked  out,  and  the  finished  cab  is 
given  a  final  and  complete  inspection. 
Before  the  locomotive  is  turned  over 
for  test,  the  air  brake  system  is  tested, 
and  the  control  system  is  checked  by 
going  through  a  sequence  of  switches, 
noting  the  correct  operation  of  each 
individual  piece  of  apparatus.  The 
locomotive  is  then  given  an  insulation 
test  and  turned  over  to  the  testing  de 
partment.  After  the  locomotive  ha? 
been  returned  as  satisfactory,  it  is 
gone  over  again  to  check  up  any  de- 
fect that  may  have  developed  during 
test,  and  another  test  is  made  on  the 
air  system.  After  this  is  done  a  final 
insulation  test  is  made  and  the  loco- 
motive is  ready  for  shipment. 

SUMM.\RIZING 

When  apparatus  is  found  defective 
on  test  the  testing  department  make 
out  a  report  such  as  in  Fig.  3  ;  making 
an  original  and  two  carbons.  The 
original  is  forwarded  to  the  chief  in 
spector's  otlfice ;  one  copy  is  forwarded 
to  the  section  performing  the  work, 
and  the  other  is  retained  in  the  testing 
department  for  reference.  The  fore- 
man of  inspectors  takes  up  each  case 
of  defective  apparatus  and  decide^ 
where  the  defect  was  due,  to  de- 
fective manufacture  or  engineering, 
reporting  on  his  copy  of  the  report 
which  is  sent  to  the  inspection  otTice 
These  reports  are  tabulated  on  a 
monthly  rejxirt,  Fig.  4.  showing  the 
number  of  machines   found  defective 
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on  test  during  the  month,  due  either  to  defective  manufacture  or 
design.     A  copy  of  this  report  is  forwarded  to  all  intersted  parties 
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in  the  engineering  and  manufacturing  departments,  in  order  that 
they  may  keep  in  close  touch  with  the  actual  condition  of  the 
apparatus. 


SOME  FEATURES  IN   MOTOR  DESIGN  FOR 
LOW    FLOOR  CARS 

F.  W.  McCLOSKEY 

TTIR  design  of  electrical  equipment  for  low-floor  cars  had  its 
inception  about  three  years  ago,  when  the  Pittsburgh  Rail- 
ways Company  equipped  one  of  its  trailer  cars  of  the  low- 
floor  type  with  motors  and  control  and  placed  it  in  regular  serv- 
ice. The  design  of  this  equipment  presented  a  number  of  difticull 
problems  in  electrical  and  mechanical  details,  all  of  which  were 
finally  worked  out  for  this  particular  car.  During  the  past  three 
years  development  has  progressed  rapidly,  and  the  difficulties  relat- 
ing to  the  general  design  have  for  the  most  part  been  overcome. 
Whatever  drawbacks  are  still  present  may  be  considered  as  being 
more  than  balanced  by  the  inherent  advantages  of  this  type  of  car. 
The  design  of  the  low-floor  car  is  characterized  by  light  weight, 
simplicity  of  construction  and  convenient  arrangement  for  loading 
and  unloading  of  passengers.  As  such,  it  has  an  advantage  over  the 
ordinary  types  because  of  the  lower  cost  of  maintenance  and  the 
saving  in  power  consumption  due  to  its  light  weight.  These  ad- 
vantages are  especially  marked  in  city  service. 

GENERAL  LAYOUT 

In  the  low-floor  car  the  space  available  for  the  motors  is 
greatly  reduced  as  compared  with  the  standard  33-inch  wheel  truck, 
the  distance  between  the  rail  and  the  car  floor  being  less  than  in  the 
ordinary  type  by  8  to  12  inches.  This  means  that  the  space 
for  motors  is  less  by  an  amount  varying  from  10  to  20  percent. 
Further,  the  clearance  between  the  bottom  of  the  motor  frame  and 
the  rail,  being  determined  by  the  amount  of  wheel  wear  permissible 
and  the  clearance  required  for  safety,  is  normally  about  the  same  as 
in  the  ordinary  type  of  car.  Also  the  distance  between  the  motor 
frame  and  car  body,  being  determined  by  the  space  required  for 
brake-rods  and  facility  for  inspection  of  motor  brushes,  commuta- 
tor, etc.,  is  also  practically  the  same  as  in  the  ordinary  types.  It  is 
thus  apparent  that  no  material  gain  can  be  expected  from  these 
quarters,  and  that  a  motor  to  fit  the  requirements  must  be  of  con- 
siderably smaller  barrel*  diameter  than  ordinarily  would  be  the  case. 

MOTOR   EFFICIENCY 

The  princijial  factor  which  determines  the  electrical  efficiency 


*MaximuiTi  outside  diameter  of  motor  frame. 


1014 


THE  ELECTRIC  JOURNAL 


of  a  railway  motor  is  the  amount  of  copper  loss  This  is  particularly 
true  at  the  hour  or  nominal  rating,  which  is  approximately  the  rate 
at  which  a  railway  motor  takes  power  while  accelerating  the  car 
As  the  accelerating  periods  in  city  service  constitute  a  large  per- 
centage of  the  total  time  of  operation,  the  copper  loss  during  these 
periods  is  of  prime  importance. 

Armature — The  amount  of  copper  loss  in  the  armature  de- 
pends very  largely  upon  the  diameter.  For  a  given  horse-power 
and  armature  speed,  decreasing  the  diameter  requires  a  correspond- 
ing increase  in  the  length  of 
core,  and  hence  of  the  copper 
lying  within  the  core.  The  ef- 
fect upon  the  length  of  copper 
extending  beyond  the  core  at 
each  end  depends  upon  the  par- 
ticular case  considered.  For 
very  small  diameters  the  ends 
of  the  coils  must  be  greatly  ex- 
tended to  obtain  sufficient  room 
circumferentially.  Also,  for 
large  diameters,  the  ends  of 
coils  must  be  greatly  extended 
because  of  the  long  throw  of 
the  coil.  The  relations  involved 
are  shown  in  Fig.  i.  On  their 
respective  coordinates,  lOO  per- 
cent represents  the  armature 
diameter  and  the  total  length 
of  armature  copper  for  which 
the  copper  loss  in  the  armature 
winding  is  a  minimum.  Curve 
C,  representing  the  relation  be- 
tween armature  diameter  and 
total  copper  required,  is  obtained  by  adding  the  ordinates  of 
curves  A  and  B.  It  will  be  seen  from  curve  C  that  a  reduction 
in  diameter  of  25  percent  below  normal  (100  percent  on  the  curve) 
would  result  in  20  percent  greater  total  length  of  copper  in  the 
armature  winding  and  a  corresponding  increase  in  copper  loss. 

Main  Field  Winding — For  a  given  magnetic  strength,  a  pole  of 
circular  shape  will  give  the  least  possible  total  length  of  copper  and 
therefore    the    least    resistance    in    the    main    field    winding.     In 
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railway  motors,  hu\vc\er,  it  is  luA  practicable  to  use  circular 
poles,  because  of  the  resultii\i^  unfavorable  contour  of  space 
for  field  coils  between  the  poles,  and,  because  the  laminated  struc- 
ture used  cannot  be  manufactured  for  circular  pules  at  a  reasonable 
cost.  Rectangular  poles  are  therefore  much  more  adaptable  in  every 
way.  Of  rectangular  poles,  the  one  of  square  section  will  give  the 
shortest  length  of  average  turn  w^ith  the  least  resistance  in  the  field 
winding.  For  example,  a  4  l)y  9  inch  pole  has  the  same  area  as  a 
pole  six  inches  square;  whereas  the  former  has  a  periphery  of  26 
inches  and  the  latter  24  inches,  or  eight  percent  less.  This  would 
mean  an  eight  percent  smaller  resistance  and  a  proportionately 
smaller  loss  in  the  winding.     But  if  a  small  armature  diameter  be 
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DI.\  METER 

On  tlie  length  of  copper  in  the  main  field  wintling,  A,  and  the  com- 
mutating  field  winding,  B^  Fig.  2,  and  on  the  length  of  copper  in  the  total 
motor  circuit,  Fig.  3. 

used  the  consequent  restriction  of  space  between  the  armature  and 
frame  necessitates  the  use  of  long  and  narrow  poles  which  results 
in  greater  average  length  of  turn  than  would  be  the  case  with  the 
larger  diameter  armature.  The  relation  between  armature  diameter 
and  length  of  copper  in  the  main  field  winding  is  shown  in  Fig.  2. 
curve  A,  the  magnetic  area  of  the  poles  being  assumed  constant 
throughout.  lnsi)ection  of  the  curve  shows  that  a  reduction  from  nor- 
mal armature  diameter  of  25  percent,  results  in  about  15  percent  in- 
creased lentil  i>f  copper,  with  a  resultant  reduction  in  motor  cfii- 
ciency. 

Commutating  Pole  Winding — The  effect  of  armature  diameter 
upon  the  length  of  copper  is  even  more  noticeable  in  the  commu- 
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tating  field  winding.  As  the  armature  is  reduced  and  the  armature 
core  correspondingly  lengthened,  the  length  of  the  commutating 
pole  will  also  be  increased  in  about  the  same  proportion.  The  rela- 
tion between  the  average  length  of  turn  and  the  armature  diameter 
is  shown  in  Fig.  2,  curve  B.  A  reduction  of  25  percent  of  the  arma- 
ture diameter  requires  about  100  percent  more  copper  in  the  com- 
mutating pole  winding. 

Total  Length  of  Copper — By  adding  the  ordinates  of  the 
curves  shown  in  Figs,  i  and  2,  a  curve,  Fig.  3,  is  obtained  showing 
how  the  total  length  of  copper  and  therefore  total  motor  resistance, 
is  affected  by  the  armature  diameter.  It  will  be  seen  that  a  reason- 
able reduction  in  diameter  can  be  made  without  a  serious  reduction 
in  motor  efficiency.  For  instance,  a  reduction  in  diameter  of  five 
percent  can  be  made  from  the  normal  diameter  (100  percent)  with 
an  increase  of  only  three  percent  in  motor  resistance,  but  a  reduction 
in  diameter  of  25  percent  will  result  in  an  increase  of  resistance  of 
25  percent.  The  total  motor  efficiency  vvill  be 'reduced  in  the  latter 
case  approximately  2  percent.  It  will  be  evident,  then,  that  a  rea- 
sonable reduction  in  armature  diameter  can  be  made  without  ob- 
jectionable sacrifice,  but  that  when  this  is  exceeded,  serious  reduc- 
tion in  motor  efficiency  will  result. 

VENTILATION 

The  problem  presented  in  the  ventilating  of  a  railway  motoi 
consists  in  providing  a  satisfactory  means  of  carrying  the  heat  gen- 
erated out  to  the  frame  where  it  can  be  dissipated  by  radiation.  Of 
the  different  heat  generating  parts,  the  armature  is  the  most  diffi- 
cult to  ventilate;  and  the  difficulty  increases  as  the  diameter  is  re- 
duced, a  long  armature  core  and  the  long  field  coils  incident  to 
small  diameter  of  armature  oft'ering  a  relatively  high  resistance  ■.o 
the  flow  of  the  circulating  air.  Therefore  the  amount  of  heat  that 
can  be  carried  to  the  frame  will  be  somewhat  less  in  this  case  than  in 
an  armature  of  larger  diameter  and  shorter  core  and  field  coils. 
Furthermore,  a  small  diameter  is  apt  to  result  in  choking  the  air  as  it 
passes  through  the  commutator  and  armature.  In  this  connection 
the  distance  between  the  commutator  V-ring  and  oil  wiper  will  often 
prove  to  be  one  of  the  limiting  features  of  the  design. 

To  offset  the  above  handicaps,  somewhat  heavier  sections  in 
copper  are  necessary  with  added  cost.  Or,  instead  of  using  larger 
copper  sections,  it  may  be  advisable  to  increase  the  diameter  of  the 
blower.    This,  however,  will  require  a  larger  bore  in  the  frame  for 
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the  jiinion  end  housing,  which  will  mean  in  turn  a  larger  and  more 
expensive  housing  and  greater  expense  for  machining. 

The  difticulties  encountered  in  ventilation  can  in  some  measure 
be  alleviated  by  careful  consideration  of  the  shape  and  arrangement 
of  the  air  passages.  For  a  given  area  of  ventilating  duct,  the  amount 
of  radiating  surface  will  depend  upon  the  shape  of  the  duct.  A 
circular  duct  will  give  considerably  less  radiation  surface  than  one 
which  is  long  and  narrow  as.  for  instance,  one  of  elliptical  shape, 
and  is,  therefore,  proportionately  less  efficient  in  its  ability  to  dissi- 
pate heat.  Further,  the  sectional  areas  of  the  passages  should  be  as 
uniform  as  possible,  and  the  transition  where  necessary  from  small 
to  larger  sectional  areas,  and  vice  versa,  should  be  as  gradual  as 
possible  in  order  to  minimize  formation  of  air  pockets,  and  wasteful 
eddies.  The  location  of  the  air  passages  must  be  such  that  there 
will  be  no  serious  blocking  of  the  air  by  obstacles  such  as  strength- 
ening ribs  in  commutator,  armature  end-plates,  ring-nuts,  etc.  The 
air  passages  must  also  be  so  located  and  arranged  as  to  render  possi- 
ble their  proper  alignment  in  the  process  of  manufacture.  The 
working  out  of  these  points  is  attended  with  greater  difficulty  the 
smaller  the  armature  diameters. 

MOTOR    WEIGHT 

In  .some  respects  the  sinallcr  diameter  of  wheels  tends  towaul 
increased  weight  and  in  others  toward  reduced  weight.  The  re- 
spective elements  will  be  balanced,  taking  into  consideration  tlic 
principles  outlined  below. 

Armature  Torque — For  a  given  clearance  between  the  gear  case 
and  the  top  of  the  rail  and  for  a  given  amount  of  jxDwer  drawn  fnun 
the  line,  the  mount  of  torciuc  required  in  the  armature  will  vary 
with  different  wheel  sizes.  To  develop  a  certain  tractive  effort 
at  the  rail  at  a  given  car  speed  the  armature  torque  required  under 
the  above  conditions  will  be  greater  for  a  small  wheel  than  for  n 
large  wheel  under  the  limiting  conditions  given  below.  This  fad 
is  illustrated  in  Fig.  4.  In  this  curve  the  tractive  effort  at  the  rail, 
the  car  speed  and  the  clearance  below  the  gear  are  assumed  constant 
in  all  cases.  Maximum  gear  reduction  is  assumed,  and  the  nnni- 
nuuTi  pinion,  with  the  same  number  of  teeth  in  all  cases.  These  as- 
sumptions are  in  accordance  with  average  city  practice  and  repre- 
sent a  fair  basis  of  comparison.  The  cur\e  shows  that  the  torque 
which  must  be  developed  in  the  armature  for  a  24-inch  wheel  is 
about  ten  i)ercent  greater  than  that  re(|uire(l  for  a  ,^.vi'H'h  wheel. 
To  obtain  this  greater  torcjue  will  re(|uire  a  slower  armature  speed 
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resulting    in    corresponding   greater    motor    weight,    and    increased 
cost  in  manufacture. 

Clearance  Bcloiv  Gear  Case — The  intiuence  of  the  wheel  size, 
with  fixed  clearance  below  the  gear  case,  upon  the  weight  of  motors 
has  been  considered  above.  Sometimes,  however,  conditions  are 
such  that  the  wheel  diameter  is  fixed.  In  this  case,  to  overcome  the 
disadvantage  of  small  wheels  above  pointed  out,  it  may  be  neces- 
sary to  sacrifice  a  certain  amount  of  clearance  beneath  the  gear 
case,  thereby  obtaining  a  more  favorable  gear  reduction  by  the  use 
of  a  larger  gear.  The  influence  upon  motor  weight  of  varying  the 
clearance  below  the  gear  case  is  shown  in  Fig.  5,  in  which  the  as- 
sumptions made  under  the  heading  "Armature  Torque"  apply,  with 
the  exception  that  the  wheel  size  is  fixed  at  26  inches  and  the  clear- 
ance below  the  gear  case  is  varied.     As  the  clearance  beneath  the 
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KIGS.  4  AND  5 — CURVES  SHOWIXG  THE  EFFECT  OF  VARIATION  OF  WHEEL  DIAMETER 
AND  ASSUMED  CLEARANCE  ON  THE  ARMATURE  TORQUE  REQUIRED  FOR  A  GIVEN 
TRACTIVE  EFFORT 

gear  case  is  increased,  the  number  of  teeth  in  the  gear  must  be  cor- 
respondingly decreased,  resulting  in  a  smaller  gear  reduction.  Thus 
the  torque  developed  by  the  armature  is  transmitted  to  the  rail  at 
a  mechanical  disadvantage.  For  instance,  with  a  26-inch  wheel, 
a  three-inch  clearance  requires  ten  percent  greater  torcjue  at  the 
armature  shaft  than  a  two-inch  clearance.  This  requires  a  corre- 
spondingly slower  speed  armature  and  greater  weight. 

Length  of  Magnetic  Circuit— The  above  tendencies  toward  in- 
creased weight  are  in  a  measure  offset  by  the  fact  that  the  weight  of 
the  magnetic  parts  of  a  motor  is  inherently  less  for  a  small  arma- 
ture diameter.  The  sectional  areas  of  the  magnetic  jxirts  do  not 
vary  materially  for  different  armature  diameters.  Therefore,  the 
weight  of  the  magnetic  parts  will   be  roughly  proportional   to  the 
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(liametcr  of  motor.  In  this  conncctiijii  the  tendency  toward  hglitcr 
motor  weight  invol\ed  in  llie  use  of  small  armature  diameters  is 
most  pronounced  in  the  case  of  slow  speed  motors,  owing  to  the 
fact  that  the  weight  of  the  magnetic  parts  in  slow-speed  motors 
constitutes,  in  general,  a  larger  proportion  of  the  total  motor  weight 
than  in  higher  speed  motors. 

The  Sheet  Steel  Gear  Case  possesses  advantages  in  connection 
with  motor  weight  which  have  led  to  its  extensive  use  in  low-floor 
cars  where  the  many  limitations  imposed  require  that  advantage 
be  taken  of  every  possible  gain.  'J'he  advantages  of  sheet  steel  as 
compared  with  that  of  malleable  iron  are  two-fold.  First,  the 
weight  of  the  former  is  less  by  50  to  60  percent;  it  can  be  manufac- 
tured very  close  to  drawing  dimensions,  and  clearances  can  be 
figured  very  closely ;  whereas,  on  the  other  hand,  the  thickness  of 
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the  walls  of  the  malleable  iron  case,  being  a  casting,  may  vary  one- 
eighth  to  one-quarter  inch  from  specified  drawing  dimensions. 
Therefore,  to  insure  a  reasonable  clearance  between  gear  and  gear 
case,  it  is  necessary  to  figure  on  a  somewhat  smaller  outside  di- 
ameter of  gear  for  the  malleable  iron  case  than  would  be  jKvssible 
with  the  sheet  steel  case.  This  means  smaller  gear  retiuction  and 
for  a  given  tractive  effort  a  somewhat  slower  speed  and  heavier 
motor.  On  the  other  hand,  the  sheet  steel  gear  case  is  J5  to  ^3 
percent  more  expensive  to  build  than  the  malleable  iron  case,  which 
imposes  a  limitation  upon  the  general  use  of  this  style  of  case. 

NET  RESULT  IN    MOTOR   WEIGHT 

The    net    result   of    the   above   oj)pi)sing    tendencies    in    nvitor 
weight   will  dcpi-iid   uiH)n  the  particular  case  considered.     Ivir  the 
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average  city  service  which,  in  general,  requires  motors  ranging 
from  40  to  50  horse-power,  a  motor  for  26-inch  wheels  will  be  5  to 
10  percent  heavier  than  one  for  a  33-inch  wheel.  In  this  it  is  as 
sumed  that  the  comparison  is  made  under  the  conditions  of  gear 
case  clearance,  gear  reduction,  etc.,  mentioned  under  heading 
"Armature  Torque." 

Where  the  character  of  street  paving  and  other  operating  con 
ditions  will  permit  the  use  of  a  sheet  steel  gear  case  and  also  of  a 
smaller  clearance  below  the  gear  case  than  is  ordinarily  considered 
for  large  wheels,  excessive  motor  weight  can  be  avoided,  although 
the  cost  of  building  the  motor  will  still  be  greater  by  10  to  20  per- 
cent, on  account  of  the  extra  cost  of  copper  and  extra  cost  of  ma- 
chining and  assembling  involved. 

GENERAL  -I  ■ 

No  attempt  has  been  made  to  give  a  complete  analysis  of  the 
relation  of  armature  diameters  to  cost  and  weight  of  motor.  Rather, 
it  has  been  the  aim  of  the  writer  to  point  out  for  the  benefit  of 
operating  men,  some  of  the  principal  features  met  with  in  the  de- 
sign of  railway  motors,  which  have  a  vital  bearing  upon  the  entire 
question  of  motor  application.  It  is  believed  that  some  of  the  diffi- 
culties which  have  been  met  in  the  design  of  motors  for  low-floor 
cars  are  directly  traceable  to  the  extreme  quickness  of  development 
which  has  characterized  this  comparatively  new  line  of  railway 
work.  Naturally,  under  these  circumstances  there  has  not  been  the 
time  nor  opportunity  for  a  free  interchange  of  ideas  and  comments 
between  the  designers  of  motors  and  the  designers  of  the  car  trucks 
and  body.  In  some  cases  this  has  led  to  the  arbitrary  fixing  of  cer- 
tain dimensions  and  features  of  the  car  layout,  such  as  clearance 
over  and  under  motor  frame,  clearance  beneath  gear  case,  position 
of  brake-rods,  underframing,  etc.,  which  have  been  seriously  detri- 
mental to  the  design  of  electrical  equipment,  and  in  all  probability 
to  the  entire  layout  of  car.  Inasmuch  as  tie  successful  operation 
and  maintenance  of  electric  railways  depends  most  vitally  upon  the 
design,  construction,  and  operation  of  the  electrical  equipment,  too 
much  stress  cannot  be  laid  upon  the  necessity  for  close  cooperation 
between  operating  and  manufacturing  companies,  as  only  by  this 
course  can  the  best  results  be  obtained. 
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THE    DYNAMOTOR-COMPRESSOR 

RALPH  E.   FERRIS 

THE  dynamotor  is  in  reality  a  direct-current  voltage  trans- 
former, and  the  voltage  transformer  for  alternating  current 
offers  a  very  good  analogy  upon  which  to  base  an  explana- 
tion. Briefly  the  dynamotor  consists  of  two  separate  and  distinct 
armature  windings  on  the  same  core,  each  connected  to  its  indi- 
vidual commutator.  The  two  windings  have  a  common  field  and 
therefore  the  generated  e.m.f.  per  turn  is  the  same  for  each  winding 
at  any  given  field  excitation ;  or  the  voltage  at  each  commutator  is 
equal  to  some  factor  times  the  number  of  turns  in  series  in  the 
winding.  If,  for  example,  one  winding  had  twice  as  many  turns  in 
series  as  the  other,  and  i  200  volts  were  to  be  applied  to  the  winding 
with  the  larger  number  of  turns,  the  voltage  at  the  other  commuta- 
tor would  be  600.  This  is  similar  to  the  condition  obtaining  in  an 
alternating-current  voltage  transformer,  as  illustrated  diagramatic- 
ally  in  Figs,  i  and  2.  In  Fig.  i,  A  and  A^  are  two  armature  wind- 
ings on  the  same  core  with  scries  fields  F  and  F^  and  shunt  fields  S, 
giving  a  resultant  field  common  to  both  windings.  Armature  wind- 
ing A  has  I  200  turns  and  winding  A^  has  600  turns.  If  with  this 
connection  i  200  volts  be  applied  to  A,  current  at  600  volts,  less  the 
I  R  drop,  could  be  drawn  from  A^.  Fig.  2  is  a  diagram  of  connec- 
tions for  a  double  winding  alternating-current  \oltage  transformer, 
showing  the  relation  electrically  between  the  dynamotor  of  Fig.  i 
and   the  ordinary   transformer. 

A  second  method  of  transforming  from  i  200  to  600  volts 
direct  current  is  to  use  the  same  num])er  of  turns  in  each  winding 
and  connect  the  two  in  series  externally.  Current  at  600  volts  may 
then  be  obtained  by  tapping  off  at  the  middle  point  between  the  two 
winding^  An  auto-transformer  is  practically  an  analog)-  to  the 
dynamotor  connected  according  to  this  second  method,  and  the 
points  in  favor  of  an  aMo-transformer  over  a  double  winding  trans- 
former also  apply  to  the  second  method  of  connecting  the  dyna- 
motor. This  analogy  is  illustrated  diagramatically  in  Figs.  3  and  4. 
The  transformer  illustrated  in  Fig.  4  has  only  one  winding,  a 
certain  portion  of  which  is  used  for  both  the  high  tension  and  low 
tension  current.  Also  the  dynamotor  illustrated  in  Fig.  3  has  only 
one  winding,  composed  of  two  parts,  one  part  of  which  is  used  for 
both  600  and  1200  volts.  The  number  of  turns  used  in  the  trans- 
former shown  in  Fig.  4  is  the  same  as  if  it  were  used  exclusively  for 
the  high  tensoin  winding  and  a  separate  additional  coil  were  pro- 
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vided  for  the  low  tension  winding,  as  shown  in  Fig.  2.  Exactly  the 
same  conditions  exist  as  regards  the  number  of  turns  on  the  dyna- 
motor  shown  in  Fig.  3  compared  to  the  one  shown  in  Fig.  i.  In 
other  words,  the  dynamotor  and  transformer  shown  in  Figs,  i  and  2 
require  50  percent  more  turns  than  the  dynamotor  and  transformer 
shown  in  Figs.  3  and  4  respectively. 

The  copper  required  for  the  second  method  of  connection  for 
both  dynamotor  and  transformer  is  less,  as  will  be  readily  under- 
stood from  the  following: 
■ — Suppose,  for  example, 
that  12  amperes  are  to  be 
delivered  at  600  volts,  or 
7  200  watts.  This  would 
mean,  assuming  no  losses, 
that  six  amperes  must  be 
drawn  from  the  i  200  volt 
line  for  both  dynamotor 
and  transformer,  no  mat- 
ter what  the  method  of 
connection.  Therefore,  the 
copper  in  the  I  20O  turn 
armature  of  Fig.  i  and 
the  I  200  turn  primary  of 
Fig.  2  must  be  sufficient 
to  carry  six  amperes  and, 
in  addition,  the  copper  in 
the  600  turn  armature  and 
600  turn  secondary  of  the 
dynamotor  and  transform- 
er respectively,  must  be 
sufficient  to  carry  12  am- 
peres. However,  the  second  method  of  connecting  does  away  with 
the  winding  required  to  carry  12  amperes  entirely,  the  current 
traversing  the  circuits  as  follows : — Six  amperes  from  a  to  h,  Figs. 
3  and  4,  and  si>q  amperes  from  c  to  h,  making  a  total  of  12  am- 
peres flowing  out  at  point  h. 

With  the  introduction  of  high  voltage  direct  current  for  rail- 
way work,  where  the  locomotive  or  car  is  required  to  operate  either 
on  I  200  or  600  volts,  the  dynamotor  presented  itself  as, a  means  of 
generating  600  volts  direct  current,  while  on  the  i  200  volt  section, 
for  lights,  control,  compressor  and  blower  motors. 
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FIGS.  I  TO  4 — DIAGRAMS  SHOWING  ANALOGY 
BETWEEN  THE  DYNAMOTOR  AND  THE  ALTER- 
NATING-CURRENT   TRANSFORMER 
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The  dynamotor-conipressor  combines  the  dynamotor,  the  com- 
pressor motor,  and  blower  motor  all  in  one,  thus  materially  reduc- 
ing the  weight  and  also  the  space  required  for  the  outfit.  This  is  ac- 
complisheil  by  using  the  dynamotor  as  a  motor  and  driving  the  com- 
pressor thereby  through  a  set  of  gears  and  a  multiple-disc  clutch. 
If  a  blower  is  required  on  the  car  or  locomotive,  an  extended  shaft  is 
used  and  the  blower  mounted  directly  thereon. 

NO    LOAD 

As  indicated  in  Fig.  3.  the  series  field  is  divided  into  tw(j  parts, 
F  and  F^.    Each  of  these  parts  is  divided  into  four  coils,  one  on  each 

pole.  Under  no  load  conditions,  the  dyna- 
motor-compressor  is  excited  almost  entire- 
Iv  l)v  the  shunt  field.  Say.  for  example, 
that  the  series  turns  for  each  section  are 
400.  or  100  turns  per  pole,  giving  200 
turns  per  pole  for  both  sections.  If  when 
running  under  no  load  the  dynamotor 
takes  one  ampere  to  overcome  friction  and 
windage,  there  will  be  200  ampere  turns 
per  pole  from  the  series  field.  Assuming 
I  400  ampere-turns  from  the  shunt  field, 
the  total  ampere-turns  per  pole  would  be 
I  000.  Under  this  excitation,  the  dyna- 
motor would  run  at  a  certain  speed. 


fk;. 
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ShowitiK  method  ot 
cIiaiiKiiiK  Kvcr  tlic  dy- 
namotor circuit  with 
change   in   line   voltage. 


LicirriNt.  r.o.M)  o.nlv 


.\sMnnc  any  lighting  load  fri)m  zero  up  to 
maxinunn.  say.  for  the  purpose  of  illustra- 
tion, I  J  amperes  at  Thx)  volts,  or  7  200  watts. 
In  addition  to  the  7  joo  watl-^  lighting  load,  i  _'(^)  watts  are  re- 
cjuired  to  overcome  friction  and  windage,  making  a  total  of  84CXJ 
watts  to  be  delivered  by  the  power  >upply.  The  current  drawn  from 
the  I  J(K)  volt  line  would  be.  therefore.  (S  400 -^  I  200=  )  seven 
amperes.  This  gives  in  the  high  voltage  armature  and  field  circuit 
a  to  b,  Fig.  3.  a  current  of  seven  amperes.  As  \2  amperes  are  to  be 
drawn  from  the  circuit  at  /'.  it  is  very  evident  that  the  remaining  five 
amperes  tuust  be  >ui>])lied  by  the  low  voltage  armature  winding  act- 
ing as  a  generator.  There  will  be,  therefore.  \\\c  amperes  in  the 
circuit  fnun  c  to  b  flowing  in  an  opposite  direction  to  that  in  circuit 
a  to  b.  The  ampere-turns  delivered  by  the  series  .field  /'"  in  this  case 
would  be  700,  and  in  F ^  would  be  500  in  the  opix)site  direction,  so 
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that  the  total  ampere-turns  would  equal  200,  which  is  the  same  as 
under  the  no  load  condition.  The  speed,  therefore,  remains  ap- 
proximately the  same  as  under  no  load.  In  other  words,  the  amount 
of  current  drawn  from  the  circuit  at  h  does  not  materially  affect  the 
speed  of  the  dynamotor. 

COMPRESSOR   ONLY 

When  the  dynamotor  is  running  the  compressor  alone,  it  is 
again  working  as  a  straight  motor,  and  the  current  flows  from  a  to 
c,  Fig.  3.  If,  for  example,  the  compressor  requires  6.5  horse-power, 
including  friction  and  windage,  or  approximately  4  800  watts,  the 
current  in  circuit  a  to  f  would  be  four  amperes,  and  the  ampere- 
turns  per  pole  delivered  by  the  series  field  would  be  (4  X  200=) 
800.     The  shunt  ampere-turns  remain  constant,  so  the  speed  with 

compressor  only  would 
be  lower  than  under 
the  no  load  or  lighting 
load  condition. 
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Entrance  of  field  coil  leads 
FIG.    6 — CROSS-SECTION    OF   ARMATURE   SLQ,T 
FIG.    7 — CROSS-SECTION    OF    FIELD    COIL 

Showing  relative  positions  of   the  three  wind- 
ings. 


COMPRESSOR    AND 
LIGHTING    LOAD 

Obviously  all  the 
power  delivered  b  y 
the  dynamotor-com- 
pressor  outfit,  both 
mechanical  and  elec- 
trical, must  be  de- 
rived primarily  from 
the  power  supply. 
We  have,  therefore, 
7  200     watts     lighting 


load  and  4  800  watts  for  the  compressor,  including  friction  and 
windage,  making  a  total  of  12000  watts  or  ten  amperes  to  be  sup- 
plied by  the.  i  200  volt  trolley.  This  would  give  then  ten  amperes 
in  the  circuit  from  a  to  h.  The  remaining  two  amperes  to  make  up 
the  12  amperes  lighting  load  would  be  supplied  by  the  low  voltage 
armature  acting  as  a  generator,  the  current  flowing  from  c  to  h. 
The  ampere-turns  per  pole  delivered  by  the  series  field  would  be 
800,  or  the  same  as  with  the  compressor  only.  It  is  evident,  then, 
that  the  dynamotor-compressor  outfit  has  only  two  speeds,  one  under 
the  no  load  condition  and  the  other  when  operating  the  compressor. 
The  lighting  load  has  no  effect  on  the  speed  in  either  case. 
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With  tlu'  compressor  on  and  with  a  certain  value  of  current 
(hMun  from  the  circuit  at  /^  the  low  voltage  armature  and  tiehl  cir- 
cuit b  to  c,  would  be  running  idle.  For  example,  using  the  same 
value  of  4  800  watts  for  compressor,  including  friction  and  windage^ 
and  eight  amperes,  or  4800  watts  lighting  load,  giving  a  total  of 
9  6(X)  watts  to  be  supplied  by  the  line,  a  current  of  (9600  -^ 
I  200=)  eight  amperes  would  flow  from  a  to  b  and  out  through 
the  line  tapped  at  b.  In  other  words,  the  armature  on  the  low 
voltage  side  would  be  floating  on  the  line,  acting  either  as  a  motcjr,  a 
generator  or  running  idle,  depending  on  the  conditions. 

OPERATION    ON    6oO   VOLT.S 

When  the  locoinotive  or  car  passes  from  the  i  200  volt  section 
to  the  600  volt  section,  a  change-over  switch  is  operated,  the  con- 
nections being  as  shown  in  Fig.  5.  The  compressor  load,  including 
friction  and  windage,  will  still  be  4  800  watts,  but  on  600  volts  the 
current  drawn,  from  the  line  will  be (4  800 -^  600=)  eight  amperes. 
It  will  be  noted  from  Fig.  5  that  only  half  the  series  field  is  in  circuit, 
so  the  ampere-turns  per  pole  delivered  by  the  series  field  will  be 
(100  X  8=)  800  ampere-turns,  or  the  same  as  when  operating  the 
compressor  on  i  200  volts.  The  shunt  field  is  excited  from  the  low 
voltage  armature  and  will  add  its  approximately  constant  ampere 
turns  to  the  series  field  as  before.  As  the  600  volts  is  impressed 
across  one  armature  and  series  field  only,  the  speed  of  the  dyna- 
motor  when  operating  the  compressor  will  be  approximately  the 
same  'as  on  i  200  volts.  The  lighting  load,  as  indicated  in  Fig.  5.  is 
supplied  direct  from  the  600  volt  line. 

UNEQU.AL  VOLIAGE  OPEK.\TIO.\ 

The  preceding  examples  and  discussion  have  been  based  on 
I  200-600  volt  operation,  merely  to  simplify  the  explanati<^n.  It  is 
perfectly  possible  to  transform  from  any  v<-)ltage.  limited  only  by 
the  commutation,  to  some  lower  voltage  which  may  be  one-half  pri- 
mary voltage,  less  than  one-half  or  more  than  one-half.  For  example, 
dynamotor-compressors  have  been  built  in  which  the  transforma- 
tion is  from  I  50C)  volts  to  600  volts.  l*"ollo\ving  the  same  method 
of  explanation  as  used  for  the  i  200-600  volt  dynamotor.  if  arma- 
ture A,  Fig.  3,  had  900  turns,  and  armature  ./,,  600  turns,  then  if 
I  500  volts  were  applied  to  the  two  armatures  in  series  current  at 
600  volts  could  be  drawn  from  the  circuit  at  /'.  In  this  case  the 
voltage  across  armature  -■/,  Fig.  3.  is  900  volts  and  the  voltage 
across  .-/,  600  volts. 
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In  order  to  obtain  two  speed  conditions  only,  as  was  the  case 
with  the  1200-600  volt  example,  the  fields  FandFj,  Fig.  3,  must 
be  unequal,  for,  with  the  same  load  as  before,  namely  12000  watts 
for  both  mechanical  and  electrical  load  and  the  same  design  of 
series  field,  eight  amperes  flow  from  a  to  h,  and  four  amperes  flow 
from  c  to  h,  making  up  the  total  of  12  amperes  at  600  volts  for  the 
lighting  load.  Under  this  condition  the  excitation  period  by  the 
series  field  would  be  400  ampere-turns  per  pole.  If,  however,  the 
mechanical  load  of  4  800  watts  only  is  being  carried,  then  the  cur- 
rent in  the  circuit  from  a  to  c  is  (4  800  -=-  i  500  =)   3.2  amperes  and 


-"'■«L    ■      : 

1 

SMr^^^v'" '.    ^^1 

I 

r^^^»^^00f'                             ^^^^K^^k 

FIG.    8 — DYNAMOTOR    ARMATURE    COMPLETE    AND    WITH    LOWER    WIND- 
ING  ONLY    IN   PLACE. 

Extended  shaft  for  use  with  blower. 

the  ampere-turns  on  the  series  field  per  pole  would  be  equal  to  640. 
In  order,  therefore,  to  obtain  the  same  speed  with  the  lighting  load 
on  as  ofif,  the  field  sections  F  and  Y\  should  have  the  same  ratio  as 
the  voltages  on  the  two  armatures.  In  the  case  under  consideration 
the  ratio  would  be  900  to  600.  Using  this  ratio,  field  section  ¥ 
would  have  120  turns  per  pole  and  F,,  80  turns  per  pole.  With 
this  arrangement,  the  ampere-turns  delivered  by  the  series  field  per 
pole  with  lighting  load  on,  is  (  (120  X  8)  —  (80  X  4)=)  640,  and 
with  lighting  load  off  is  (3.2(120 -|- 80)  =)  640,  thus  giving  ap- 
proximately the  same  speed  with  or  without  lighting  load. 
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ROTOR 

It  is  evident  fnjni  llic  (li.M.-ussioii  uiuler  tiie  different  conditions 
of  operation  that  if  any  current  at  all  is  drawn  from  circuit  at  b 
(Fig.  3)  on  I  2(K)  volts,  the  S(|uare  root  of  the  mean  s(|uare  of  the 
current  in  circuit  c  to  /'  will  l)e  less  tlian  in  circuit  a  to  /;.  'i'his 
being  the  case,  tiie  winding  in  the  low  voltage  side  is  placed  in  the 
bottom  of  the  slot,  which  is  of  reduced  cross-section,  permitted  by 
the  smaller""  size  of  wire,  and  is  completely  connected  to  its  com- 
mutator before  the  coils  for  the  high  voltage  side  are  wound  in 
place.  The  armature  C'^)ils  are  standard  machine  wound  and  in- 
sulated for  full  voltage  to  ground  with  mica  wrappers.  A  cro.ss- 
section  of  an  armature  slot  with  coils  in  i)lace  is  shown  in  I'ig.  6. 

The  permissible  reduction 
in  cross-section  of  slot  at 
tlie  bottom  grealK'  facili- 
tates the  design  of  the  dy- 
namotor,  as  the  average 
cross-section  of  tooth  is 
much  larger  than  would 
be  the  case  if  the  slot 
were  the  same  width  for 
the   entire   depth. 

TIk;  commutators  on  the 
I  500-750  volt  or  I  200- 
(xjo  volt  dynamotors  are 
exactly  the  same  on  both 
low  and  high  voltage  side 
except  for  the  extension 
of  neck,  which  is  much 
longer  on  the  high  voltage  than  ^n\  the  low  voltage  side.  The 
commutators  on  the  r  500-Cxx)  volt  dynamotors  have  an  additional 
difference  in  that  the  conniiutator  for  the  high  voltage  side  has  a 
greater  number  of  bars  than  the  one  for  the  low  voltage  side.  An 
armature  with  Knver  winding  in  j)lace.  and  a  completed  armature 
with  shaft  extension  for  use  with  blower,  are  shown  in  I'ig.  S. 

.STAT(  >K 

The  dynamotors  arc  generally  compound  wound,  but  in  some 


FIG.  <> 


Ground 


-KLKMK.NTAKV    DIACKAM    OK    liV  N  A  MoTDK 
CIRCIIT 


*In  the  case  <<{  viiut|ual  voltane  armatures  the  wire  in  tlie  low  volt- 
ape  arniature  may  lie  .ipi)roximately  the  same  cross-section  as  that  in 
tlie  lii^li  voha).;e  armature,  hut  the  nuniher  of  turns  woulil,  of  course,  be  less, 
tlius  in  either  case  permitting  the  smaller  slot. 
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cases  straight  series  windings  have  been  used.  The  field  winding 
is  divided  up  into  three  separate  and  distinct  parts.  Referring  to 
Fig.  3,  the  portion  of  field  marked  F  is  divided  up  into  four  coils, 
one  for  each  pole,  and  carries  the  same  current  as  does  the  high 
voltage  armature.  The  portion  of  field  marked  F^  is  also  divided 
up  into  four  coils,  one  on  each  pole,  and  carries  the  same  current 
as  does  the  low  voltage  armature.  The  shunt  field  is  excited  from 
the  low  voltage  armature  and  is  also  divided  up  into  four  coils,  one 
on  each  side.  This  means,  therefore,  there  are  three  coils  per  pole. 
These  coils  are,  however,  all  wound  on  one  shell,  being  suitably 
insulated  from  each  other  internally  so  that  the  winding  as  a  whole 
presents  the  appearance  of  only  one  coil  per  pole.  In  the  case  of  a 
straight  series  dynamotor,  sometimes  used  where  the  outfit  is 
equipped  with  a  blower,  there  are,  of  course,  only  two  coils  per 

pcjle.  A  cross- 
section  of  a 
c  o  m  p  o  u  n  d- 
wound  field 
coil  is  shown  in 
Fig.   7. 

The  magnet 
frames  of  the 
d  y  n  a  m  o  t  or- 
c  o  m  p  r  e  ssors 
are     made     o  f 

soft  steel,  cast  in  a  single  piece.  At  each  end  is  a  large  bored  open- 
ing through  which  the  armature,  pole  pieces  and  field  coils  may  be 
removed.  The  openings  are  closed  by  solid  housings  carrying  the 
shaft  bearings  and  oil  wells.  The  main  pole  pieces  are  built  up  of 
sheet  steel  riveted  to  heavy  end  plates,  and  are  bolted  to  finished 
seats  on  the  frame,  thus  making  a  good  magnetic  fit. 


FIG.    10 — DYNAMOTOR-COMPRESSOR    OUTFIT    COMPLETE 


CLUTCH 

The  dynamotor  runs  continuously  and  the  compressor  is  auto- 
matically cut  in  or  out,  as  required,  by  means  of  a  multiple-disc 
clutch  designed  for  this  purpose.  The  clutch  consists  of  two  sets  oT 
steel  discs.  While  driving  the  compressor,  the  two  sets  of  discs 
are  pressed  together  by  a  spring  of  suitable  strength.  When  the  air 
pressure  in  the  receiving  tank  has  reached  a  predetermined  value, 
air  at  this  pressure  is  admitted  to  a  piston  cylinder  which  compresses 
the  spring  and  permits  the  discs  to  run  free.  When  the  tank 
pressure  reaches  a  predetermined  minimum  value,  the  air  in  the 
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cylinder  is  automatically  released  by  a  g(jvcrnur,  the  spring  close; 
the  clutch  and  the  compressor  starts  pumi)ing  again. 

COMPRESSOR 

The  compressors  used  are  of  a  standard  type,  using  the  splash 
system  of  lubrication.  A  small  amount  of  oil  is  splashed  through 
from  the  crank  case  into  the  gear  case,  and  the  gear  in  turn  carrier 
the  oil  up,  throwing  it  over  and  around  the  clutch,  and  also  into  the 
dynamotor  bearing  at  the  clutch  end.  The  gears  and  clutch  are 
therefore  running  in  a  bath  of  oil,  the  excess  being  returned  to  the 
crank  case  by  means  of  an  overflow  return  channel.  An  elementary 
diagram  of  the  dynamotor-coni])ressor  is  shown  in  Fig.  9. 


Fir,.     II — nVNA.MOTOR-COMPRESSOR      MOf.NTF.D     IN      I  5OO     VOLT 
ELECTRIC  LOCOMOTIVE 

OPERATING   CIIAR.\CTERISTICS 

The  dynaiiKitor  is  connected  direct  to  the  trolley  through  suit- 
able cut-<)ut  and  change-over  switches.  This  being  the  case,  any 
interruption  in  the  trolley  circuit,  such  as  trolley  flying  off",  passing 
over  cross-overs,  etc.,  would  oi)en  the  dynamotor  circuit.  The 
dynamotor  must,  theref<irc.  be  capable  of  withstanding  full  voltage 
applied  suddenly  at  any  and  all  times. 

The  dynamot(M"  compressor  j)erforms  the  duties  for  which  two 
or  three  machines  were  formerly  recpiired.  the  machines  it  replaces 
being  a  dynamotor,  a  compressor  motor  and  a  blower  motor.  Tb's 
combination  of  two  or  three  machines  in  one  gives  a  saving  in 
weight  of  equipment  of  appro.ximately  900  lbs. 


NOTES  ON  THE  MANUFACTURE  OF   ELECTRIC 
RAILWAY  APPARATUS* 

R.  L.  WILSON, 
Superintendent  Railway  Division, 
Westinghouse  Electric  &  Mfg.  Company 

TO  THE  UNINITIATED,  a  railway  motor  has  usually  seemed 
a  rather  rough  piece  of  apparatus  put  together  by 
semi-skilled  mechanics  later  to  be  turned  over  to  the 
tender  mercies  of  the  car  barn  man  and  operated  with  a  minimum 
of  attention.  There  is,  however,  a  growing  appreciation  of  the  re- 
quirements to  be  met  and  of  the  necessity  of  having  all  parts  of  the 
railway  equipment  strong  and  serviceable,  mechanically  as  well  as 
electrically.  The  very  severe  vibration  and  strain  to  which  mechan- 
ism mounted  upon  the  trucks  and  frame  of  a  car  or  locomotive  is 
subjected  demands  accurate  fitting  of  the  parts  and  the  use  of  none 
but  the  best  materials. 

The  first  of  the  prime  factors  facing  a  manufacturer  is  the  ques- 
tion of  tools — to  what  extent  standard  machine  tools  can  be  utilized 
and  what  special  facilities  must  be  provided.  To  manufacture  eco- 
nomically in  this  day  of  scientific  study,  it  is  obvious  that  the  plant 
must  be  furnished  with  tools,  jigs,  fixtures,  etc.,  to  as  great  an  ex- 
tent as  the  business  will  warrant,  and  it  is  to  the  determination  of 
this  latter  that  the  works  management  devotes  no  little  time  and 
study.  There  is  no  uncertainty  as  to  the  provision  of  jigs,  etc.,  which 
will  insure  accuracy  and  interchangeability  of  parts,  but  the  question 
of  special  machine  tools  is  not  so  easily  solved.  A  railway  motor 
would  seem,  at  first  thought,  to  be  comparatively  simple  and  un- 
changing in  so  far  as  machining  operations  are  concerned ;  neverthe- 
less, it  has  been  found  that  the  types  and  designs  vary  to  such  an 
extent  as  to  preclude  machine  tools  designed  for  any  particular 
motor.  This  has  resulted  in  the  development  of  machine  tools  es- 
pecially adapted  to  motor  work  but  applicable  to  all  kinds  of  motors. 
Among  these  may  be  mentioned  milling  machines  and  cutters  for 
milling  frames,  axle  cap  seats,  etc. ;  boring  mills  with  four  spindles 
whereby  armature  housing  fits  and  axle  seats  are  bored  at  one  set- 


*In  an  article  appearing  in  the  Journal  for  October,  191 1,,  Mr.  C.  B. 
Auel  outlined  some  of  the  essential  features  entering  into  the  manufacture 
of  a  railway  motor  and  this  article  may  be  considered  as  supplementing  Mr. 
Auel's  description. 
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ting;  floor  boring  mills  for  boring  pole  seats;  hydraulic  presses  for 
tamping  down  laminations  in  the  process  of  building  armature 
cores ;  and  soldering  pots  for  soldering  leads  in  commutators. 

In  carrying  out  machining  operations  upon  parts  that  are  ex- 
pected to  be  alike  and  later  fit  into  their  respective  places  in  the 
completely  assembled  unit,  a  high  degree  of  accuracy  is  necessary, 
yet,  since  there  is  practically  no  such  thing  as  exact  dimensions,  a 
very  well  defined  system  of  allowances  or  tolerances  must  be  out- 
lined. For  every  given  dimension  a  certain  variation  therefrom  is 
allowable  and  no  more.  It  becomes  the  duty  of  the  inspectors  to 
enforce  these  rules  and  it  has  been  found  ctitircly  practicable  to  lay 
out  such  a  system. 

Some  of  the  points  calling  for  consideration  in  the  manufacture 
of  railway  apparatus  may  be  mentioned  as  follows: — 

RAILWAY    MOTOR   FRAMES 

The  production  of  railway  motor  frames  requires  care  at  the 
very  outset,  in  the  pattern  shop.  As  castings  are  turned  out  in  large 
quantities  it  is  necessary  that  the  patterns  be  accurate  and  vciy 
strongly  made.  'Jhe  moulding  and  core  making  needs  close  atten- 
tion. Many  steel  foundries  doing  general  business  but  without  ex- 
perience in  the  work  find  it  impossible  for  some  time  to  turn  out 
acceptable  castings.  The  walls  of  the  castings  must  be  true  to  pat- 
tern, not  over  thick  in  s|x)ts,  and  free  from  blow  holes.  A  porous 
casting  is  often  rejected  when  the  holes  are  not  visible  but  the  motor 
is  "off  speed"  due  to  weakened  field.  The  electric  welder  has  come 
to  the  rescue  of  the  foundry  in  recent  years  and  has  reclaimed  many 
castings  that  olhcrwise  would  be  scrapped. 

After  the  casting  has  been  received,  it  is  necessary  that  it  be 
laid  out  carefully  for  the  location  <^f  center  of  shaft  and  the  angle 
and  center  of  axle.  I  f  the^e  are  not  right  the  motor  is  likely  to  be 
cut  of  balance — that  is.  the  magnetic  sections  will  not  be  uniform 
and  some  parts  may  nt)t  true  up. 

It  is  usual  to  lK)re  the  i)ole  seats  1/64  inch  out  of  center  to  allow 
for  wear  of  bearings,  and  to  do  this  it  is  necessary  that  the  lx>ring 
bar  and  bearings  of  the  floor  l)oring  mill  be  in  good  adjustment.  The 
axle  caps  and  armature  bearing  housings  must  fit  close  and.  alx)ve 
all,  the  axle  caj)s  and  housing  bolts  nuist  be  true  and  tight  as  to 
thread.  It  has  been  found  imi>ossible  to  secure  the  necessary  accu- 
racy of  thread  on  these  lx)lts  in  a  bolt  machine  and  as  a  consetjuence 
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all  axie  cap  bolts  and   al 
in  a  lathe. 


housing  bolts  are  turned  and  threaded 


ARMATURE 


The  shafts  are  made  of  carefully  tested  axle  steel  or  heat 
treated  forgings  and,  after  being  centered  and  rough  turned,  are 
put  in  a  special  spotting  lathe,  in  which  several  tools  are  operated 
at  once.  Adjacent  to  every  shoulder  the  spotting  tool  also  forms 
the  very  necessary  fillet  and  provides  a  clearance  for  the  grind- 
ing wheel.  After  spotting  the  shafts  are  ground  down  to  draw- 
ing dimensions. 

The  spiders  are  usu- 
ally  of   malleable   iron 
and    both    spider    and 
shaft,   after  being  turn- 
ed   down,    are   ground 
down  to   size  and   fin- 
ish ;      allowance      for 
press    fit    is    made    on 
the    shaft     and    about 
0.002    inch    is    allowed 
on   the   outside   of   the 
spider   to    insure   tight 
fitting    laminations. 
The    peripheral    speed 
of  the  grinding  wheels 
is   between    5  000    and 
6  000   feet  per  minute 
and   of   the   shaft   and 
spider  50  and  60   feet 
per  minute ;  if  the  lat- 
ter speed  is  much  ex- 
ceeded a  chatter   is   set   up   where  the   grinding  wheel   passes   the 
keyway  in  the  shaft  or  one  of  the  open  spaces  of  the  spider.     The 
quality  of  finish  on  shafts  and  spiders  is  very  largely  dependent 
upon  :he  cutting  compound  used.     Many  mixtures  have  been  tried 
but  the  cheapest  compound  that  would  give  good  finish  has  been 
found  to  be  50  gallons  of  water,  2  gallons  of  lard  oil  and  12  lbs. 

of  soda. 

The  pillion  seat  is  turned  up  to  a  taper  of  1.219  or  1.125  mches 
per  foot.    The  small  pinions  are  heated  in  boiling  water  for  at  least 


FIG.     I SPECIAL     DRILLING    JIG     USED    IN     THE     AS- 
SEMBLING   OF    RAILWAY    MOTOR    FRAMES 
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one  luilf  hour  and  then  driven  upon  the  shaft  with  a  sledge.  Pinions 
transmitting  much  over  100  horse-power  are  heated  to  150  degrees 
C.  and  driven  upon  the  shaft.  With  the  above  tapers  and  meth- 
od of  applying  pinions,  fits  equal  to  pressures  of  20  to  25  tons  are 
obtained  with  the  smaller  pinion  and  70  to  80  tons  with  the  larger. 

Laminations  are  punched  from  specially  made  mill  annealed 
iron,  o.OT/  to  0.028  inch  thick.  The  iron  sheets  are  of  the  proper 
width  to  correspond  to  the  diameter  of  the  armature  and  are  fed 
under  the  punch  with  the  aid  of  a  unique  pneumatic  lifter  which 
renders  it  unecessary  for  the  operator  to  put  his  fingers  under  the 
press.  Very  accurate  compound  dies  made  of  high-speed  steel  are 
used.  After  being  punched  the  laminations  are  run  through  an 
enameling  machine  and  are  ready  for  building  upon  the  spider. 

Commutators  are  remarkably  substantial  pieces  of  mechanism 


ill,.    2 PATTERN     iUK    KAILWAV     -MOTUK    KRAMK 

Showing  upper  half  of  cope  and  drag. 


composed  as  they  are  of  many  parts  held  together  with  insulation 

between.    This  is  due  to  the  machining  of  all  parts  very  accurately 

to  gauge  and  to  well  worked  out  relationships  between  the  various 

angles  of  the  different  parts.     The  bushings  of  some  commutators, 

where  no  ventilating  openings  are  needed,  are  pressed  or  forged 

out  under  a  i  000  ton  press. 

JVinding — The  coils  with  which  railway  motors  are  wound  may 

be  classified  in  three  groups,  viz: — 

I — Wire  coils  wound  on  mould. 

2 — Wire  coils  wound  on  shuttle  and  pulled  or   formed. 

3  —Strap  coils  wound  on  shuttle  and   formed. 

In  general  the  insulating  and  treating  of  the  different  types  of 

coils    is   similar.     After   coils   are    formed,    shellaced    paper    strips 

(o.oio  in.)  arc  inserted  between  single  coils  on  straight  parts.    The 
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coils  are  then  heated  and  pressed  (being  allowed  to  cool  in  the  press) 
to  make  the  part  which  fits  into  the  slots  straight  and  to  exact  size. 
Later  the  coils  receive  the  various  wrappings,  dippings  and  bakings 
as  may  be  specified  for  the  service. 

Probably  the  most  unique  operation  in  the  process  of  applying 
the  winding  to  the  armature  core  is  the  method  of  soldering  the 
leads  into  the  commutator  bars.  This  is  done  in  a  special  pot  the 
central  portion  of  which  consists  of  a  shallow  circular  trough,  the 
outer  edge  being  higher  than  the  inner.  The  armature,  with  com- 
mutator, is  picked  up  by  the  pinion  end  and  let  down  into  the  center 
opening,  the  necks  of  the  bars   resting  on  the  inner  edge  of   the 


FIG.    3 — I'AJ  iJ.kN    FOR   RAILWAY    MOTOR   FRAME 

Showing  lower  half  of  drag  and  cope. 

trough  and  in  effect  increasing  the  height  of  this  edge.  At  either 
side  of  the  circular  trough  are  reservoirs  filled  with  molten  sold- 
er; by  lowering  plungers  into  these  reservoirs  the  solder  is  caused 
to  overflow  into  the  trough  to  a  depth  equal  to  that  of  the  height 
of  the  necks  of  the  commutator  bars  into  which  the  wires  are  to 
be  soldered.  The  commutator  is  allowed  to  remain  in  this  po- 
sition for  three  to  five  minutes  during  which  time  the  molten 
metal  heats  up  the  parts  to  be  soldered  and  fills  up  all  the  inter- 
stices between  the  leads  and  sides  of  slots  in  the  commutator  bars, 
a  suitable  flux  being,  of  course,  applied  to  the  commutator  con- 
nections before  putting  it  in  the  pot. 

The  plungers  are  then  raised  and  the  solder  flows  back  into  the 
reservoirs  and  the  armature  is  lifted  out.  The  temperature  of  the 
molten  solder  in  the  reservoirs    is    held    at    825-850    degrees    F. 
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by  an  automatic  regulator.  It  is  often  questioned  as  to  whether  this 
liigh  temperature  does  not  injure  the  insulation  on  the  leads.  Such 
is  not  the  case,  as  the  c()i)i)er.  even  in  the  commutator  necks,  reaches 
a  temperature  only  about  half  that  of  the  solder  and  the  whole  cools 
off  very  rapidly  after  being  removed  from  the  \K)t.  For  use  in  a 
pot  of  this  kind,  solder  composed  of  85  parts  tin  and  15  of  lead  is 
best  suited.  Pure  tin  might  be  desirable  but  it  attacks  the  copper  to 
too  great  an  extent. 

For  soldering  the  rear  connections  of  armatures  wound  with 
two  piece  coils,  a  special  gas  heated  iron  is  used  which  gives  not  only 
(juicker  but  better  results  than  a  hand  iron.  The  armature  is  placed 
ill  a  lathe  which  is  fitted  with  gearing  enabling  the  armature  to  be 


FIG.    4 — FOUR    SPINDLE    BORING    MILL 

For  simult^iiicous  boring  of  armature  housing  fits   and   axle   scats. 

turned  to  bring  the  cuiiiicclors  >lowlv  and  uniformlv  under  the  in- 
flucnce  of  the  iron ;  the  ends  of  the  connectors  presented  to  the 
suklenng  device  ha\  ing  been  previimsly   faced  otY  in  a  latlie. 


BE.\RINGS 

Bronze  bearings  both  for  armature  and  axle  seem  to  be  growing 
in  favor,  although  the  iron  shell,  babbitted,  will  usually  give  equally 
good  results,  providing  the  babbitt  is  properly  applied.  Most  of  the 
dilVicultv  experienced  with  babbitted  bearings  is  due  to  the  babbitt 
not  being  ajijdied  properly  and  at  the  correct  temperature.  Bearings 
and  mandrels  must,  in  addition  to  being  clean,  be  .so  arranged  as  to 
preclude  the  formation  of  air  i)ockets.  Further,  every  precaution 
must  be  taken  to  keep  the  babbitt  at  the  temperature  best  suited  for 
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the  alloy  used.  Very  extraordinary  variations  are  produced  in  the 
mechanical  properties  of  many  babbitt  metals  by  differences  in  the 
heat  at  time  of  pouring.  A  mandrel  or  broach  driven  through  a 
babbitted  bearing  increases  the  wearing  qualities  by  adding  to  the 
density  of  the  material  at  and  near  the  surface. 

SPOT    WELDING 

A  recent  development  that  has  been  applied  to  some  extent 
in  the  manufacture  of  electric  railway  apparatus  is  spot  welding. 
The  device  for  performing  this  operation  consists  of  a  trans- 
former supplying  electric  current  at  low  voltage  but  in  consider- 
able quantity  to  two  terminals  which  constitute  the  jaws  of  a 
press  between  which  the  parts  to  be  welded  are  placed  and  sub- 
jected to  pressure  at  the  point  of  the  passage  of  the  current. 


'■■■  .'.■:^:%m 


.  «^-V'' 


^//iii\v  ■ 


FIG.   5 — COMPOUND   DIE   USED   IN    THE   MANUFACTURE   OF   RAILWAY 

MOTOR   PUNCHINGS 

The  spot  weld  takes  the  place  of  a  rivet  or  bolt  and,  when 
properly  made,  the  parts  are  held  even  more  firmly  than  by 
rivets,  and  material  economy  in  manufacture  is  effected.  The 
weld  is  used,  in  the  making  of  pressed  steel  gear  cases,  to  fasten 
the  supporting  plates,  etc.,  to  the  pressed  blank,  for  wielding  to- 
gether several  armature  punchings  to  act  as  finger  plates,  for 
welding  springs  placed  under  field  coils,  attaching  parts  to  switch 
group  covers  and  for  many  other  purposes. 

MOTOR.S    FOR    LOCOMOTIVES 

The  building  of  larger  motors  for  locomotive  work  presents 
some  characteristic  feature?  entirely  different   from  the  ordinary 


NOTES  ON  ELECTRIC  RAILWAY  APPARATUS    1037 

railvvay  motors.  For  instance  the  large  alternating-current  motors 
used  on  the  New  Haven  Railroad  passenger  locomotives  consist 
of  an  outer  steel  frame  or  shell  into  which  the  laminated  mag- 
netic circuit  of  the  field  is  built.  The  armature  is  a  steel  spider 
carrying  the  commutator  and  laminations  assembled  thereon. 
This  motor  is  too  large  for  the  punchings  composing  the  lami- 
nated sections  to  be  made  in  one  piece ;  they  are,  therefore,  punch- 
ed in  .-egments.  These  segments  have  dovetail  shaped  projec- 
tions which  fit  into  similar  shaped  slots  in  the  ribs  of  frame  and 
spider.  The  machining  of  these  slots  requires  very  accurate  work 
as    otherwise    the    laminations    will    be    loose    or    will    "buckle." 


FIG.  6 — soli)i;ri.n(,  iu, 


>i)l.|il  K1N(,    AkMATlKt    l,i;.\li>    IN  lit    K  iM  .M  UTATOR    BARS 


Special  milling  cutters  are  used,  operated  by  a  special  milling  ma- 
chine which  is  mounted  upon  a  dividing  table,  the  whole  oufit  being 
set  down  inside  the  field  frame.  For  the  reason  just  mentioned  the 
peripheral  spacing  of  the  dovetail  slots  must  be  exact,  as  also  the 
distance  of  the  cutter  from  the  center.  The  milling  of  the  spider 
is  accomplished  in  a  manner  similar  to  that  of  the  frame  except 
that  the  s])ider  is  mounted  ujjon  the  dividing  table  and  rot.iti-.l  in 
front  of  the  milling  machine. 

The  i)unchings  are  built  upon  the  spider  and  into  the  frame  by 
individual  pieces,  and  successive  layers,  several  inches  in  thickness, 
are  given  preliminary  pressings  under  an  hydraulic  press.     W  hen   all 
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the  laminations  have  been  put  in  place,  the  end  plates  are  put  on  and 
the  whole  is  subjected  to  a  pressure  of  from  60  to  70  tons  in  the 
case  of  the  field  and  from  100  to  no  tons  in  the  case  of  the  arma- 
ture. The  end  plates  are  held  from  turning  and  from  coming  off  by 
keys.  The  completely  built  up  field  and  armature  core  are  placed 
upon  boring  mills  and  the  inside  surface  of  the  laminations  of  the 
one  and  the  outside  surface  of  the  other  are  ground  to  insure  a 
perfectly  true  air  gap. 

ELECTRIC  LOCOMOTIVE  DRIVE 

^        In  connection  with  the  building  of  electric  locomotives  probably 


FIG.  7 — METHOD   OF   SOLDERING  REAR  ARMATURE    CONNECTORS    OF    TWO-PIECE    COILS 

the  most  thought  and  the  highest  skill  has  been  devoted  to  obtaining 
a  suitable  means  of  transmitting  the  torque  of  the  motors  to  the 
driving  wheels.  The  developing  of  a  drive  for  electric  locomotives 
is  a  very  difticult  mechanical  problem  which  has  taxed  the  ingenuity 
of  many,  and  numerous  preconceived  ideas  have  had  to  be  modified, 
the  experience  obtained  in  building  steam  locomotives  not  having 
sufficed  to  give  the  solution. 

The  method  of  drive  used  for  many  years  for  ordinary  electric 
cars,  namely,  a  single  pinion  and  gear,  the  latter  pressed  upon  the 
axle,  is  inadequate  for  locomotives  of  more  than  a  very  limited  ca- 
pacity, the  unit  stress  in  the  teeth  of  the  gearing  soon  exceeding 
tljg  point  oi  safety.     Further,  the  heavy  weights  involved  in  loco- 
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motive  practice  render  some  sort  of  s]:)ring  support  and  drive  de- 
sirable in  order  to  relieve  the  track  and  locomotive  from  severe 
shocks  incident  to  rapid  motion  over  the  rail  joints  and  other  ine- 
qualities of  the  road.  These  considerations  were  probably  first  met 
in  a  comprehensive  manner  by  the  drive  devised  for  the  first  New 
York,  New  Haven  and  Hartford  passenger  locomotives.  This 
drive  has  often  been  described  but  briefly  it  is  as  follows : — 

The  motors  are  of  the  gearless  type,  the  armatures  being 
mounted  upon  a  quill  which  surrounds  the  axles.  The  field  is  car- 
ried by  bearings  upon  the  quill  and  is  further  supported  on  either 
side  by  springs  and  is  prevented  from  turning  by  torque  rods  be- 
tween the  motor  and  the  truck.  The  quill  is  in  halves,  being 
pressed  into  the  armature  spider  from  either  end.  Each  half  of  the 
(|uill  carries  a  large  flange  from  which  project  se\en  fingers.  The 
driving  wheels  are  provided  with  seven  recesses  or  pockets  into 
which  the  quill  fingers  extend.  The  driving  is  done  by  the  (luill 
fingers,  the  cushioning  eft'ect  being  obtained  by  unsymmetrical  heli- 
cal springs  surrounding  the  fingers  and  separated  therefrom  and 
from  the  inside  of  the  wheel  pockets  by  bushings  to  take  the  wear. 
'Jlirust  springs  are  also  provided,  fitting  into  the  quill  fingers,  which 
are  bored  out  to  receive  them.  It  has  been  found  very  necessary  to 
have  .the  spacing  of  the  spring  pockets  in  the  wheels  very  accurate 
and  the  spacing  in  the  case  of  the  two  wheels  on  an  axle  must  ex- 
actly correspond  as  otherwise  the  irregular  strains  would  .soon  break 
the  driving  si)rings. 

In  assembling  the  motor  upon  the  wheels  and  axles,  the  arma- 
ture with  the  quills  in  ])lace  is  slipped  over  the  axle  which  has  a 
wheel  installed  upon  one  end.  several  solid  bushings  are  placed  over 
the  quill  fingers  (these  bushings  being  of  such  dimensions  as  to 
make  up  the  difference  in  size  between  the  outside  diameter  of  the 
fingers  and  the  bore  of  the  spring  pockets  in  the  wheel)  and  the 
second  wheel  is  pressed  on,  the  bushing  on  the  fingers  serving  as 
guides  to  insure  the  spring  pockets  in  the  two  wheels  being  exactly 
opposite.     No  key  is  needed  between  the  wheel  and  the  axle. 

For  freight  or  slow-speed  locomotives  where  a  gear  reduction 
is  necessary  recourse  has  been  had  to  a  jiinion  oji  each  end  of  the 
motor  shaft  meshing  into  two  gears  mounted  ui)on  a  quill.  The 
motor  in  this  case  is  carried  upon  the  truck  frame  directly  above 
the  quill  and  axle,  and  is  provided  with  bearings  fitting  upon  the 
quill  to  preserve  the  alignment;  the  gears  are  also  i)ressed  upon 
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the  quill.  In  order  to  prevent  one  set  of  gears  and  pinions  from 
transmitting  more  power  than  the  other  set,  the  assembling  is  ef- 
fected as  follows  : — - 

The  motor  is  turned  so  as  to  bring  the  quill  bearings  upper- 
most; the  quill  with  one  gear  on  is  placed  in  the  bearing  and  the 
axle  caps  are  tightened,  care  being  taken  that  the  pinion  and  gear 
are  in  correct  mesh.  The  second  gear  is  then  heated  and  shrunk 
upon  the  quill  so  as  to  mesh  exactly  with  the  second  pinion.     The 

piinons  for  this  drive 
are  cut  in  pairs  so  as 
to  be  exactly  alike,  as 
are  also  the  two  gear 
rims.  The  power  is 
transmitted  to  the 
wheels  by  the  same 
principle  as  outlined 
for  passenger  locomo- 
tives, except  the 
springs  are  supported 
between  brackets  bolt- 
ed to  the  gears  and 
I  TMJL  '>  imni^iiw  ■    i     rifiir--        „^h       driving  wheels.    In  this 

a\  ^smX^H^^i  1^^^^^        H      ^^^^  ^^^'^  ^^^  brackets 

supporting  the  driving 

springs  upon  wheels 
and  gears  must  be  in 
close  relative  align- 
ment on  the  two  sides, 
otherwise  the  life  of 
the  springs  is  much 
reduced  by  unequal 
strain  and  distortion. 
A  ifurther  important 
feature  is  to  have  the  motor  so  mounted  as  to  maintain  the  axle 
at  or  near  the  center  of  the  quill. 

Ttvin  Motors — An  additional  form  of  gear  reduction  drive  that 
has  met  with  considerable  success  has  been  developed  in  connection 
with  the  "twin  motor."  In  this  construction  two  motors  of  mod- 
erate size  are  so  designed  that  their  frames  may  be  bolted  together 
and  the  two  are  equipped  with  an  axle  or  quill  bearing  housing  in 
such  manner  that  the  two  motors  constitute  one  unit.     Each  arma- 


FIG.  8- 


-SPOT  WELDING  SHEET  IRON  GEAR  CASES 
BY   ELECTRICITY 
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tiire  of  tlie  double  unit  has  a  pinicjii  mounted  upon  one  end  and 
these  two  pinions  mesh  with  one  gear.  The  method  of  mounting 
and  of  transmitting  the  power  to  the  drive  wheels  is  essentially  the 
same  as  before  described.  A  locomotive  using  twin  motors  usually 
carries  four  pairs  of  motors.  The  advantages  gained  are  several, 
viz : — the  motor  units  are  comparatively  small  and  easy  to  build 
and  handle;  it  is  possible  to  use  the  same  motors  (except  frame) 
for  heavy  locomotives  and  for  motor  cars ;  the  variety  of  spare 
parts  necessary  to  be  carried  is  reduced ;  and  on  the  locomotives 
one  gear  takes  the  place  of  two,  inasmuch  as  with  two  separate  pin- 
ions driving  one  gear  the  stresses  on  the  teeth  are  those  produced 
by  half  the  torque  of  the  combined  unit. 

Flexible  gears  have  been  made  and  used  to  some  extent  for 
both  locomotive  and  motor  car  work.  The  duty  on  the  gearing  in 
this  service  is  severe  and  the  most  accurate  workmanship  and 
best  materials  are  required. 

Side  Rod  Drive — Owing  to  the  recognized  difficulties  to  be  met 
in  connection  with  the  various  gear  drives  there  have  been  many 
advocates  of  the  side  and  connecting  rod  drive,  although  the  elimi- 
nation of  reciprocating  parts  has  often  been  urged  as  a  strone  ooint 
in  favor  of  the  electric  locomotives.  The  problem  of  adjusting  and 
maintaining  a  side  rod  drive  on  an  electric  locomotive  is  quite  dif- 
ferent from  that  found  in  the  case  of  the  steam  locomotive.  In  the 
first  place  there  is  no  loose  end  corresponding  to  the  piston ;  the 
connecting  rods  from  the  motor  shaft  to  the  jack  shaft  are  much 
more  nearly  rigid  and  the  quartering  of  both  motor  and  jack  shaft 
cranks  must  be  exact  or  pounding  will  occur.  The  fit  of  the  bear- 
ings, and  particularly  of  the  jack  shaft,  must  be  very  closely  main- 
tained, or  vibration  and  knocking  are  soon  manifested. 

In  the  foregoing  no  mention  has  been  made  of  the  control 
parts  or  the  details  of  the  IcKomotive  equii)ments,  both  of  which 
involve  many  and  intricate  problems.  Enough  has  been  said,  how- 
ever, to  indicate  the  nature  of  the  mechanical  questions  confront- 
ing the  manufacturer  of  electric  railway  apparatus. 


FLASHING  IN  RAILWAY  MOTORS 

J.  A.  REEVES 

ONE  OF  THE  important  limiting  features  in  the  design  and 
operation  of  railway  motors  is  the  flashing.-  If  it  were  not 
for  this  feature,  operating  men  could  raise  the  voltage  on 
their  lines  and  manufacturers  could  build  their  motors  more 
cheaply. 

In  the  older  motors  without  commutating  poles,  the  tendency 
to  flash  was  taken  care  of  by  designing  the  motors  with  very  strong 
fields  and  relatively  weak  armatures,  a  liberal  number  of  commu- 
tator bars  and  few  turns  per  armature  coil.  A  field  form  of  a  non- 
interpole  motor  having  a  strong  field  and  weak  armature  is  shown 
in  Fig.  I.  This  curve  represents  the  volts  between  bars  on  the  com- 
mutator at  different  points  between  brushes.     The  readings  for  it 


FIG.    I — FIELD    FORM    OF    A    NON-COM  MUTATING    POLE    MOTOR 
WITH     STRONG     FIELD    AND     WEAK     ARMATURE. 

a — ^Main     field     form,      b — Armature     field     form. 
c — Resultant  field. 

are  taken  by  connecting  two  hard  pencil  points  to  a  low  reading 
voltmeter,  and  reading  the  voltage  as  the  points  are  moved  across 
the  face  of  the  comnuitator,  the  points  being  separated  by  a  dis- 
tance equal  to  the  width  of  one  commutator  bar.  From  this  field 
form  it  can  be  seen  that  the  distorting  effect  of  the  armature  cur- 
rent is  comparatively  small,  so  that  the  voltage  between  bars  is 
quite  evenly  distributed  across  the  commutator. 

A  field  form  of  a  similar  machine  except  that  the  field  is  weaker 
and  the  armature  stronger,  is  given  in  Fig.  2.  This  shows  the  effect 
of  the  distortion  of  the  main  field  by  the  armature.  The  armature 
ampere-turns  add  to  the  field  ampere-turns  on  the  left  half  of  the 
pole,  sending  more  flux  through  this  half  of  the  pole  than  through 
the  right  half.    The  effect  of  this  is  that  the  armature  coils,  cutting 
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llii.s  higher  flux,  will  have  a  higher  \<>ltage  generated  in  them  than  the 
coils  cutting  the  flux  from  the  right  side  of  the  pole.  On  the  face 
of  the  commutator  this  will  show  up  as  higher  voltage  between 
bars  near  tlie  left  hand  hru-^li.  The  high  ampere-turns  at  the  left 
hand  pole  tip  will  send  considerable  flux  out  through  the  coil  which 
is  being  commutated.  This  flux  will  tend  to  make  the  machine 
spark.  Referring  to  Fig.  2.  it  can  be  seen  that  if  a  spark  two  bars 
width  long,  were  produced  from  the  tip  of  the  left  hand  brush,  it 
would  reach  out  to  a  point  on  the  commutator  where  there  is  a 
voltage  of  seven  volts  between  bars.  In  like  manner  a  spark  four 
bar  widths  long  would  reach  out  to  a  p  >int  of  21  volts  between 
bars.  These  voltages  show  that  not  much  increase  is  needed  to 
maintain  this  spark  and  carry  it  across  the  commutator. 


FIC.    2 — KIKI.Ii    FORM    OF    A    NOM-CO.M  MUTATING    POLE    MOTOR 
Wrni     WKAK    KIKLU    A.NI)    STKONc;    AKMATLKE 

a — Main  fu'ld  form,  b — .Armature  field  form — nor- 
mal operation,  c — Resultant  of  a  and  b.  d — Armature 
field  form  cau.sed  by  .sudden  rush  of  current. 

Suppose  the  nvitor  to  be  running  on  a  certain  voltage  at  a  cer- 
tain speed  and  this  voltage  is  suddenly  doubled,  as  is  frequently 
the  case  in  service.  This  causes  a  sudden  rush  of  current  through 
the  motor  many  times  more  than  double  the  current  which  the 
motor  was  taking.  The  armature  ampere-turns  at  the  pole  tip,  plus 
the  field  ampere-turns,  increase  directly  with  this  current,  and  pro- 
duce a  flux  in  the  armature  coil  being  commutated  which  is  sulticient 
to  draw  a  long  spark  from  the  tip  of  the  brush.  The  field 
form,  (/,  in  Fig.  2  shows  how  the  armature  flux  due  to  this 
abnormal  current  rises  in  value.  The  flux  produced  by  the  arma- 
ture ami)ere-turns  flows  around  through  the  armature  core  and 
teeth,  air-gaj)  and  main  jxdc  jiiece.      The  iron  in  this  circuit  is  all 


io44 


THE  ELECTRIC  JOURNAL 


laminated  sO  that  the  tlux  responds  very  quickly  to  sud- 
den changes  in  current,  whereas  the  useful  flux  which  pro- 
duces the  counter  e.m.f.  in  the  armature  coils  must  pass  around 
through  the  yoke.  Since  this  yoke  is  solid  cast  steel  the  flux  in  it 
will  not  follow  the  current  closely  when  the  current  increases  sud- 
denly, but  there  will  b.e  a  slight  time  interval  between  the  rise  in 
current  and  the  rise  in  flux  in  the  frame.  Until  this  flux  rises  to 
the  value  corresponding  to  the  higher  voltage  which  has  been  im- 
pressed on  the  machine,  the  counter  e.m.f.  will  be  low  and  the  cur- 
rent flowing  through  the  machine  will  be  abnormally  high.  The 
flux  caused  by  the  armature  current,  however,  builds  up  quickly 
and  gives  very  high  values  of  voltage  between  bars  across  the  com- 
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FIG.    3 — FIELD   OF   COM  MUTATING   POLE    MOTOR    WITH    WEAK 
FIELD   AND   STRONG   ARMATURE 

a — Main  field  form,  h — Armature  field  form,  c — 
Resultant  field  form  of  a,  b  and  d.  d — Commutating 
pole  field  form. 

mutator  and  under  the  brush.  The  result  is  that  the  machine 
flashes,  from  brush  to  brush  across  the  commutator,,  before  the 
useful  flux  can  build  up  and  cut  down  the  current. 

It  is  interesting  to  note  what  happens  when  a  motor  "bucks 
over."  Once  the  arc  is  started  across  the  face  of  the  commutator 
from  brush  to  brush,  it  is  easily  maintained  by  the  line  voltage.  The 
armature  is  short-circuited  ]:)y  the  arc  and  the  fields  are  connected 
directly  across  the  line.  The  current  in  the  field  coils,  being  limited 
only  by  the  resistance  of  the  coils  themselves,  rises  to  an  enormous 
value.  The  flux  through  the  armature  also  rises  to  an  abnormal 
value,  being  generated  by  the  abnormal  field  current.  Then  we  have 
the  armature,  every  coil  of  which  is  short-circuited  at  the  commu- 
tator,  trying  to   rotate   through   a  flux   which   is   abnormally  high. 
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This,  of  course,  is  impossible  and  the  annature  stops  rotating,  caus- 
ing the  wheels  to  slide. 

If  the  machine  whose  Held  form  is  plotted  in  Fig.  2  is  fitted 
with  commutating  poles,  the  main  field  flux,  commutating  field  flux, 
armature  flux  and  resultant  flux  will  be  shown  in  the  field  forms 
in  Fig.  3.  The  paths  of  the  dilfercnt  fluxes  in  the  mtttor  with  the 
different  coils  producing  them  is  shown  in  Fig.  4.  Within  normal 
range  of  operation  this  machine  will  operate  without  flashing  but 
when  the  voltage  is  suddenly  increased  on  the  motor,  as  in  the  pre- 
vious case,  the  motor  goes  through  the  same  cycle  of  operations  as 
the  non-commutating  pole  motor.    The  useful  commutatihg  flux  must 
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Ijuild  up  through  the  solid  steel  frame  and  commulatinjj^  poles  in 
the  same  way  as  the  useful  driving  flux  must  build  up  through  the 
solid  steel  yoke  and  main  poles.  Rut,  as  in  the  previous  case,  be- 
fore these  useful  fluxes  can  build  up.  the  flux  caused  by  the  arma- 
ture current  has  caused  the  machine  to  "buck  over." 

From  the  alxive  it  can  be  seen  that,  while  commutating  poles 
improve  commutation  and  keep  down  the  flashing  to  a  certain  ex- 
tent, the  machine  must  still  be  liberally  designed  from  the  view- 
point of  flashing  before  it  wmII  operate  satisfactorily.  This  means 
the  contiiuicd  use  of  fairly  strong  fields  with  comparatively  weak 
armatures,  a  liberal  mnnber  of  comnnUator  bars  and  few  turns 
per  coil  in  the  armature. 


A  SYSTEM  OF  MAINTENANCE  RECORDS 

FOR  ELECTRIC  RAILWAY  EQUIPMENT 
T.  M.  CHILDS 

THE  system  of  records  and  reports  used  in  connection  with 
the  maintenance  of  equipment  on  electric  railway  systems  is 
of  great  importance,  especially  on  the  large  systems  where 
material  is  used  and  the  apparatus  is  operated  from  a  large  number 
of  stations.  In  all  cases,  it  is  of  importance  to  know  the  perform- 
ance of  the  different  parts  of  the  equipment,  the  relative  eificiency 
of  the  men  -handling  the  material,  and  the  results  heing  obtained  in 
the  many  departments  that  go  to  make  up  an  electric  railway 
system. 

Such  a  system  of  records  and  reports  not  only  gives  the  relative 
merits  of  material  purchased  from  different  concerns,  but  can  be 
made  to  show  wherein  better  methods  can  be  used  in  applying  the 
material  to  the  equipment.  For  instance,  in  the  methods  of  oiling, 
the  head  of  the  mechanical  department  will  find,  through  the  re- 
ports of  dififerent  stations  or  individuals,  that  a  certain  method 
brings  about  far  better  results  and  a  large  saving  in  material.  This 
method  can  then  be  called  to  the  attention  of  all  men  in  charge  of 
the  lubrication  of  equipment. 

Oiling  Record — A  simple,  yet  very  complete  system  for  the 
record  of  oiling  the  equipment  is  shown  in  Fig.  i.  This  form  is 
for  use  in  each  station  or  terminal  where  such  work  is  done  and, 
through  a  daily  report  from  each  station,  the  records  in  the  office 
of  the  head  of  the  mechanical  department  may  be  maintained.  This 
form  may  also  be  used  for  recording  the  daily  mileage  made  by 
each  car  and  the  time  when  inspection  of  the  equipment  is  made.  To 
accomplish  these  results,  it  would  only  be  necessary  to  add  to  the 
symbols  at  the  bottom  of  the  sheet,  others  to  be  used  in  indicating 
when  and  what  work  was  done  on  each  equipment  and  to  write  the 
mileage  in  the  small  space  under  each  car  and  day,  along  with  the 
symbols.  This  record,  at  the  end  of  each  month,  will  then  show 
whether  equipment  was  inspected  at  proper  intervals,  on  a  daily  or 
mileage  basis,  how  much  oil  was  used  and  the  total  mileage  for  each 
car  and  for  all  the  equipments.  A  form  of  card  to  be  kept  on  each 
car,  showing  its  oiling  record,  for  the  benefit  of  inspectors  and 
oilers,  and  also  instructions  for  oiling  equipment,  is  given  in  Fig.  2. 

Record  of  Inspection — A  simple  record  of  the  inspection  of  the 
individual  equipments,  indicating  also  the  cars  to  De  inspected,  is 
shown  in  Fig.  3.     This  card  is  placed  on  each  car  to  be  inspected 
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by  the  one  in  charge  of  such  work,  and   is  provided  with  a  hght 
metal  holder  and  a  hook  for  fastening  it  to  some  convenient  part  of 
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the  car.  The  form  used  on  the  card  is  so  arranged  as  to  indicate  the 
division  of  work  to  be  done  by  the  different  men  and,  as  each  por- 
tion of  the  inspection  or  repairs  is  made,  it  is  so  shown  by  the  man 
signing  his  name  and   the   date   in   the  blank   space  opix)site   the 
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N.  B.  —  Thia  card  muat  not  be  removed  until  entry  has 
been  made  in  the  new  card  shnwing  last  oilini;  of  the  acveral 
part*.  It  must  then  be  taken  up  and  forwarded  to  the  oftice  of 
the  Superintendent  of  Motive  Power 

Signed 


Fortmam. 


FIG.   2 


divisions  of  work.    The  card  will  then  show  at  all  times  what  work 
remains  to  be  done  or  when  cijuipmont  is  ready  for  service  again. 
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Car  Inspection  Record 


It  also  shows  the  time  at  which  the  car  came  in  for  inspection  and 
when  the  work  was  completed.  From  such  reports  a  more  perma- 
nent record  can  be  made  by  the  head  of  the  department,  showing 
the  time  cars  were  out  of  service,  due  to  inspection  or  repairs  and 
the  relative  efficiency  of  the  men  doing  the  work,  besides  making  it 
possible  to  check  up  failures  to  equipment,  as  the  signing  of  the 
card  prevents  the  shifting  of  responsibility  between  the  men  per- 
forming the  different  parts  of  the  inspection. 

Daily  Inspection  Report — A   car   inspector's   daily   report   for 

equipment  out  of  service  each 
day,  such  as  shown  in  Fig.  4, 
summarizes  the  individual  car 
inspection  records  and  forms 
again  the  basis  for  a  more  per- 
manent record  by  the  superin- 
tendent of  equipment,  such  as 
Fig.  5,  showing  the  time  cars  are 
out  of  service  due  to  inspection 
or  repairs,  the  nature  of  the 
trouble  and  the  number  of  men 
in  each  shop,  station  or  terminal. 
A  monthly  summary  of  this  re- 
port will  give  a  good  idea  of  the 
causes  for  equipment  being  out 
of  service  and  the  length  of  time 
in  each  case. 

Cross  Reports  from  Trans- 
portation and  Mechanical  De 
parments — It  is  often  desirable 
to  have  reports  coming  from 
both  the  mechanical  and  trans- 
portation departments  in  regard 
to  damaged  equipment.  Fig.  6 
shows  two  forms  to  be  used 
by  the  different  departments  in  reporting  cars  which  were  damaged 
while  in  service.  These  reports  coming  to  the  head  of  the  operating 
department  will  give  both  sides  of  the  story  ;  the  one  from  the  trans- 
portation department  showing  the  man  in  charge  of  the  car  at  the 
time  of  the  accident  and  the  cause  for  same ;  the  other,  from  the 
he^d  of  the  mechanical  department,  showing  the  labor  and  material 
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used,  with  the  approximate  cost  for  repairing  the  damaged  parts 
and  the  probable  length  of  time  the  car  will  be  out  of  service. 

Motorman's  Report  of  Equipment — It  is  always  desirable  to 
have  information  of  a  first-hand  nature  come  to  the  head  of  the 
mechanical  department  in  regard  to  the  equipment  as  it  is  perform- 
ing in  service.     Fig.  7  gives  a  form  to  be  filled  out  by  each  motor- 
Trainmen's  Damage  and  Derailment  Report 


Date_ 191- 


Motormen  and  Conductors  must  make  a  full  and  complete  report  of  any  Derailment  or  Damage  to 
the  car  or  equipment  while  in  their  charge  and  forward  same  promptly  to  the  Superintendent. 


Car  No Train  No Time .      . .  .  M . . .        Place. 

Was  car  standing 
Name  of  Motorman or  moving 


Position  of  Motorman If  moving,  how  fast . 

Direction  in  which 
Name  of  Conductor car  was  moving 


Position  of  Conductor   .  Train  was  delayed. 


Give  full  particulars  as  to  Damage  or  Derailment  and  cause  of  same 


Motorman  Conductor 


RCPORT  OF  DAMAGI  TO  CARS  OR  THtIR  CQUIPMCNT 


Mr. 


'General  Manage^ 

Car  No in  charge  of  Motorman— . Conductor— 

waa  turned  in  at ■ Date — ■ — ^ Time- 
damaged  as  follows: 


Supt,— 

FIG.   6 

man  upon  leaving  the  car,  which  serves  as  an  O.  K.  on  the  equip- 
ment by  the  man  who  has  been  operating  it,  or  calls  the  shop  de- 
partment's attention  to  any  defects  which  may  be  noted  by  the 
motorman.  This  report  is  to  be  left  on  the  car  and  removed  by  the 
shop  department  only  after  repairs,  if  any,  have  been  made,  when  it 
is,  in  turn,  sent  to  the  head  of  the  mechanical  department,  with  \\\v. 


MAINTENANCE  RECORDS 


io:;i 


report  of  the  man  making  the  repairs  on  the  equipment  as  reported. 

Records  of  Parts — Figs.  8  and  9  are  forms  to  be  used  for  the 

record  of  each  armature  and  field  of  the  motor  equipment.    These 

forms    contain    a    record    of    eacli    armature    and    field    in    service 


Car  Report 


Car  No.- 


Date- 


{Time- 
Phce- 


Turned  in  - 


LPIace- 


If  car  is  O.  K.  mark  here . 


State  below  defects  on:      %\^i\  and   Emergency  Equipment.  Electrical  Equipment.  Car  Bodies, 
Trucks.  Air,  etc. 


TKO  nirOKT  TO  <£  LUr  ON  CAK. 


Signed . 
FIG.   7 


and  should  be  filed  with  the  rec<^rds  of  the  other  equipment  under 
each  individual  car,  giving  a  complete  record  of  each  part  and  a 
history  of  its  performance.  Fig.  lo  shows  a  similar  form  of  a 
record  of  the  wheels  on  each  a.xle.  Duplicate  tags  for  records  of 
steel  pinions  are  shown  in  Fig.  1 1,  the  original  tag  to  be  retained  at 
the  repair  station,  while  the  duplicate  is  returned  to  the  car  shop. 


FIEFJ)   SKRIAL.   NO. 

IN                                                                             (HT 

WHYr 

Dm. 

CmI» 

■m>  «. 

DM 

mm^ft^ 

ARMATURE 

HKKIAI.  NO. 

IN                                                                           OIT 

WHYT 

•rti 

Cs  ■» 

atm  ■. 

ruu  h. 

■w 

■kM>l>lM> 

r=:rd 

'pT ' 

==n:^===zr^:::^====j 

■==== 

FIGS.  8  AND  9 


From  these  tags  a  complete  report  is  made  up  for  each  steel  pinion. 

as  shown  in  Fig.  12,  which  is  kept  with  the  other  records  of  parts. 

Individual  Time  Cards — An  individual  time  card  to  be  used  bv 
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shop    employes    in    turning    in    time    at    the    end    of    each    day    is 
shown  in  Fig.  13,  carrying  with  it  also  suggestions  of  the  distribu- 


WHEEL  RECORD 

New                           lit                           and                           Srd 

&tI.  n« 

4tb                           Scrap 

Dale  In 

Date  Out 

Dia.In 

Dia.Out 

Car  No. 

I 

MUe« 

Cauae 

Preuure 

REMARKS 

FIG.    10 


tion  of  such  time,  according  to  the  system  of  the  Interstate  Com- 
merce Commission.  Space  is  also  provided  below  for  indicating 
any  special  work  engaged  in  and  the  time  spent  on  such  work,  such 


CAR    SHOPS. 


Sleel  Pinion  No. 


©\ 


z     Irmature  No, 

5 

c     station 
o 

Car  No 


Type. 


Date 

Removed 

This  lig  to  ti  UWati  by  Simon. 


CAR   SHOPS. 


Steel  Pinion  No. 
Armature  No.. 

Station 

Car  No . '. 


Tjpt_ 


.Dale 


Sll'ion  Hopilr  lortmsn  Will  rill  in  Car  Ninbir  irt  Sill  Irt  Rltiri  T^li  tlin  {If  I 


FIG.    II 


as  shop  orders,  etc.,  where  it  is  found  desirable  to  separate  some 
special  kind  of  work. 

Store  Room  Tag — ^A  convenient  tag  for  use  on  material  bins  in 


FIG.  12 


STEEL  PINION  RECORD 

Date 
Applied 

Armature 
Number 

Car 

Number 

Station 

Armature 
Rcnuivpd 

Pinion 
Removed 

Mileage 



——^ — ' 

' — ^— 

the  store  room  is  given  in  Fig.  14,  indicating  the  amount  of  material 
on  hand,  amount  used,  etc. 


MAIKTIINANCE  RIICORPS 


'.1.5 


TIME    CARD 


10 
23 
24 
25 
30 
32 
33 
3S 
36 
38 
39 
66 
72 
85 


DeSOnPnON  OP  WORK 


.1 


Misc.  Roadwflv  ftnd  Track  lixponscs. 

Distribution  Syatcm 

Misc.  Electric  Line  Expenaes 

Buildings  and  Stractnrcs ; 

Power- Plant  Equipment 

Panenger  and  Combination  Cars 

Freight,  Express  nnd  Mail  Cars 

Service  Cars , 

Electric  Equipment  of  Cars 

Shop  Macbincry  and  Tools 

Shop  Expenses 

Car  House  Employes ^ 

Other  Transportation  Expenses 

Store  Expenses 


Systoii  for  I'iliiig  Corrcspoiulciuc  in  Mechanical  Department — 

The  filing  of  the  correspondence  used  by  the  mechanical  department 

of  an  electric  railway 
seems  to  be  one  of  the 
most  difficult  to  provide 
for,  yet  a  very  adecjate 
method  wil  be  found  by 
filing  the  different  cor- 
respondence under  t  h  c 
number  provided  by  the 
Interstate  Commerce 
Commission  for  the  dif- 
ferent accounts,  as  a 
subject  for  each  folder. 
These  folders  may  then 
b  e  sub-divided,  w  h  e  n 
found  necessary,  and  as 
most  emplo\-€S  are  more 
or  less  familiar  with  the 
subjects  and  numbers  of 
the  different  accounts  to 
which  labor  and  material 
are  chargeable  according 

to  this  system,  a  filing  scheme  with  the  same  numbers  and  subjects 

would  be  one  easy  to  become  familiar  with. 

Conclusion — Necessarily,  any  system  of  forms  or  reports  would 

have  to  1)e  modified  to  suit  local 


Rate 


Total 


r>ate. 


.1912           Name.. 
ApproTcd 


Foreman 


FIG.     13 


Order  No. 

Job  No" 

Received  from 
Article 


Date 


Quantity 

Price 

Forwarded  Prevtoui  Qtfd 
Total 


conditions,  and  the  intent  of  this 
article  is  only  to  give  a  .system 
of  siiuple  forms  to  be  used  for 
recording  the  inspection  and 
maintenance  of  the  e(|uipment 
on  electric  cars.  Numerous 
other  forms  may  i)e  provided 
showing  the  performance  of 
tlie  different  parts  of  the  e(iuip- 
mcnt,  but  all  should  be  so  ar- 
ranged as  {n  t<5talize  with  case 
the  results  found  and  to  indicate  <jnly  such  inf"nnati.'n  .1-  wil 
of  value  in  the  future. 


Taken  out 

p«i.itpt 

Dale 

Fi<;.    14 
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FIELD  CONTROL  EQUIPMENT 

OF  THE  MICHIGAN  UNITED  TRACTION  COMPANY 
E.  A.   McELHENY 

THE  Michigan  United  Traction  Company  is  making  rapid 
progress  with  the  extensions  and  betterments  recently  in- 
augurated on  its  system.  Fig.  i  shows  a  map  of  this  system 
and  its  interurban  connections,  which  reach  many  important  points 
in  Southern  Michigan.  These  extensions  and  betterments  include 
overhauling  and  replacing  a  number  of  their  old  equipments,  the 
rebuilding  of  old  cars,  the  purchase  of  many  new  cars  and  equip- 
ments, and  the  changing  of  the  operating  voltage  of  its  interurban 
lines  from  600  to  i  200  volts.  For  the  interurban  lines,  the  com- 
pany is  installing  a  total  of  46  quadruple  equipments  of  600-1  200 


FIG.   I — MAP  OF  MICHIGAN  UNITED  TRACTION  COMPANY  S  SYSTEM 

Jackson  to  St.  Johns,  },T.j  miles.      Jackson  to  Owosso,  70.2  miles. 
Jackson  to  Kalamazoo,  68.4  miles.    Jackson  to  Grass  Lake,  11.4  miles. 

volt,  commutating  pole  motors,  operated  by  unit-switch  field  con- 
trol. A  typical  high-speed  interurban  car  equipped  for  600-1  200 
volt  operation  is  shown  in  Fig.  2. 

MOTORS 

The  motors  used  in  this  installation  are  of  the  box  frame  type 
with  nose  suspension,  supplied  with  safety  suspension  lugs.  Eacli 
motor  has  a  nominal  rating  of  100  horse-power  on  500  volts,  or  115 
horse-power  on  600  volts.     The   motors   are   equipped  with   com- 
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mutating  poles.  'I'hcy  arc  insulated  for  i  2CK)  volts,  and  arranged 
for  tield  control.  High  grade  materials,  a  good  grade  of  insulation 
and  the  latest  improvements^  in  railway  motor  design  have  been 
combined  to  obtain  a  light  weight  motor  ai)plicable  to  high  speed 
interurban  service,  and  at  the  same  time  one  adapted  to  economical 
operation  in  city  or  local  service. 

A  great  economy  in  the  power  consumption  is  effected  by  the 
use  of  field  control  motors.  Another  important  advantage  obtained 
by  the  use  of  this  method  of  control  is  that  motors  with  the  same 
gear  ratio  can  be  used  efficiently  in  both  limited  and  local  service. 
The  field  winding  is  divided  so  that  the  control  equipment  can  cut 
part  of  the  turns  out  of  circuit  as  the  speed  increases,  thus  changing 
the  number  of  eft'ective  turns  in  the  motor  field.  A  motor  of  tiiis 
type  can  exert  a  large  tractive  effort  at  low  speed,  thus  being  able 
to  start  and  accelerate  a  car  economically  ;  and  also  is  able  to  operate 
satisfactorily  at  high  speed  with  the  same  gear  ratio. 

These  motors  offer  a  number  of  features  which  are  advan- 
tageous from  the  standpoint  of  maintenance. 

I — The  commutating  poles  insure  excellent  commutation  at  all  loads. 

2 —The  brushholdcrs  are  of  simple  construction,  easily  assembled 
and  mounted  ;  also  accessible  for  cleaning  and  inspection. 

3 — lironze  shells  lined  with  babbitt  are  used  for  the  armature  bear- 
ings, and  the  axle  bearings  are  of  bronze  with  the  bearing  surfaces 
tinned.  All  bearings  are  lubricated  by  the  oily  waste  system.  Each  oil 
well  has  a  separate  gauging  well  by  means  of  which  the  amount  of  oil 
in  the  bearings  is  lasily  drtcrmined,  and  all  bearings  can  be  kept  well 
lubricated  with  vrry  little  attention  on  the  part  of  the  inspector. 

4 — The  weight  of  the  motor  on  the  a.xle  is  carried  almost  entirely 
by  the  extension  of  the  frame  which  fits  over  the  axle.  The  split  be- 
tween the  frame  and  the  axle  caps  is  such  that  there  is  practically  no 
.strain  on  the  axle  cap  bolts.  The  axle  and  axle  bearings  are  protected 
from  dust  and  dirt  by  means  of  sheet  stiel  <lust  guards  which  are  fitted 
over  the  axle  and  between  the  two  axle  bearings.  These  are  very  effec- 
tive in  increasing  the  life  of  the  axle  bearings,  axles  and  gears. 

5 — Ribbon  wound  armature  coils  give  a  very  solid  and  compact  con- 
struction. Tlie  use  of  ribbon  coiM^-'r  gives  approximately  10  percent 
greater  cross-section  than  round  wire  for  a  given  space. 

CONTROL  EQUIPMENT 

The  control  for  these  equipments  offers  several  new  ami  inter- 
esting features.  ( )n  difYcrcnt  divisions  of  the  Michigan  United 
Traction  Company's  extensive  system,  it  is  necessary  that  the  equip- 
ments obtain  their  jxiwcr  either  from  a  tmlley  or  a  thinl  rail,  and 
that  they  operate  at  full  speed  on  cither  t)00  or  i  200  volts. 

Twenty  of  the  equipments  are  intended  for  operation  on  600 
vtdts  at  the  present  time,  and  these  ecjuipmcnts  are  built  for  llii.> 
service,   but   so   arranged    that,   by   the   addition   of   a   change-oN-^r 
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switch  and  a  few  minor  changes  in  the  wiring,  Jhey  can  readily  bo 
changed  for  600-1  200  voh  operation,  when  desired. 

Twenty-six  of  the  equipments  are  for  use  on  the  Kalamazoo 
and  Lansing  division,  where  they  will  replace  a  number  of  cjuad- 
ruple  ecjuipments  of  old  motors.  These  equipments  include  an 
electro-pneumatically  operated  main  change-over  switch  for  chang- 
ing over  the  dynamotor  and  main  circuits  for  operation  on  either 
600  or  I  200  volts,  and  an  electro-pneumatically  operated  shoe  and 
trolley  change-over  switch  for  changing  from  third  rail  to  trolley 
operation  or  vice  versa.  These  switches  are  interlocked  electrically, 
so  that  neither  can  be  thrown  while  power  is  being  applied  to  the 
main  circuits,  nor  can  one  be  operated  unless  the  other  be  fully 
thrown  intone  of  its  two  positions. 


FIG. 


-llKiH     SPKED    I  200    VOLT    INTERURBAN    CAR. 

The  shoe  and  trolley  change-over  switch  is  of  the  same  general 
type  as  the  field  change-over  switch  and  reverser.  This  change- 
over switch  has  ample  current  carrying  capacity  for  operating  a 
train  of  three  cars  from  a  single  trolley  or  set  of  shoes,  and  has 
been  carefully  designed  for  operation  on  i  200  volts.  Its  contacts 
are  overlapped  so  that  the  change  from  third  rail  to  trolley  can  be 
made  without  interrupting  the  dynamotor  or  lighting  circuits,  pro- 
viding the  third  rail  and  trolley  are  of  the  same  voltage  at  the  point 
where  the  change  is  made. 

The  main  change-over  switch  is  arranged  so  as  to  connect 
two  motors  permanently  in  series  and  the  sections  of  the  grid  re- 
sistor in  series  for  i  200  volt  operatoin,  while  for  600  volt  opera- 
tion it  connects  two  motors  permanently  in  parallel  and  parallels 
the    sections    of    the    niain    resistor.     This    arrangement    permits 
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the  operation  of  tlie  uiotors  at  lull  speed  (Jii  either  Oocj  or  i  2(A) 
volts.  The  dynaiiiotor  circuits  are  supphed  with  hlow-out  coils  so 
that  the  change-over  switch  can  he  operated  without  stopping  the 
dynanioidr  or  cutting  oit   the  lights. 

The  \arious  main  i-ircuit  connections  on  each  car  are  made  hy 
means  of  a  total  of  thirteen  pneumatically  operated  unit  switches. 
l''le\en  of  these  f(i]-ni  the  switch  grouj),  and  two.  mounted  in  a 
separate  frame,  are  used  as  line  switches.  Jdie  c(jntrol  wiring  is 
so  arranged  that  eight  of  these  switches  are  controlled  hy  the  ac- 
tion of  the  overhead  trip  relay  which,  when  actu.atcd.  opens  the 
control  circuits  for  these  switches  and  insures  a  number  of 
breaks  in  series  in  case  of  an  overload  or  short  circuit.  The 
motors  are  operated  with  full  fields  on  all  steps  except  the 
last  step  in  parallel,  on  which  notch  the  connections  are  changed 
from  ■■full  field"  to  ■'normal  field."  Moving  tlie  master  controllei 
to  ibe  last  position  energizes  certain  control  circuits  which  in  turn 
effect  this  change  from  full  field  to  normal  field. 

The  operation  of  the  train  is  governed  by  a  master  controller 
which  controls  the  o])eraiion  of  the  magnet  \-al\e<,  and  thus  direct-^ 
the  movement  of  the  switches,  reverser  and  held  change-over 
switch,  thereby  regulating  the  oj:)eration  of  the  motors.  The  cars 
are  all  c([uipped  for  single  end  ojieration.  The  master  controller 
has  a  total  of  ele\en  n;)tches;  si.x  in  "series,"  and  five  in  "par- 
allel,"" and  includes  the  so-called  "dead-man's  handle"  feature. 
From  the  master  controller,  the  control  circuits  are  carried  to  a 
nuilti-conductor  train  line  from  which  branch  circuits  are  run  t'^ 
each  piece  of  apparatus.  This  train  line  extends  the  entire  length 
of  each  car  and  terminates  in  two  twelve-point  receptacles  at  each 
end  of  the  car.  1'he  train  line  of  any  car  may  be  connected  to  that 
of  any  other  car,  at  either  end.  by  means  of  two  twelve-conductor 
jumi)ers  place<l  in  the  receptacles.  \\  hen  this  is  done,  the  train  line 
is  then  made  continuous  through  all  of  the  cars.  Operating  the 
master  controller  on  any  car  under  these  circumstances,  <iperatcs 
the  respective  pieces  of  apparatus  on  all  car-^  simultanc<nisly.  .\- 
a  matter  of  convenience,  the  connections  between  the  train  line  and 
the  branch  control  circuits  to  the  several  i)icces  of  aj)paratus  are 
made  in  junction  boxes. 

A  uni(|ue  feature  of  these  equipments  is  the  arrangement  of  the 
train  line  receptacles.    There  are  three  of  these  receptacles,  two  foi 
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the  train  line  and  one  for  the  hus  hne  circuits,  and  they  are  sup- 
ported by  the  radial  draw  bar.  This  arrangement  necessitates  only 
one  set  of  receptacles  on  each  end  of  the  car,  in  place  of  two  sets 
in  multiple,  as  is  required  where  the  receptacles  are  located  on  the 
dash,  and  very  short  jumpers  are  used  which  cross  under  the 
couplers.  Only  twelve  wires  are  necessary  for  the  usual  field  con- 
trol, but  in  this  case  two  extra  wires  each  are  required  for  Irain 


■ 

K^ 

p     iil^^^^iHi|HfejT:4^.-&,-: 

1  T 

1 

1 

^B^^^^^^mt 

FIGS.    3    AND    4 — FRONT    AND    REAR    VIEW    OF    UNIT-SWITCH    GROUP    FOR 

FIELD    CONTROL 

Used  by  Michigan  United  Traction  Company. 

operation  of  the  main,  and  shoe  and  trolley  change-over  switches. 
In  addition  to  these,  extra  wires  were  required  for  the  operation  of 
signals  and  for  synchronizing  the  compressors.  A  i  200  volt  bus 
line  receptacle  and  jumper  are  used  for  supplying  jDOwer  for  heat- 
ing and  lighting  the  trail  cars,  or  for  operating  motor  cars  in  trains 
with  only  one  trolley  raised.     The  bus  line  receptacle  is  mounted 
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under  the  draw-bar  between  the  two  train  Hne  receptacles. 

Compressed  air  for  operating  the  switches,  reverser  and  change- 
over switches  is  obtained  from  the  air  brake  system  through  a  re- 
ducing valve  set  for  70  pounds  pressure.  The  air  is  admitted  to  or 
released  from  the  cylinders  through  electrically-operated  magnet 
valves  attached  to  the  cylinders.  Power  for  operating  the  magnet 
valves  is  obtained  through  a  shunt  circuit  from  a  control  resistance 
which  is  connected  to  the  trolley  by  the  master  controller  on  600 
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volts,  but  on  I  200  volts  this  control  resistance  is  connected  to  the 
600  volt  tap  of  the  dynamotor. 

The  dynamotor  and  compressor  arc  combined  into  a  single 
piece  of  apparatus  called  the  dynamotor  compressor,  which  fur- 
nishes low  voltage  current  for  the  lighting  and  control  circuits,  and 
also  supplies  air  for  the  air  brake  system.  The  dynamotor  run^ 
continuously,  but  the  compressor  part  of  the  unit  operates  only 
when  necessary  to  keep  up  the  air  ])ressure.  and  is  controlled  auto- 
matically by  the  action  of  a  governor. 

The  train  line  is  rendered  safer,  and.  in  fact,  the  whole  e(|uip- 
mcnt  more  reliable,  by  the  arrangement  of  the  control  resistance. 
This  resistance  is  not  connected  in  scries  with  the  maget  coils,  but  is 
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connected  in  shunt  across  the  Hne  when  the  master  controller  i;?' 
"on."  The  magnet  coils  are  operated  from  a  low  voltage  tap  on  the 
resistance.  Thus,  normally,  only  one  of  the  train  line  wires  carries 
full  trolley  voltage,  while  the  remainder  are  subjected  to  voltages 
of  one-third  or  less,  instead  of  all  the  auxiliary  circuits  being 
operated  at  full  line  voltage,  as  is  usual  in  some  systems  of  line 
operated  control. 

The  control  resistor  is  made  up  of  strips  of  slotted  steel  ribbon 
insulated  with  mica  and  enclosed  in  flattened  sheet  iron  tubes. 
These  resistance  elements  are  similar  to  flat-iron  heating  elements, 
and  this  arrangement  gives  an  exceptionally  substantial  and  reli- 
able resistance. 

The  grid  resistors  are  similar  in  construction  to  the  standard 
resistors  for  600  volt  equipments,  except  that  the  insulation  be- 
tween individual  grids  and  between  grids  and  end  frames  has  been 
increased  for  i  200  volt  service. 

Overload  protection  is  afforded  by  the  line  switch,  which,  in 
connection  with  an   overload  trip   relay,  acts  as  a  circuit  breaker. 

In  case  of  an  overload  or  short  cir- 
cuit, the  action  of  the  overload  trip 
will  open  these  switches  as  well  as  cer- 
tain switches  in  the  switch  group,  and 
thus  cut  off  the  power.  The  function 
of  these  switches,  however,  is  not 
merely  that  of  a  circuit  breaker  which 

FIG.     6 — MAGNETIC     BLOW-OUT  ,  ,  ,         ,  ,         , 

FUSE  BOX  opens    only    under    overload    or    snort 

circuit,  but  they  also  open  every  time 
the  handle  of  the  master  controller  is  returned  to  the  "oft""  posi- 
tion, so  that,  in  addition  to  the  opening  in  case  of  short  circuit, 
they  assist  in  opening  the  circuit  under  normal  operating  conditions, 
Whenever  the  overload  trip  operates,  the  switches  opened  cannot  be 
closed  again  until  the  trip  has  been  reset  by  moving  the  control 
switch  to  the  "reset"  position  or  by  manually  releasing  the  latch  on 
the  trip. 

To  provide  the  additional  protection  for  the  equipment  against 
overloads  and  short  circuits,  a  copper  ribbon  fuse  is  used.  This 
fuse  is  enclosed  in  a  fuse  box  which  is  supplied  with  blow-out  coils 
arranged  with  properly  placed  iron  parts  of  the  box  to  give  a 
powerful  blow-out  eft'ect  on  any  arc  due  to  the  blowing  of  a  fuse. 
This  box  is  designed  to  have  ample  current  capacity  for  C)Oo  volt 
operation,  and  at  the  same  time  sufficiently  powerful  blow-out  eff'ect 
to  give  excellent  results  on  i  200  volts. 
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IX  'nil-:  DIM'.MATIi  ).\  (»f  intcrurljan  systems,  it  is  likely  that 
no  problem  has  received  more  thou^jht.  or  has  involved 
greater  difliculties  than  the  economical  handling  of  freight 
traffic.  Many  factors  are  to  be  considered,  including  the  necessity 
of  adequate  terminal  facilities,  regulations  of  commerce,  city  ordi- 
nances limiting  operation,  etc.  On  the  ordinary  interurban  system, 
the  primary  condition  imposed  is  to  handle  freight  by  the  running 
of  additional  trains,  with  a  sub-station  and  distributing  system  al- 
ready loaded  to  capacity  and  with  but  little  outlay  permissible. 
Therefore,  minimum  power  consumption  and  low  peak  loads  are 
essential. 

SELECTION    OF    LOCOMOTIVE 

The  maximum  allowaljle  current  should  be  known  and  the 
locomotive  and  size  of  train  projxDrtioned  to  fit  this  requirement 
within  a  reasonable  limit.  An  important  decision  to  be  made  in  the 
beginning   is   the   determination  of   the   weight   of   the   locomotive. 

TA15LE    I— COMPARISON    OI-    CHAKACTKKiSTICS   OF   HIGH    AXD 

LOW  SPEED  MOTORS. 

No.  I                                            Motor  No.  2 

Tkx)                                                Volts  600 

670                                         R.  P.  M.  300 

246                          lull-liiail   current   in   anii)crL'.s  152 

175                                         Horse-Powor  loo 

3550                              Tractive  effort  in  pounds  4.^.^0 

Among  the  other  factors,  the  weight  of  rail,  condition  oi  ballast 
and  maximum  weight  the  bridges  will  stand,  should  be  considered. 
The  weight  of  the  locomotive  selected  should  obviously  be  i)rt)i)er- 
1\-  proportioned  with  the  motor  e(|uipment.  so  that  if  an  al- 
temi)t  is  made  to  pull  excessive  overloads,  the  driving  wheels  will 
slip  an<l  no  harm  result. 

For  the  sake  of  illustration,  consider  two  motors  of  like  weight 
and  size,  wound  for  ditTerent  speeds,  of  the  characteristics  shown  in 
Figs.  I  and  J.  .A  comparison  of  the  characteristics  of  these  two 
motors  is  given  in  Table  T.  To  compare  the  performance  of  two 
locomotives  of  like  weight,  equipped  with  these  two  types  of  motors, 
consider  loconuUivc  Xo.  1  e(|uipped  with  four  high-speed  motors, 
having  the  characteristics  shown  in  I'ig.  i.  and  locomotive  No.  2 
etpiipped  with  four  slow-speed  motors,  willi  characteristics  as  in 
Fig.  2.  r>oth  ecjuipments  have  a  gear  ratio  of  17:60  with  .^.^-inch 
wheels,  and  both  locomotives  weigh  45  tons,  all  on  the  drivers. 
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From  Table  II  it  will  be  seen  that  locomotive  No.  i  will  pull  38 
cars  weighing  45  tons  each  at  a  speed  of  9.2  miles  per  hour,  as 
against  19.1  miles  per  hour;  the  slow-speed  locomotive  requires  but 
928  amperes  during  acceleration,  as  against  i  800  on  the  part  of  the 
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FIG.       I — CHARACTERISTIC      CURVES 
OF    HIGH-SPEED    MOTOR 

Applicable    to    ordinary    inter- 
urban  passenger  service. 


FIG.     2 — SIMILAR     CURVES     FOR     A 
SLOW-SPEED    MOTOR 

Suited    to    locomotive    freight 
service. 


higher  speed  locomotive.  The  sacrihce  is  in  the  locomotive  speed, 
and  as  a  rule  high  locomotive  speeds  are  not  required. 

The  relation  between  the  above  locomotives  as  to  speed  and 
hauling  capacity  on  the  basis  of  a  definite  current  demand  at  start- 

TABLE  II— COMPARATIVE  PERFORMANCE  OF  HIGH  AND  LOW 
SPEED  LOCOMOTIVES  OF  EQUAL  WEIGHT 


No.  I 
30000 

38 

1 1950 

19. 1 

1800 
450 


a — "Max.    tractive    effort,    lbs.     (starting    with 

sanded  rail) 
b — Max.  number  of  45-ton  cars  which  can  be 

started  on  level  track,  based  on  (a) 
c — Running    draw-bar    pull,    lbs.,    with    same 

trailing  load  as  in  (b) — 1710  tons 
d — -Balancing  speed,  miles  per  hour  at  600  volts 

corresponding  to   (c) 

e — Starting   current   per   locomotive,    amperes 

f — Starting  current   per   motor   corresponding 

to  (a),  amperes 


No.  2 
30000 

38 

II 950 

9.2 

928 
232 


ing  is  shown  in  Table  III ;  while  the  virtue  of  slow-speed  windings 
to  affect  a  definite  haul  at  a  reduced  current  consumption  is  indi- 
cated in  Table  IV".  The  basis  taken  is  a  haul  of  a  definite  trailing 
load  of  675  tons. 

Inasmuch  as  the  question  of  motor  capacity  is  largely  one  of  tern- 
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peratures,  forced  ventilation  has  been  used  effectively  in  obtaining 
a  maximum  output.  .  The  continuous  rating  of  railway  motors 
varies  ordinarily  from  45  to  50  percent  of  the  one  hour  rating,  and 
through  the  medium  of  forced  ventilation,  this  has  been  increased 

TABLE  III— COMPARISON  OF^  SPEEDS  AND  HAULING  CAPACITY 

EOR  GIVEN   CURRENTS 

No.  I  Locomotive  No.  2 

2^2  .\ssume(l     current     in     amperes     per     motor  232 

928  Maximum    accelerating    current    in    amperes  928 

per  locomotive 

3250  Starting     tractive      effort     per     motor,     lbs.  7500 

13000  Starting    tractive    effort    per    locomotive,    lbs.  30000 

16  Trailing   load — No.   of  45-ton   cars  38 
24.4  Balancing  speed  at  600  volts  on  level  tangent  9.2 

in  miles  per  hour 

to  60  to  75  percent  of  the  one  hour  rating.  The  continuous  capacity 
of  the  motor  equipment  is  increased  by  45  to  60  percent  of  that 
obtained  with  natural  ventilation. 

TABLE  IV— COMPARISON  OF  SPEEDS  AND  CURRENT  FOR  GIVEN 

HAULING  CAPACITY 

No.i                                      Locomotive  No.  2 

15  cars  at  45  tons  each  Trailing  load  15  cars  at  45  tons  each 

675  tons  total                                                                          675  tons  total 

12600        Accelerating   tractive    effort    per    locomotive  12600 

on  level   track,  lbs. 

3  150        Accelerating   tractive    effort    per    motor,    lbs.  3  150 

900                Accelerating  current  per  locomotive  468 

225                     Accelerating  current  per  motor  117          • 

24.6        Balancing    speed    on    level    tangent    in    miles  12.4 

per  hour 

While  the  electrical  characteristics  of  a  motor  equipment  for 
locomotive  service  are  of  utmost  importance,  mechanical  considera- 
tions are  at  least  as  important.     Among  the  imiK^rtant  features  in- 

TABLE  \'-TRAlLlNG  LOAD  IN  CARS  OE  45  TONS  EACH   AT 

ONE  HOUR  RATING 

No.  I  Grades— Percent  No.  2 

38  level  38 

17  K'  22 
10                                                    I  14 

62  7 

5  4  4 

corporated   in   modern   designs   are   spider   armature  construction. 

tending  to  greatly  reinforce  the  armature  shaft;  spring  jiacked  Tiold 

coils,  to  eliminate  vibration  of   this   clement ;  bolted-type  c<ininui- 

tators,  to  eliminate   loose  bars;   strap   wound   armature   and   field 

coils,  .'tffortling  a  great  rigidity  and  increased  sj^acc  economy:  box 

frame  motors    with    overhung    frames ;    superior    insulation ;  and 

rigid  two-point  suspension  of  gear  cases. 

The  effect  of  grades  on  the  hauling  capacity  of  locomotives  is  in 

many  cases  a  determining  feature.     On  a  grade  the  resistance  due 
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to  friction  is  increased  by  that  due  to  lifting  a  train  against  the 
force  of  gravity.  Assuming  a  locomotive  resistance  of  15  pounds 
per  ton,  a  car  resistance  of  seven  pounds  per  ton  and  an  accelerating 
force  of  ten  pounds  per  ton,  Table  V  shows  the  severe  efifect  of 
grades  in  reducing  the  weight  of  the  train  which  may  be  hauled 
by  the  locomotive  at  the  hour  rating  of  its  motors.  Referring  to 
Table  III  it  will  be  seen  that  the  extreme  limit  for  level  tangent 
track  is  38  cars,  based  on  an  adhesion  limit  of  33   1/3  percent. 

While  the  figures  for  hauling  capacity  on  grades  correspond  to 
the  hour  ratings  of  the  motors,  it  should  be  understood  that  this  is 
not  an  absolute  indication  of  the  motors'  real  capacity,  as  the  motors 
may  be  already  warm  when  reaching  the  grade,  but,  on  the  other 
hand,  it  will  require  considerably  less  than  an  hour  to  get  the  train 
over  the  ordinary  grades  found  in  interurban  work.     Therefore,  it 
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FIG.    3 SIXTY -TON   LOCOMOTIVE,    FOR    SWITCHING    SERVICE 

On  the  Niagara  Junction  Railway. 

is  permissable  to  use  this  value  for  comparative  purposes  only,  as 
shown  in  Table  V. 

A  considerable  prejudice  exists  in  some  localities  against  freight 
haulage,  due  to  the  excessive  drop  in  line  voltage,  accruing  from  the 
hauling  of  heavy  loads  with  motor  equipments  of  comparatively 
high  armature  speed,  and  small  gear  reduction.  The  voltage  condi- 
tions obtained  during  a  given  operation  must  of  necessity  receive 
close  attention  and  the  distinct  reduction  in  line  drop  with  locomo- 
tives equipped  with  slow-speed  motors  is  not  only  of  interest,  but 
of  considerable  value  in  permitting  the  haulage  of  heavy  trains. 

To  illustrate  this  condition  assume  a  section  of  trolley  and  dis- 
tribution system,  ten  miles  in  length  with  a  rotary  converter  station 
at  each  end;  a  trolley  consisting  of  one  line  of  No.  0000  B.  &  S. 
wire;  a  feeder  consisting  of  one  line  of  300000  circ.  mil  cable  and 
rails  weighing  70  pounds  per  yard  and  bonded.  The  drop  in  po- 
tential for  the  feeder  and  trolley  system  is  10.75  volts  per  mile,  per 
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loo  amperes.  The  clrop  in  potential  for  the  IracU  or  return  circuit 
is  ,V5  volts  i)er  mile,  j)er  loo  amperes,  'ihe  total  drop  in  jjotential 
for  the  outgoing  and  return  circuit  is  therefore  14.25  volts  per  mile, 
per  i(X)  amperes.  'J'he  line  dro])  is  to  be  figured  for  both  starting 
and  rumiing  conditions,  with  a  trailing  load  of  jifteen  45-ton  cars, 
or  675  tons,  with  the  locomotives  considercfl  in  previous  tables. 

Ctise  I — Train  lialf-way  and  current  equally  divided  between  substations. 

Voltage  dro])  i)er   100  amperes  —  5  (miles)  X  14.25  (volts  per  mi.)  ^71.25 

N':)    1  Locomotive  N'o.  2 
Slur  till;/ 

1x10  Line  current  in  amperes  468 

450  Line  current  from  each  sulj-st;iti<in  234 

4.5X71.25  =  321  Line    drop-volts  2..?i  x  71.25  =  167 

Running 

504  Line  current  in  amperes  260 

252  Line  current  from  each  sub-statinn  130 

2.52X71.25=179  Line  drop-volts  1.30X71.25=    93 

Case  11 — Train  2.5   miles    from   one   substation   and   7.5   miles    from   the 

other.     CurreiU  will  be  divided  between  substations  in  the  ratio  of  75  percent 

from  the  nearer  and  25  i)ercent   from  the   farther  station. 

X'olts    dro])   per    100   amperes    to    nearer   station  ^  14.25  x  2.5  ^  35.67 
Volts   dro])   per    100   amperes   to   farther   station  =  14.25  x  7.5  =  107 

Locomotive  Xo.  2 

Line  current  in  ami)ere>  4<j8 

Line  current  from  nearer  sub-station  0.75X468  =  351 

Line  droi)-volts  3.5I  "^  35-^>7  = '-5 

Line  current  from  farther  sub-slation  0.25  x     468=  117 

Line  drop-volts  1.17X     107=125 

Line  current  in  .amperes  260 

Line  current  from  nearer  sub-station  0.75  x     260  =  195 

Line   drop-volts  1-95  ^  35-67=    70 

Line   current    from    farther   sub-station  0.25  x     260=    65 

Line  dr.ip-volts  0.65  X     107=    70 

There  ha^  in  the  past  been  a  considerable  feeling  that  the 
horse-ix)wer  rating  of  a  motor  should  have  precedence  in  the  selec- 
tion, but  broader  experience  has  proven  this  to  be  a  fallacy,  and  the 
above  examples  will  show  that  the  .selection  should  be  influenced 
lar![,'ely  by  proper  speed  characteristics  of  the  motor  ef|uipment. 

l.ofOMOTIVK  F.QIIPMF.NTS 

Sitice  an  entire  train  is  dependent  upon  the  reliability  of  the 
engine,  the  continuity  of  .service  of  a  locomotive  is  of  vital  imjjor- 
tance.  During  the  i)ast  several  years  great  strides  have  been  made 
in  the  perfection  of  control  e(|uipment.  and  at  the  present  lime 
control  apparatus  is  available  which  atTords  a  reliability  in  .service 
and  cctMioniy  in  maintenance  ecpialing  that  of  the  best  railway 
motors.  The  tendency  lias  been  decidedly  in  the  direction  of 
remote  control,  due  to  ihe  ability  to  carry  heavy  currents,  prevent 
arcs  and  decrease  the  element  of  danger  nn.l  .-n^t  of  m.Tinfriianrc. 


No 

I 

Starting 

0 
6. 
0. 
2, 

900 
.75x900  = 
75  X  33-67  : 
25  X     900 : 
25  X      107  : 

]\iiunin(/ 

:675 

=  241 
—  ^^^ 
=  241 

0. 

3. 
0 

I. 

504 
75  X     504 
78  X  35.67 

.25  X     504 
26  X     107 

=  378 

=  135 

=  12(. 

=  L^5 
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In  developing  control  apparatus  to  the  present  state  of  efficiency, 
the  following  points  have  been  given  considerable  attention : — • 

I — To  secure  positive  operation  under  all  voltage  conditions  and  loads 

imposed 
2 — To  permit  the   frequent  opening  of  power  circuits,   without  undue 

burninf;  on  contacts  or  switch  box  sides. 
3 — To    secure    ready    accessibility    of    working   parts,    thus    decreasing 

the  cost  of  up-keep. 
4 — Heavy  springs  insure  the  opening  of  the  switch  when  desired,  which, 

together   with    heavy    magnetic   blowouts,    reduces    the    burning    on 

switch   parts   to  a  minimum. 

These  features  are  made  possible  through  the  use  of  com- 
pressed air,  which,  in  it- 
self, affords  a  high  contact 
pressure,  increasing  con- 
siderably the  current  to  be 
handled  reliably  with  a 
given  contact  surface  and 
at  a  given  heating. 

The  ability  to  operate 
control  apparatus  on  ex- 
tremely low  line  voltage 
and  with  no  reduction  in 
switch  contact  or  pressure, 
is  of  prime  importance  in 
locomotive  service.  The 
maximum  voltage  drop  is 
at  just  the  time  the  loco- 
motive is  drawing  the 
heaviest  currents  from  the 
line  and  when  heavy  con- 
tact pressures  are  most 
needed.  Through  the  med- 
ium of  electro-pneumatic 
control,  a  constant  pressure 
is  kept  on  switch  contacts. 
High  power  pneumatically-operated  reversers  have,  by  reason 
of  inherent  construction,  proven  particularly  well  adapted  to  the 
heavy  locomotive  service.  Pressures  of  approximately  thirty  pounds 
are  used  on  the  contacts  and  segments,  which  result  in  wiping  off 
any  ordinary  burr  or  scar  that  may  be  encountered  in  service. 

There  is,  further,  the  point  of  adequate  motor  protection,  and 
along  this  line,  overload  trips  have  been  adopted  to  act  as  circuit 


FIG. 


-MOTOKMAN'S  STATION  ON  A  60-TON 
LOCOMOTIVE 
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breakers,  which  are  dependent  primarily  on  the  magnetic  action  of 
coils,  translating  the  motor  current  to  a  mechanical  force,  and 
tripping  the  mechanism  at  the  setting  desired.  With  this  device,  the 
only  variable  is  the  air-gap  and  for  a  given  adjustment,  there  is  no 
appreciable  variation. 

In  the  o])erati<»n  of  modern  railroad  trains,  the  art  and  practice 
of  braking  has.  ])erhaps,  taken  precedence  over  the  other  features. 
The  many  factors  of  safety  and  reliability  are  largely  dependent 
upon  the  proper  selectit)n  and  operation  of  the  brake  ecjuipment. 

Further,  to  secure  a  maximum  haul- 
ing capacity  and,  therefore,  the 
•greatest  economy  in  operation,  the 
air  brakes  must  show  accuracy  and 
reliability   in   train  haulage. 

Electric  locomotives  require  au- 
tomatic brakes  of  the  most  approved 
type  for  the  handling  of  trains  and, 
at  the  same  time,  demand  the  flexi- 
bility of  straight  air  brake  equip- 
ment when  operating  as  a  single 
unit.  To  insure  a  smooth  handling 
of  train  and  avoid  damage  to  lad- 
ing and  rolling  stock,  there  must 
be  an  extreme  flexibility  of  service 
operation,  which  requires  a  further  flexibility  in  the  control  of  the 
brake  cylinder  i)ressure  between  maximum  and  minimum  values. 
In  the  equij)ping  of  electric  locomotives,  there  is,  of  course,  the 
fundamental  consideration  of  arranging  all  api)aratus  so  as  to  prop- 
erly i)crforni  its  function  and  to  |)revent  even  the  slightest  jxissibil- 
ity  of  trouble.  .\ni>ther  consideration  is  the  economical  placing  of  all 
parts  for  easy  inspection  and  adjustment,  and  the  elimination  of 
noise.  The  "central  arrangement"  of  apparatus  has  come  into 
favor  as  accom])lisliing  these  ends.  In  this  method,  the  power  cir- 
cuit control  apparatus  and  the  grid  resistances  are  mounted  in  the 
center  of  the  locomotive  cab.  surrounded  by  screens  which  serve  as 
a  protectifMi  against  accidental  contact,  and.  at  the  same  time,  give 
a  g(Kid  view  of  the  a|ii)aratus.  The  grid  resistors  arc  located  near 
the  roof,  which  permits  the  heat  to  rise  and  pass  directly  out  through 
the  ventilators,  so  that  little  of  the  heat  reaches  the  other  pieces  of 
apparatus.  There  is  a  distinct  advantage  in  placing  all  the  control 
apparatus  in  one  j^art  of  the  locomotive  rather  than  scattering  it  in 


FIG. 
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various  locations.     The  protective  screen  can  readily  be  removed 
to  allow  easj'  access  to  the  control  parts  for  adjustment  or  repair. 

The  location 
locomotive  ho: "  ~ 
the  cab.    The; . 
the  hood  door-     r  ..., 


HC    6 — Ct  .'^JSt^y.GfESKEJiT    OF    CCWT?.. 

JPPAKATCS  «»  A  STEEL-TTPE  lOCWMOnVE 


a  su 


■Terse 


-essor  or  blower  motors  under  the 
eature  of  objectionable  noise  inside 
'-^^-pected  or  lifted  out  by  removing 
mt  disturbing  other  apparatus. 
In  the  right  hand 
comers    of    the    cab 
are  mounted  the  mas- 
ter   controller,    engi- 
neer's    brake    valve, 
control     switch     and 
an}-     other     de\-ices 
necessar)-     for     im- 
mediate    control     by 
the  motorman,  all  be- 
ing so  located'  as  to 
allow  the  inotorman 
a  clear  view  of   the 
track    re^rdless     of 
the  direction  ofrun- 

MECH-^XIC.^L  PARTS 

The  underframing 
o  f     the     locomotive 
been    accurately 
termed     the     "back- 
bone"  of   the   struc- 
ture.     This    acts    as 
er  portion  of  the  equipment 
'  '  couplers  the  pulling  force 
-'  this  structure  care  for 
-ected  to  severe  shock, 
mjmercml  shapes  is 
e  longitudinal 
annels,  while  the 
:re  underframing  is  in  the 
-  renders  the  structure  not 
be  effected  in  a 
•';-  of  operating 


jtisiist  of 


INTERVRBAX  ELECTRIC  LOCOMOTIVES        lOfj^ 

o\tr  city  streets  and  into  temiinal  cities  over  ver\-  sharp  curves,  the 
radial  draw-bar  is  in  general  use  on  a  large  number  of  locomotives. 
These  locomotives  are  required  to  operate  largely  with  steam  road 
equipment  and  for  this  reason,  M.  C.  B.  couplers  have  come  into 
common  usage,  placed  at  a  height  of  34^  2  inches  above  the  rails. 
Experience  has  shown  that  for  locomotives  up  to  and  including 
65  tons,  four-wheeled,  swivel  trucks  render  excellent  ser^-ice.  These 
trucks  are  of  sufficiently  long  wheel  base  to  give  a  satisfactory- 
weight  distribution  and,  at  the  same  time,  permit  operation  on  5har^> 
curves  and  switches,  running  in  either  direction.  These  trucks,  of 
necessity,  must  be  designed  to  perform  the  double  function  of  carry- 
ing the  weight  of  the  locomotive  and  transmitting  to  the  main 
frame,  the  tractive  effort  de\-eloped  by  the  motors.  Only  in  high- 
speed ser\ice,  where  locomotives  are  comparatively  heavy,  has  it 
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SWITCH 

been  found  desirable  to  use  articulated  trucks.  These  will  gi\  e  much 
easier  riding  at  fifty  to  sixty  miles  per  hour  but,  at  the  same  time, 
there  is  an  accompanying  increas^e  in  complication,  which  is  un- 
necessary for  ordinar}-  electric  traction  locomotivies- 

W'ith  the  swivel  t}-pe  truck,  there  is,  in  addition,  the  belter  op- 
portunity for  inspection  and  renewal  of  wearing  parts,  a  less  com- 
plicated brake  rigging,  and  it  is  claimed  by  man\-  that  the  articu- 
lated truck  is  far  more  severe  on  track  and  switches  than  is  the 
swivel  t}7>e. 

Tl">e  steeple  i>i>c  ui  cai)  is  made  oi  cuner  wi.x'ni  or  sicci.  The 
steel  cab  is  far  more  durable  and  if  the  service  involves  a  fire  risk, 
such  a  cab  is  absolutely  essential.  The  function  of  the  cab  is  to  pro- 
tect the  engineer  and  the  apparatus  from  the  weather  and  it  must 
permit  sufficient  space  for  the  proper  installation  of  the  apparatus 
and  aflford  the  operator  a  g^x'>d  \"iew  of  the  track  under  all  condj* 
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tions.  The  steeple  type  of  cab  has  been  used  largely  on  locomotives 
up  to  and  including  65  tons,  but  at  the  present  time  has  not  been 
used  extensively  for  larger  locomotives. 

LOCOMOTIVES    FOR    LARGE    SYSTEMS 

The  class  of  service  described  on  the  preceding  pages  and  the 
type  of  motor  equipment  mentioned,  are  applicable  to  the  ordinary 
interurban  electric  railway.  In  the  case  of  some  of  the  larger  sys- 
tems and  new  roads  or  new  divisions  which  are  being  projected, 
there  is  the  necessity  of  long  hauls  and  through  service.  This  type 
of  operation  requires  motors  of  somewhat  higher  speed  character- 
istics than  those  mentioned  previously. 

As  an  example  of  this,  the  Southern  Pacific  Company  have  re- 
sently  installed  fifteen  60-ton,  600-1  200  and  600-1  500  volt  loco- 
motives for  their  Pacific  coast  properties,  including  the  Pacific 
Electric  Railway,  the  Peninsular  Railway,  the  Central  Pacific  and 
the  Portland,  Eugene  &  Eastern  Railway. 

The  characteristics  .of  these  machines  are: — 

Weisht  of  locomotives  complete,  approximately  60  tons. 

Weight  on  mechanical  parts,  77  250  poinids. 

Rating  of  locomotive  one-hour  basis  with  forced  ventilation,  i  000  hp. 

Weight  of  electrical  parts,  45  250  lbs. 

Tractive  effort,   30  000  lbs. 

Nominal  tractive  effort  at  13.2  miles  per  hour,  21  600  lbs. 

Maximum  speed  on  level  track  with  average  load,  25  miles  per  hour. 

Control,  pneumatically  operated,  remote,  unit  switch. 

Number  of  cars  each 

weighing  45  tons  Max.  speed 

Track  profile  with  load  miles  per  hour 

Straight  level  track   50  18.4 

3/2   percent  grade 26  17-6 

1  percent   grade    16  17-6 

2  percent   grade    8  i7-6 

In  addition  to  freight  haulage  by  interurban  railways,  there 
has  recently  been  inaugurated  by  the  Oakland,  Antioch  &  Eastern 
Railway  Company,  of  California,  a  type  of  haulage  entirely  new 
on  American  interurban  railways. 

High-speed  passenger  trains  to  have  a  balancing  speed  of  55  to 
60  miles  per  hour,  are  to  be  operated  from  San  Francisco  to  Sacra- 
mento. Sleeping  cars  and  chair-car  service  will  be  maintained  be- 
tween these  two  important  cities  of  California,  which  offer  new 
fields  in  the  operation  of  interurban  railways.  In  this  service  62-ton 
locomotives  are  to  be  used,  equipped  with  field  control  motors  and 
unit-switch  control.  Field  control  is  used  to  secure  a  large  start- 
ing or  tractive  effort  at  a  minimum  of  current  consumption,  and 
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further  allows  \\\g\\  si)ecd  runninj^  when  desired.  Articulated 
trucks  are  used  on  these  locomotives  to  care  for  the  very  high 
speed  to  be  maintained. 


VU..    8 — FOkTV-FIVK    Ton    I.OCO.MdTIVK    WITH    TRAIN 

On  ilic  lines  of  tlic  Connecticut   Railway  Cumpany 

The  utility  of  the  electric  locomotive  in  enlarging  the  range 
of  possibilities  on  new  systems  and  increasing  revenues  on  exist- 
ing systems  by  promoting  new  types  of  operation,  is  a  distinct  ad- 
vance.     The  rapid  ])rogress  made  in  recent  years  is  shown  by  the 
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On  the  lines  of  the  Soiitiicrn   Pacific  Company. 

fact  that  more  electric  traction  locomotives  have  been  installed 
during  the  past  two  years  than  in  all  previous  years.  The  result 
of  tliis  development  will  un(|uestionably  act  to  further  increase  the 
scope  and  prestige  of  the  interurban  system. 


CATENARY  LINE  CONSTRUCTION  ON  CURVES 

W.  SCHAAKE 

AA'ARIETY  of  methods  are  employed  for  holding  the  trol- 
ley wire  above  the  center  of  the  track  on  curves,  each 
method  ha\  ing  some  specific  advantage  for  specific  oper- 
ating conditions.     In  planning  overhead  construction  a  careful  study 
should  be  made  to  determine  which  type  can  be  most  economically 
installed  and  will  give  greatest  reliability  in  operation. 

In  the  iirst  catenary  trolley  line  in  this  country  the  trolley  wire 
was  held  over  the  center  of  the  track  by  means  of  a  steady  strain 
insulator.  In  this  construction  an  arm  made  of  iron  pipe  extended 
from  the  trolley  pole  to  the  trolley  wire.  The  arm  was  pivoted  at 
the  trolley  pole  so  that  the  end  connecting  to  the  steady  strain  ear 
might  be  free  to  move  in  a  horizontal  plane  and  due  to  the  length 
of  the  rod  and  the  flexibility  in  the  joint  at  the  pole  some  vertical 
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FIG.  T — EARLY  FORM  OF  STKADV  STRAIN  ARM 


movement  was  also  obtained.  Insulation  was  obtained  by  means 
of  a  porcelain  insulator  at  the  pole.  This  type  of  construction  is 
shown  in  Fig.  i.  As  the  distance  from  the  inside  of  the  pole  to 
the  center  of  the  track  is  usually  not  less  than  7  ft.  6  in.  for  inter- 
urban  service,  the  steady  strain  arm  becomes  rather  heavy  and 
produces  a  "hard  spot"  in  the  trolley  line. 

This  form  of  construction  was  superseded  by  a  steady  strain 
insulator  pivoted  at  the  bracket  arm,  as  shown  in  Fig.  2.  This  re- 
sults in  a  much  shorter  and  lighter  device  and  one  which  is  giving 
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good  service  on  a  large  number  of  installations.     In  the  most  recent 
types  the  steady  strain  end  connecting  to  the  trolley  ear  is  free  to 


Kic.  2 — iMi'kovKii  Form  of  steady  strain   akm 
a — For  G  GOO  volt?  or  less. 
6— For  more  than  G  GOO  volts. 

move  in  an  arc  in  a  vertical  and  also  in  a  horizontal  i)lane.  This 
tends  to  partially  eliminate  the  blow  of  the  collector  at  the  steady 
strain  ear  and  also  avoids  breaking  the  steady  strain  end  casting  at 


IK,.    ."'.    -MKTIIOIl  OK  (iNKKfO.MI.M.    IIAKK   STOI     IN    I  INK 

(."iiustMl  liy  arm  tiliowii  in  Fijf.  '2. 


the  bracket  arm  in  case  a  break  occurs  in  the  trolley  wire.     Insula- 
tion  is  obtained   by  means  of   impregnated   hickory   in   the   steady 
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strain  arm  for  voltages  of  6  600  or  less,  and  by  a  porcelain  insulator 
in  addition  to  the  wood  insulator  for  voltages  over  6  600,  as  shown 
in  Fig.  2  (b). 


FIG.    4 — PULL-OFF   FOR   USE   WHERE  POLE   IS    ON    OUTSIDE 

OF   CURVE 

Where  the  poles  are  on  the  outside  of  the  curve  the  steady 
strain  exerts  a  pull  on  the  trolley  wire  with  a  slight  tendency  to 
raise  the  wire  till  a  condition  of  equilibrium  results  and  the  wire  is 


FIG.   5 — PULL-OFF  FOR  USE  WHERE  POLE  IS   ON   INSIDE  OF   CURVE 

free  to  respond  to  the  upward  pressure  of  the  collector.  With  the 
poles  on  the  inside  of  the  curve  the  steady  strain  arm  exerts  a  push 
on  the  trolley  wire.  Owing  to  the  angularity  of  the  steady  strain 
with  the  plane  of  the  trolley  wire,  one  component  tends  to  depress 
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the  trolley  wire  at  the  steady  strain  ear,  thus  pHKlucing  a  hard  spot 
at  this  point.  On  curves  of  long  radius  the  depression  may  not  be 
marked,  as  only  a  small  thrust  suffices  to  produce  the  desired  re- 
sult, but  where  the  radius  of  curvature  is  small  a  decided  thrust  is 
required  and  a  marked  depression  results.  This  has  been  a  serious 
objection  to  this  type  of  steady  strain. 

A  very  slight  addition  can  be  made,  however,  which  will  re- 
move the  hard  spot  in  the  line,  and  at  the  same  time  give  a  certain 
amount  of  resilience  at  this  point.  As  shown  in  Fig.  3,  a  one-quarter 
inch  cable  is  attached  to  the  steady  strain  goose-neck  at  the  steady 
strain  ear.     From  this  point  connection  is  made  to  the  messenger 


ivwviw 


FIG.   (5  — PL'I.I.-dl  I-    OF  TYPK   SHOWN    IN    FKiS.   4   .\NI>  ."» 

Adapted    for  use   witli    pautagraph   trolley. 

cable.  The  tension  in  the  steady  strain  cal)le  is  adjusted  so  that  a 
state  of  equilibrium  will  result,  with  an  elimination  of  the  hard  spot. 
The  necessary  material  will  consist  only  of  five  or  six  feet  of  one- 
([uarter  inch  l>essemer  strand,  a  connection  casting  at  the  steady 
strain  ear  and  two  Crosby  clii)s.  'IMiis  same  device  can  be  employed 
where  this  type  of  steady  strain  is  u.sed  for  steadying  the  trolley  on 
tangent  track,  in  order  to  remove  the  weight  of  the  steady  strain 
from  the  line. 

Some  objections  have  also  been  raised  to  the  steady  strain 
arm,  due  to  interference  with  the  trolley  pole  when  the  trolley  wheel 
leaves  the  wire.  If  this  were  a  frequent  occurrence,  it  would  seri- 
ously interfere  with  the  satisfactory  operation  of  the  line  and  is 
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therefore  a  point  well  worth  considering.  Where  used  for  600  to 
I  500  volts,  the  steady  strain  arm  consists  of  an  impregnated  wood 
strain  insulator  with  a  12-inch  insulation  distance  and  a  three- 
quarter  inch  steel  rod  screwed  into  an  end  casting  at  one  end  and 
provided  with  a  goose-neck  screwing  into  the  steady  strain  ear  at 


FIGS.  7  AND  8 INTERMEDIATE  PULL-OFF  HANGERS 

For  slow  spcod  and  liigh  speed  service,  respectively. 

the  other  end.  The  eye  end  casting  of  the  steady  strain  connects  to 
a  U-bolt  fastened  in  the  bracket  arm  clamp,  which  allows  freedom 
of  movement,  as  already  described.  For  i  500  to  3  300  volts,  an 
insulation  distance  of  two  feet  is  used  and  a  shorter  goose-neck  rod. 
For  3  300  to  6  600  volts,  an  insulation  distance  of  48  inches  is  used 
and  the  goose-neck  rod  is  omitted.  The  steady  strain  end  casting 
is  made  in  the  form  of  a  goose-neck  screwing  into  the  steady  strain 

ear.  For  ease  of  erection 
and  in  adjusting  the  align- 
ment of  the  trolley  wire, 
it  seems  that  the  type  of 
construction  just  described 
is    about    all    that    can    be 

FIG.    9 PULL-OFF    YOKE    AND    SPREADER    BAR         (ICSired. 

In  order  to  obtain  great- 
er flexibility  and  freedom  from  damage  due  to  interference  with 
the  trolley  pole  when  the  trolley  wheel  leaves  the  wire,  a  type 
of  construction  shown  in  Fig.  4  is  used.  With  poles  on  the 
outside  of  the  curve  and  for  wdieel  trolley  operation,  this 
type    of    construction    l)ecomes    very    simple,    but    with    poles    on 
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the  in>i(lc  of  llic  cur\c  an  extensiDii  hrackct  arm  is  rc(|uiiX'(l.  as 
shown  in  Kij^.  5.  For  use  uilh  pantagraj)!!  trolleys  with  sliding 
or  roller  collectors,  a  modification  of  the  construction  shown  in 
Figs.  4  and  5  is  required  in  order  to  avoid  interference  with  the 
collector.  This  modification  is  shown  in  I""ig.  6,  and  consists  of 
a  double  curve  yoke  used  in  conjuncticjn  with  wood  strain  insula- 
tors and  an  extension  bracket  arm. 

For  wheel  trolley  operation,  on  curves  having  a  radius  shorter 
than  one  degree,  pull-off  hangers  are  required  at  intermediate  points 


FIG.    10 COXSTRUCTIOX    SIIOWX    IX    FIG.   0 

Adaptod  for  use  with  pantaffnipli  trolley. 

in  the  span  in  addition  to  steady  strains  at  the  bracket  arm.  For 
slow-speed  operation  or  infrequent  service,  a  pull-<iff  hanger  of  the 
type  shown  in  I'ig  7  may  be  used,  while  if  greater  flexibility  is  de- 
sired a  hanger  like  that  shown  in  Fig.  8  should  be  used.  The  trolley 
ear  in  this  hanger  is  pivoted  to  the  hanger  rod  so  that  relative  move- 
ment of  the  messenger  and  trolley  wire  will  not  kink  the  trolley 

wire.  'J'here  is  also  less  tendency  for 
the  collector  to  strike  a  blow  at  the  end 
of  the  ear  than  in  a  more  rigid  type  of 
hanger. 

Another  type  of  construction  which 
has  proven  very  satisfactory  is  shown 
in  l''ig.  <;.  In  this  type  of  construction 
a  standard  single  cur\e  ])ull-oft'  yoke  is 
u>cd  in  conjunction  with  a  spreader 
bar  having  clamps  and  nuts  which 
allow  a  certain  amount  of  adjustiuent. 
so  that  the  direction  of  ])ull  of  the  messenger  and  trolley  ])ulI-<itTs 
will  be  in  a  horizontal  direction.  Flexibility  at  the  point  of  pull  oil 
is  obtiined  and  there  is  little  liability  of  damage  due  to  a  trolley 
wheel  leaving  the  wire.  For  use  with  pantagrajih  trolley,  a  modi 
fication  must  be  made,  as  shown  in  I'ig.  10.  in  order  to  avoid  inter- 
ference with  the  collector. 

A  type  of  construction  which  has  proven  very  .satisfactory  for 
curves  of  radius  greater  than    four  degrees   is  shown   in    Fig.    11. 
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FIG.    11 — Pri.I.-OI  I-    IfANGKK 
For  <iirv('s  of  rixlins  Ki'''''iti 
thiiii   four  (h'jjri't'.'!. 
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No  bridle  wire  is  required  with  this  type  of  construction,  as  the 
trolley  wires  are  pulled  over  the  center  of  the  track  by  the  side  puil 
of  the  messenger  cable.  The  trolley  wire  assumes  a  curve  almost 
coinciding  with  the  center  of  the  truck.  The  hangers  are  spaced 
on  ten-foot  centers  and  every  hanger  becomes  a  pull-off  hanger. 
The  hangers  for  a  150- foot  span  weigh  about  1.25  pounds  each  and, 
as  the  trolleys  are  supported  at  one  side  of  the  messenger  in  a  state 
of    equilibrium,    the    whole    structure    has    great    flexibility   and    is 


FIG.    12 PULL-OFF  FOR  DOUBLE   TROLLEY 

For  curves  having  a  radius  shorter  than  four  degrees. 


eminently  adapted  for  high-speed  operation.  With  the  hangers  con- 
nected directly  to  the  messenger  cable,  no  additional  insulation  is 
required  for  curves  This  is  an  especially  important  feature  when 
a  high  voltage  line  is  considered,  and  when  elimination  of  strain 
insulators  greatly  adds  to  the  reliability  and  simplicity  of  construc- 
tion. For  curves  having  a  radius  shorter  than  four  degrees  and 
with  the  doul)le  trolley  type  of  construction,  pull-oft"  cables  such 
as  shown  in  Fig.   12  become  necessary. 


GRID  RESISTORS  FOR  RAILWAY  SERVICE 

A.  H.  CANDEE 

THE  F.XArriX*';  SF.IvMCI'.  required  of  electric  railway 
C(|uii)mcnts  demands  that  all  parts  be  designed  and  ])uilt  to 
^vitllstand  very  severe  mechanical  and  electrical  conditions. 
This  is  especially  true  of  the  resistors  which  are  used  during  start 
ing  and  accelerating  the  motors,  and  in  order  to  meet  these  require- 
ments the  grid  type  of  resistor  is  now  generally  used  where  it  is 
practical  to  do  so. 

A  great  deal  of  care  has  been  taken  in  the  design  of  standard 
grids  in  order  to  give  them  the  maximum  mechanical  strength,  and 
at  the  same  time  to  make  tliem  capable  of  withstanding  sudden  and 
severe  temperature  changes  without  undue  strains  and  without 
breakage.  Resistors  are  usually  mounted  underneath  the  car  and 
are  exjwsed  to  ever-changing  weather  conditions.    The  temperature 

TARLK  I— CHARACTHRISTICS  OF  STANDARD  KK'.HT  INCH 

RESIvSTANCK  GRIDvS 


Approx.  Cross- 

Approx.  Length 

Resistance 

Amperes 

Section — Sq.  In. 

of  Conductor — In. 

in  Ohms 

Capacity* 

0.0475** 

ISO 

0.2 

27.3 

0.0510 

171 

0.1 

38.7 

(t.0«;33 

171 

O.OS 

43.3 

0.0(125 

153 

0.07 

40.3 

0.0775 

153 

O.ltO 

50.0 

O.OSIO 

135 

0.05 

54.8 

0.1005 

135 

0.04 

07.2 

0.  ll«M) 

110 

O.o:! 

70.8 

0.1360 

90 

0.02 

8H.5 

0.1000 

90 

0.015 

100.0 

♦Continuous  capacity   with   _'4n  degrees  C.   rise   in  temperature. 
**Cast  of   special   iron   alloy   to  give  atlditional   strength. 

of  the  grids  in  cold  weather  may  change  as  nuich  as  300  or  400  de- 
grees C.  within  a  short  time,  due  to  excessive  overloads,  yet  the 
grids  arc  designed  to  stand  this  without  breaking.  \'ibration  in 
passing  over  rough  track  also  iniix)ses  severe  strains  on  the  grids. 
One  of  a  standard  line  of  grids  which  is  used  in  assembling  re- 
sistors for  railway  service  is  shown  in  I'ig.  i. 

The  grids  are  cast  in  this  general  form  from  a  t<»ugh.  freely 
flowing  iron,  but  in  order  to  obtain  the  various  ohmic  resistances 
required,  it  is  necesary  to  vary  the  cro.ss-section  of  the  iron.  'I  he 
pUowsblc  rate  of  lie^t  dissipation  being  ajiproximately  the  same  f<^r 
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all  cross-sections  of  the  same  size  of  the  grid,  it  is  evident  that  as 
the  cross-section  decreases  the  resistance  increases  and  thus  the  cur- 
rent carrying  capacity  of  the  grid  is  decreased.  The  grids  of  the 
smaller  cross-sections,  however,  are  sufficiently  sturdy  to  withstand 
the  rigors  of  railway  service.  The  characteristics  of  standard 
eighth-inch  resistance  grids  for  three-point  suspension  are  shown  in 
Table  I. 

Great  care  should  be  exercised  in  the  electrical  design  of  a  re- 
sistor for  railway  service,  inasmuch  as  a  faulty  design  will  cause  a 
great  deal  of  trouble.  To  go  into  the  actual  detail  design  of  the 
resistor  would  require  a  lengthy  discussion  and  only  the  main  points 
to  be  considered  are  given  here.  As  a  general  rule,  for  car  service, 
the  total  ohmic  resistance  in  the  circuit  on  the  starting  notch  should 
be  sufficient  to  limit  the  starting  tractive  effort  to  a  value  somewdiere 
between  120  and  140  pounds  per  ton  of  car  weight.  The  total  re- 
sistance, therefore,  is  a  function  of  the  number 
and  capacity  of  motors,  trolley  voltage,  gear 
ratio,  wheel  diameter,  car  weight  and  type  of 
controller.  Smooth  acceleration  must  be  pro- 
vided for  by  properly  proportioning  the  vari- 
ous resistance  steps.  The  current  carrying 
capacity  required  for  each  step  must  then  be 

FIG  I GRID    USED    IN      determined.     After  the   determination  of  the 

THE  ASSEMBLING  OF     total  reslstaucc,  proportioning  of  the  steps  and 

RESISTORS  .    .  .         ,  v.  ,  .        .  , 

capacities  required  for  the  steps,  it  is  only 
necessary  to  pick  out  suitable  grids,  decide  the  correct  number  per 
step,  and  build  them  up  into  one  or  more  frames  according  to  the 
best  arrangement.  A  frame  for  three-point  suspension  consists  of 
three  mica-insulated  tie  rods  upon  which  the  grids  are  mounted,  the 
tie  rods  being  supported  at  the  ends  by  sheet  iron  end  plates,  and  the 
grids  insulated  from  the  end  plates  by  mica  washers.  Suitable 
electrical  connections  are  made  between  grids  by  inserting  copper 
instead  of  mica  washers  between  the  mounting  bosses  of  adjacent 
grids.  The  grids  are  then  clamped  between  the  end  frames  by  nuts 
on  the  ends  of  the  tie  rods  and  held  in  place  by  lock  washers.  Thi? 
construction,  shown  in  Fig.  2,  gives  rigidity  to  the  frame. 

In  general,  there  is  no  fixed  rule  with  regard  to  the  method 
of  resistor  mounting,  but  several  electric  railway  companies  have 
adopted  the  practice  of  hanging  two  wooden  beams  from  the  car 
body  by  heavey  iron  straps,  the  resistance  frames  then  being  sup- 
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I)orted  from  these  beam^.  The  holts  wliich  support  the  iiKlividual 
frames  are  placed  in  holc^  drilled  and  countersunk  in  the  wooden 
beams  so  that  the  holt  heads  are  approximately  half  an  inch  below 
the  surface  of  the  beam,  and  arc  then  sealed  in  by  an  insulating 
compound  poured  in  while  hot.  This  method  thoroughly  insulates 
the  end  frames  and  reduces  failures  due  to  grounding  of  resistor.-, 
for,  although  the  grids  themselves  are  insulated  from  the  end  frames, 
snow,  water  or  mud  on  the  top  of  the  resistor  might  short-circuit 
from  the  grids  to  the  frame.  Over  the  whole  resistor  is  mounted  a 
sheet  of  asbestos  lumber  with  holes  drilled  for  bringing  the  cables 
through;  also  the  exposed  portions  of  the  beams  are  covered  with 
asbestos.     The  leads  which  are  brought  through  the  upper  sheet  of 
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FIG.   2 — COMPLETE  RESISTOR    .>..v...  ■  .>.,    .METHOD  OF 
.MOINTING    GRIDS    TO    OBTAIN    RKilDITV 

asbestos  are  stripped  of  insulation  and.  after  being  bent  to  the  exact 
shape  desired,  the  strands  are  soldered  together. 

The  location  of  the  grid  resistor  under  the  car  depends  largely 
uix)n  the  arrangement  of  the  other  apparatus.  It  should  be  placed 
so  as  to  secure  the  best  possible  ventilation  and  at  the  same  time 
should  be  protected  from  wheel  wash. 

A  number  of  electric  railways  have  attempted  to  standardize 
their  grid  resistors.  Unless  all  of  the  cars  of  a  system  are  very 
nearly  the  same,  this  is  practically  impossible,  since  the  resistance 
will  vary  with  the  type  and  numbers  of  motors,  trolley  voltage,  gear 
ratio,  wheel  diameter,  car  weight  and  type  of  controller.  It  is  some- 
times ix)ssible  to  standardize  individual  frames  to  some  extent,  but 
even  in  this  case  something  must  usually  he  sacrificed  cither  in 
weight,  capacity  or  smooth  acceleration. 


RAILWAY  TYPE  LIGHTNING  ARRESTERS 

T.  A.  McDowell 

LIGHTNING  arresters  for  railway  service,  prior  to  tlie  intro- 
duction of  the  electrolytic  type  of  arresters^  had  for  a  long 
time  been  confined  commercially  to  three  general  types,  which 
are  still  in  use.  Now,  however,  the  electrolytic  arrester,  for  station 
service,  has  become  recognized  as  standard,  but  for  car  mounting  its 
use  is  new  and  as  yet  very  much  restricted.  In  the  older  types  of 
arresters,  practically  no  recent  changes  in  design  have  been  made, 
except  in  the  form  of  container  or  in  other  minor  respects. 

A  form  of  arrester  which  has  given  much  satisfaction  both 
for  car  mounting  and  pole  mounting,  under  all  ordinary  conditions, 
is  illustrated  in  Figs,  i  and  2.  This  arrester  is  of  the  smallest  and 
most  compact  design  of  any  so  far  developed,  which  makes  it  easily 
protected  from  all  conditions  of  weather  and  dirt  when  mounted 
under  the  car,  without  requiring  excessive  space.  The  arrester 
which  consists  of  a  spark  gap  in  series  with  a  carborundum  block,  i^ 
entirely  automatic  in  its  operation  without  the  use  of  any  moving 
parts ;  it,  therefore,  requires  no  attention  after  installation,  except 
inspection  at  long  intervals  to  see  that  it  is  in  proper  condition. 

The  principle  of  operation  of  this  arrester  is  based  upon  the 
ability  of  the  carborundum  block  to  break  down  and  offer  great 
freedom  of  discharge  at  abnormal  voltages,  yet  to  offer  a  very  high 
resistance  at  normal  voltage.  This  block  is  not  a  resistor  in  the  or- 
dinary sense,  but  is  so  constructed  as  to  provide  a  very  large  num- 
ber of  minute  gaps  between  the  conducting  particles  of  carborun- 
dum. These  gaps  break  down  freely  at  voltages  which  would  be 
dangerous  to  the  insulation  of  railway  apparatus,  and  under  such 
conditions  the  absence,  in  this  arrester,  of  the  usual  series  resistor 
provides  for  a  much  greater  freedom  of  discharge  than  would  other- 
wise be  possible.  When  normal  voltage  is  restored  it  is  impossible 
for  the  arc  to  be  continued  across  these  many  gaps,  and  the  dynamic 
circuit  is  therefore  broken.  Arresters  of  this  type  eventually  re- 
quire replacement  owing  to  the  disintegration  of  the  carborundum 
blocks  after  a  certain  number  of  discharges,  but  in  ordinary  service 
they  will  last  for  seven  to  ten  years,  and  replacements  can  be  made 
economically  owing  to  the  comparatively  low  cost  of  this  design. 

Arresters  operating  on  the  principle  of  the  straight  series  air- 
gap  and  resistor,  with  arrangements  made  to  discharge  the  dynamic 
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arc   l)v   cither  a  magnetic  blowout  or  a    series    connected    circuit 
breaker,  have  been  in  use  for  so  long  as  to  be  well  understood. 

For  the  protection  of  apparatus  in  the  direct-current  generating 

station,  the  smaller  arresters  ordinarily  used 
for  car  and  pole  mounting  are  not  adequate 
when  the  value  and  importance  of  the  appa- 
ratus is  considered.  The  old  idea  of  a  di- 
rect connection  to  ground  through  a  water 
resistance  has  generally  been  discontinued 
in  favor  of  apparatus  of  later  design,  and 
for  the  reason  that  such  protection  is  not 
obtained  until  after  the  connection  is  espe- 
cially made  for  each  lightning  storm.  The 
failure  of  the  station  operator  to  make  the 
connection,  for  any  reason,  would  subject 
all  apparatus  in  the  station  to  possible 
damage. 

With  the  advent  of  the  electrolytic  ar- 
rester for  alternating-current  service,  a  de- 
sign for  direct-current  railway  service  was 
also  developed  and  the  protection  offered  is 
relatively  high,  just  as  in  the  comparison  of 
electrolytic  arresters  with  other  and  older 
types  of  alternating-current  arresters.  Owing  to  the  very  small 
leakage  current  through  an  electrolytic  arrester  on  direct  current, 
these  arresters  are  arranged  to  be 
permanently  connected  without 
any  spark  gap.  and  therefore  arc 
kept  in  operating  condition  with- 
out the  periodic  charging  neces- 
sary in  alternating-current  ar- 
resters. Attention  need  not  be 
given  to  these  arresters,  usually, 
oftener  than  once  a  year.  The 
protection  offered  justifies  any 
additional  trouble  represented  by 
this  type,  as  compared  with  anv 
other  which  has  so  far  been  of- 
fered for  this  service.  An  elec- 
trolytic station  arrcsU-r  of  exceptionally  rugged  <lc-ign  and  great 
freedom  of  discharge  is  illn^i rated  in   l-'ig.  ,^ 


FIG.  I — E.XTERIOR  AND  IN- 
TERIOR OF  LIGHTNING 
ARRESTER  FOR  RAILWAY 
SERVICE 


Insubtion 


FIG.  2 — CROSS-SKCTI().\  OF  AKKK.sTER 
SHOWN  IN  FIG.  I  INKtCATING 
KIRECTION  OF  CIRRKNT  FLOW 
IHRING     niSCHARGE 
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For  I  500  volt  railway  work,  commercial  arresters  for  pole 
mounting  have  been  confined  to  the  spark  gap  and  resistor  type, 
with  magnetic  blowout  or  circuit  breaker  attachment,  and  little  at- 
tempt was  made  at  first  to  mount  arresters  on  the  cars.  These  de- 
signs have  proven  more  or  less  inadequate  for  proper  protection 
and,  owing  to  the  increasing  use  of  high  voltages  in  direct-current 
railway  work,  various  developments  are  under  way  which  will  no 


FIG.     3 — ELFXTROLYTIC    LIGHTNING     ARRESTER     FOR 
RAILWAY    SERVICE. 

doubt  provide  arresters  that  will  give  adequate  protection  and  which 
may  be  mounted  either  on  the  cars  or  poles. 

For  ordinary  600  volt  service,  the  use  of  the  electrolytic  ar- 
resters for  car  mounting  has  been  confined  to  a  few  cases  only, 
due  to  the  high  initial  cost  and  greater  inconvenience  connected 
with  the  upkeep  of  this  apparatus  as  compared  with  the  older  de- 
signs. Their  use  is  apparently  justified  only  in  those  cases  where 
the  lightning  conditions  are  so  severe  that  the  ordinary  forms  of 
protection  are  inadequate. 


SHOP  TESTING   OF   ELECTRICAL  APPARATUS-X 
single-phasp:  railways  motors 

THE  SERIES  MOTOR  of  the  resistance  lead  type  may  be 
designed  for  either  alternating-current,  or  both  alternating 
and  direct-current  operation.  In  the  former,  the  compen- 
sating field  winding  is  short-circuited  upon  itself  and  excited  by 
transformer  action,  which  has  the  advantage  of  reducing  the  voltage 
strain  between  winding  and  ground  to  a  minimum.  In  the  latter 
the  compensating  field  winding  is  in  series  with  the  armature  circuit 
The  testing  methods  for  the  two  machines  are  identical  when  operat 
ing  on  alternating  current.  For  direct-current  operation  the  tests 
are  similar  to  those  for  direct-current  railway  motors  and  usually 
consist  of  a  commercial  test  and  heat  run. 

All  illustrations,  numerical  and  curve  data  given  in  connection 
with  the  tests  in  this  article  were  taken  from  the  test  of  a  275  volt. 
25-cycle,  single-phase  railway  motor  of  175  brake  horse-power 
capacity  at  a  one  hour,  y^  degrees  C.  rating. 

RESISTANCE 

The  resistances  to  be  measured  in  this  case  are  those  of  the 
armature,  compensating  held  and  series  field  windings.  In  measur- 
ing the  armature  resistance,  at  least    fmir  readings,  taken  at  dif- 

T.^RLI-:  I— RKSIST.\NCES 

.\t  20°  C  .\t  25°  C 

Armature 0.01111     ohm.s  0.01 131  ohms 

Series  field 0.1X1280.*)  ohms  0.002>ti  ohms 

Compensating  fieUl 0.003549  ohms  0.003li2  ohms 

Temperature  coefficient  for  20  degrees  C=  1.0107. 

ferent  positions  on  the  commutator  necks,  should  be  used  to 
get  a  good  average  value.  The  readings  for  this  test  were  taken 
at  a  room  temi)eraturc  of  20  degrees  C.  and  are  given  in  Table  T 
together  with  values  corrected  to  25  degrees  C. 

SPEED   TEST 

I  his  test  is  taken  by  coupling  the.  motor  to  another  motor  of 
such  a  capacity,  when  operating  as  a  generator,  as  to  be  able  to 
carry  150  percent  load  on  the  motor  to  be  tested.  The  second 
motor  is  loaded  by  coiuiccting  it  to  a  resistance  rack  or  water 
rheostat  and   run   .ts  ^   direct-current  machine      .A   iKx^ster  is  con- 
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nected  in  the  load  circuit,  as  shown  in  Fig.  i.  The  load  is  then 
controlled  by  adjusting  the  field  of  the  booster  which  makes  possible 
very  close  regulation.  The  voltage  of  the  power  supply  for  tin's 
test  should  be  under  the  control  of  the  tester  by  the  use  of  field 
control  or  by  means  of  an  intervening  regulator. 

Speed   readings   are  taken   in   each   direction  of   rotation   as  a 
check  on  the  neutral  position  of  the  brushes,  and  they  should  check 


FIG.      I — DIAGRAM     OF     CONNECTIONS     FOR     LOADING     A     SF.RIES     SINGLE- 
PHASE  RAILWAY    MOTOR 

within  5  percent  of  each  other  and  of  the  rated  speed  of  the  motor. 
To  conduct  this  test  the  motor  is  first  run  in  one  direction  for  a 
period  of  about  one-half  hour  to  secure  a  good  brush  contact  on  the 

TABLE  11—25  CYCLE  SPEED  CURVE 


Counter-Clockwise 

Rotation 

Ann.  Plus 

< — 

T    111^ 

Field—-, 

Comp.  Fid. 

^ 

Amperes 

Volts 

Kw. 

Volts 

Kw. 

Volts 

R.P.M. 

350 

275 

89.6 

88 

2.56 

249 

958 

503 

275 

121.8 

108.5 

4.59 

235 

730 

700 

275 

158 

127.5 

7.07 

219 

569 

900 

275 

192 

141.0 

10.4 

20;; 

465 

1100 

275 

216 

152 

14.64 

186 

379 

Clockwise 

Rotation 

1100 

275 

233 

152 

14.83 

198 

420 

'     900 

275 

201 

140.5 

10.5 

214.5 

503 

700 

275 

166 

126 

6.86 

229 

605 

:     503 

275 

126 

108.5 

4.25 

243 

776 

j     350 

275 

92.8 

89 

2.59 

253 

991 

commutator.  •  The  speed  curve  is  then  taken  for  that  direction  of  ro- 
tation. Similarly  the  brushes  are  worn  in  and  the  curve  taken  for  the 
other  direction.  Readings  of  line  volts,  line  amperes,  line  watts,  field 
volts  and  watts,  armature  volts,  frequency  and  speed  should  be 
taken  at  the  50,  75,  100,  125  and  150  percent  values  of  load  for  each 
direction  of  rotation.  A  complete  set  of  readings  for  this  test  is 
given  in  Table  II  and  the  corresponding  curves  are  plotted  in  Fig.  2. 
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UKAKE    TEST 

Accurate  results  can  he  obtained  on  a  brake  test  only  by  the 
exercise  of  extreme  care.  Accordingly  all  constants,  such  as  length 
of  brake  arm  and  the  tare  of  the  brake,  should  be  carefully  meas- 
ured and  the  brake  well 
balanced  before  starting. 
Tare  is  determined  by  sus- 
pending the  brake  on  a 
knife  edge  at  the  ix)int 
\v  here  a  vertical  line 
through  the  center  of  the 
shaft  intersects  the  brake 
arm,  the  other  end  resting 
on  the  scales,  care  being 
taken  that  all  accessorie^: 
used  on  the  scales  during 
the  test  be  included  in  the 
tare   weight. 

The  motor  should  be 
started  on  low  voltage  to 
check  the  direction  of  ro- 
tation;  if  it  is  correct,  the 
xoltage  is  gradually  in- 
creased to  normal,  with  a  gradu.d  increase  in  the  brake  load.  The 
operation  of  the  brake  should  be  carefully  observed  as  the  load  is 
being  applied.  The  brake  rubbing  surface  should  be  well  greased, 
run  smoothly,  and  be  properly  supplied  with  cooling  water.  After 
starting  to  take  readings,  no  changes  should  be  made  in  the  condi 
tions  of  the  test  other  than  adjustments  to  keep  the  load  constant 
T.VRI.K  III— TORyi'ETKST  HV  RR.VKE 


KIG.    2 — l*KkFOK.\IAN(  I",    l  IRVKS    OF     A     Sl.RIK.S 
SIN'fil.F.-PHASE   RAILWAY    .MOTOR 


Arm  riu.s 

1 

Volts 

ield 

Conip.  Fid. 
Volts 

Torque* 
I't.I.bs. 

Amp's       Volts          Kw. 

Kw. 

K.r.M. 

HMO             2()(»            H>9.'_' 

I  \7 

1  i.cir 

SI 

i:mi 

I'SOi) 

".tl'U             2()0            KKi 

141 

!l.6l' 

1().T 

M»L' 

•_M(Kt 

«<M             2tHl            l(»L'.4 

1:14 

s.i.-, 

llli 

•.'4«i 

•JtKK) 

)>!»•_'             LMMt             itT.'J 

IJ.S 

ti.4s 

l.fj 

.-{OS 

Mi<)i) 

.'>«>.'>             "JIM)             S(>.  1 

IN 

4.H.T 

14:. 

4(»J 

IJlM) 

43--'             LMO             7-' 

KM 

:{..•{.■) 

l.M> 

n24 

WM) 

I.enjs'th  of  brake  arm 

4S  inches. 

1 

"are 

47  lbs. 

*Ture  detlucted. 


Readings  of  line  amperes,  volts  and  watts.  tieUl  volts  an(i 
watts,  armature  volts,  speed  and  scale  readings  are  taken  for  six  oi 
seven  points  covering  the  range  of  operation  of  the  motor.     The 
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peripheral  speed  of  the  brake  pulley  should  not  in  any  case  exceed 
5  ooo  feet  per  minute.     The  terminal  voltage  should  be  held  con- 
stant at  the  rated  value  throughout  the  test,  if  possible.     However, 
TABLE  IV— CORE  LOvSS  TEvST  READINGS 


BRUSHES 

DOWN 

Driving  Motor 

Tested  Motor 

Volts 

Amps. 

Watts 

Field 

Armature 
Volts 

0 

R.P.M. 

406 

Amps. 

Volts     ]      Kw. 

48 

49.85 

2395 

0 

0 

i      0 

48 

108.5     ■ 

5210 

lino 

151 

13.72 

190 

^05 

55 

57.5 

3162 

0 

0 

i       0 

n 

485 

55 

106.5 

5855 

900 

141 

,       9.65 

206 

485 

65 

68.5 

4750 

0 

0 

0 

0 

585 

(J5 

105 

6830 

700 

127 

6.75 

230 

587 

81 

72 

5840 

0 

0 

0 

0 

753 

81 

103 

8350 

500 

110 

4.31 

250 

750 

103 

72 

7420 

0 

0 

0 

0 

970 

103 

92.2 

9500 

350 

91 

2.74 

268 

973 

BRUSHES  UP 

Driving  IV 

lotor 

Tested  Motor 

Volts 

Amps. 

Watts 

Field 

R.  P.  M. 

Amps. 

Volts      1 

Kw. 

46 

15.9 

731 

0 

0 

0 

405 

46 

76 

3500 

lion 

151 

10.45 

408 

52 

17.1 

890 

0 

0 

0 

487 

52 

69 

3590 

900 

141 

7.(il 

483 

63 

19.2 

1210 

1 

0 

0 

0 

582 

63 

61' 

3810 

700 

127 

5.2 

586 

76 

22.85 

1745 

0 

0 

0 

751 

76 

541] 

4110 

500 

iin 

3.26 

755 
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if  the  speeds  are  too  high  the  test  may  be  taken  at  a  lower  constant 
voltage,  as  in  the  accompanying  example.*  Complete  data  for  this 
test  are  given  in  Table  III  and  the  resultant  horse-power  and  torque 
curves  are  plotted,  as  indicated  in  Fig.  2. 


*For  a  given  motor  current,  the  torque  is  practically  independent  of  the 
voltage. 
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CORE    LOSS   AND   SATURATION 

In  taking  this  test  the  motor  is  belted  to  a  small  direct-currenl 
motor  in  the  manner  described  for  direct-current  generators,*  and 
the  main  motor  field  is  excited  with  alternating  current,  the  arma- 
ture circuit  remaining  open.  The  direct-current  supply  circuit 
should  contain  a  booster  capable  of  varying  the  voltage  over  a  wide 

TABIJv  V— PRIMARY  LOSSES 

Amperes 300  400  50O  80(1  lOOo 

/-iif  armature 1214  2100  ;«S0  S»i.'>()  135i() 

Short-circuit  kw 000  800  1020  17.H0  2600 

Triniarv  core  loss 1500  1030  2420  4220  5560 

/-/i"  brush 550  S44  1195  25S0  3780 

i-/i' main  field 307  545  853  2180  3410 

y-/i'conip.    field 388  602  1079  2762  4320 

Total  primary  loss 4559  6971  9947  22172  33170 

Primary  loss  volts 15.19           17.42           19.87  27.6             33.17 

range.  The  losses  measured  are  rotational  losses,  primary  or 
transformer  losses,  friction  and  windage  and  Inrush  friction. 

The  rotational  losses  include  the  core  loss,  caused  by  rotation 
through  the  magnetic  field,  copper  loss  in  cross-connections  of 
cross-connected  armatures,  copper  and  other  losses  in  armature  coils 
and  armature  leads  which  are  short-circuited  by  the  brushes,  as  far 
as  these  losses  are  due  to  rotation.  These  losses  are  measured  by 
the  driving  motor. 

The  primary  or  transformer  loss  includes  core  loss  due  to  the 
reversals  of  the  alternating-current  field,  copper  loss  in  the  cross- 

TAHI.E  VI— PERl'ORMANCK  DATA 

Amperes 30f)  400  500  S(K)  1000 

Terminal   volts 275  275  275  275  275 

Total  energy  volts 269.7  257.8  248  225  209 

Primary  loss  volts 15.2           17.4            19.9  27.6  33.2 

Counter  e.  m.  f 254.5  240.4  228.1  197.4  175.8 

R.P.M 1090  .S<H>  752  .■)35  443 

Rotational  loss  volt.-. 32.6            21.5            15.7  7.4  5.1 

Output  volts 221.9  218.9  212.4  190.0  170.7 

Urake  horse-power Si»  0  117.3  142.4  203.8  229.0 

Torcjuc 438  693  995  n»99  2719 

Power-factor 98.0  93.6  90.2  81.9  76.0 

Efficiency >'2  2  84.9  85.7  s4.5  s|.H 

connections  of  cross-connected  armatures,  copper  and  other  l<isses  in 
the  armature  coils  and  leads  which  are  short-circuited  by  the 
brushes,  as  far  as  these  losses  are  due  to  the  alternations  of  the 
magnetic  flux.  These  losses  are  measured  by  a  wattmeter  in  the 
field  at  the  .same  time  the  rotational  losses  are  found. 


See  the  Journai,  for  May.  1913.  p.  4*^0. 
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Readings  for  both  the  rotational  and  the  transformer  losses  are 
taken  simultaneously,  and  cover  a  range  from  150  percent  field 
current  to  the  lowest  value  within  the  safe  limits  of  speed.  Start- 
ing at  the  maximum  value  of  field  current,  readings  of  line  am- 
peres  ?nd  line  volts  on  the  driving  motor;  and  field  amperes, 
field  volts,  field  watts,  armature  volts  and  speed  on  the  machine 
being  tested  are  taken  at  each  point.  For  each  value  of  excitation 
the  corresponding  speed  is  obtained  from  the  speed  curve,  Fig.  2, 
and  the  driving  motor  is  adjusted  accordingly  by  varying  the  arma- 
ture voltage.  If  the  speeds  in  the  two  directions  of  rotation  dilTer, 
as  determined  by  the   speed   regulation  test,   their   average  values 

should  be  used  for  this  test. 
The  alternating-current  field  is 
then  removed  and  the  set  held 
to  the  same  speed  by  adjust- 
ing the  field  of  the  driving  mo- 
tor, whose  voltage  should  be 
held  to  the  same  value  as  be- 
fore removing  the  alternating 
field,  in  order  to  keep  its  losses 
approximately  constant.  I  n 
other  words,  two  sets  of  read- 
ings are  taken  at  each  value 
of  speed,  one  with  and  one 
without  the  alternating-cur- 
rent field,  the  driving  motor 
voltage  being  held  constant 
for  both. 

The  entire  test  is  then  re- 
peated with  brushes  lifted  on 
the  tested  machine,  the  same 
readings  being  taken  with  the  exception  of  that  of  armature 
volts,  which  is  necessarily  omitted.  On  completion  of  this  test 
the  belt  is  removed  and  readings  of  terminal  volts  and  amperes 
input  to  the  driving  motor  are  taken  over  the  same  range  of 
voltage.  A  complete  set  of  readings  as  taken  for  this  test  to- 
eether  with  derived  values  of  watts  on  the  direct-current  machine 
is  given  in  Table  IV. 

From  this  data  two  sets  of  curves  are  plotted,  the  one  for 
primary  losses  and  the  other  for  rotational  losses.  In  determining 
primary   losses,    curves   of    field    kilowatts,    with   brushes    up    and 


FIG.    3- 


-CURVES     OF     PRIMARY     OR     TRANS- 
FORMER LOSSES 


rnsT/Xi:  or  i-li-.ctricai.  .irr.ik'.ircs 
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lie.     4 — TEST     CURVES     PLOTTED     FROM     ROTA- 
TIONAL  LOSS    liATA   CIVKN    IN   TABLE   IV 


brushes  down,  I'-'R  loss  in  the  licld,  and  licld  volts  arc  plotted  against 
field  amperes  as  common  abscissa?,  as  in  Fig.  3.    Tben  the  difference 

between  the  curves  of  kilo- 
jvatts  with  brushes  up  and 
with  brushes  down  at  each 
point  equals  the  loss  in  the 
coil  short-circuited  by  tlie 
brushes,  and  the  difference 
b  e  t  w  e  e  n  tlie  curves  of 
I-R  loss  in  the  held  and 
kilowatts  with  brushes  up, 
equals  the  primary  or  trans- 
former core  loss  in  the  field 
and  armature  due  to  the  re- 
versals of  the  magnetic  flux. 
These  two  curves  are  also 
plotted  in   Fig.  3. 

For  the  rotational  losses, 
curves  of  kilowatts  input  to 
the  driving  motor  are  plotted  with  field  on  the  tested  machine, 
both  with  the  brushes  up  and  with  the  brushes  down:  also  with 
no  field  on  the  tested  ma- 
chine, with  the  brushes  up 
and  with  the  brushes  down. 
These  curves  together  witii 
a  curve  of  kilowatts  input 
to  the  driving  motor,  with 
the  belt  off,  are  plotted  as 
in  b'ig.  4.  The  core  loss, 
due  to  the  rotation  of  the 
armature,  will  equal  the  dif- 
ference between  the  curves 
with  brushes  down,  with 
and  without  field  excita- 
tion :  and  also  the  differ- 
ence between  the  curves 
with  brushes  up,  with  and 
without  licld  excitation. 
These  two  \alues  should 
be  the  same,  but  in  the  average  test  there  will  be  a  slight 
dift'erer.ce.       Therefore,     the    mean    value    should     be    used     for 


Kin.      S — ROT.\TIOX.\L      LOSS      CURVES      DERIVED 
FROM      FIC.     4     FOR      tSE     IN      CALCl'LATIXG 
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the  real  core  loss.  The  brush  friction  equals  the  difler- 
ence  between  the  readings  with  brushes  down  and  brushes 
up,  without  field.  The  friction  and  windage  equals  the 
difference  between  the  kilowatts  with  the  brushes  up,  and  no  neld 
and  the  driving  motor  losses.  These  curves,  together  with  the 
values  of  rotational  losses  in  volts  (which  equals  rotational  losses  irf 
watts  at  each  point  divided  by  the  current,  are  plotted  at  the  corre- 
sponding values  of  field  amperes  in  Fig.  5. 

EFFICIENCY 

The  following  data  obtained   from  the  test  outlined  above  is 
used  in  the  computing  of  efficiency : — 

(1)  Rotational  losses  =  Rotational  core  loss,  friction  and  windage, 

brush  friction. 

(2)  Primary  losses  =  Copper  loss  in  the  armature  series  and  com- 

pensating fields,  brush  I2R,  short-circuit 
loss  and  primary  core  loss. 

(3)  Rotational  loss  volts      =  Rotational    losses    in    watts     divided     by 

current. 

(4)  Primary  loss  volts  =  Primary  loss  in  watts  divided  by  current. 
(.5)     Total  energy  volts          =  Watts  from  Table  II  divided  by  current. 

(6)  Counter  e.  m.  f.  :=(5)--(4). 

(7)  Output  volts  =  (6 )—(?,). 

,,, ,      „     ,      ,  Output  v  )lts  X  current. 

(8       Brake  horsepower  =  — ^         -;--:,«-        

/4b 

(9)     R.  P.  M.  =  From  speed  curve. 

,,„,     ^  -,-,-    n  Brake  Hp  X  5250. 

(10)  Torque— Pt.  Lbs.  = R-p-M. 

/ 1 1  \       -c-cc    •  Output  volts 

(11)  Efficiency  =  ».  .   , — ^ rr 

^  Total  energy  volts. 

,,_,      „  J.     ^  Total  energy  volts. 

(12)  Power  factor  =    -^ . — r      ,.- 

^      '  Terminal  volts 

Resistance  of  armature  at  25  degrees 0.01131. 

Resistance  of  armature  at  75  degrees 0.0135. 

Series  field  at  25  degrees 0.002858. 

Series  field  at  75  degrees 0.00341. 

Compensating  field  at  25  degrees 0.00362. 

Compensating  field  at  75  degrees 0.00432. 

Total  Brush  Area=18  square  inches. 

A  complete  tabulation  of  primary  losses  in  watts  with  the 
corresponding  reduction  to  voltage  values,  as  indicated  in  (4)  above, 
is  given  in  Table  V,  and  complete  performance  data  for  this  motor 
at  the  same  ampere  values  is  given  in  Table  VI.  As  the  motor  is 
series  wound,  the  line  ampere  values  against  which  these  curves  are 
plotted  are  identical  with  the  field  ampere  values  for  the  previous 
curves.  From  this  data  curves  of  power-factor  and  efficiency  are 
plotted  with  the  curves  of  brake  horse-power,  torque  and  speed,  as 
in  Fig.  2. 
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TF.MFERATURE  TESTS 

Railway  niuturs  are  rated  in  amperes,  volts  and  time,  and  in 
taking  a  temperature  test  the  motor's  guaranteed  rating  in  these 
quantities  is  the  basis  of  the  test.  The  machines  should  be  set  at 
least  six  inches  above  the  floor  to  allow  for  ventilation  and  if  the 
run  is  continuous,  it  is  common  practice  to  leave  the  commutator 
covers  on,  whereas  for  runs  of  one  hour  they  are  removed. 

The  motor  is  connected  up  as  in  Fig.  i  and  adjusted  to  the  rated 
values  of  current  and  voltage.  The  time  for  which  the  motor  is 
designed  to  operate  under  these  conditions  is  the  length  of  the  run 
During  the  test,  readings  of  line  volts,  amperes  and  w-atts,  field 
watts  and  volts,  and  speed  are  taken  and  the  commutation  noted 
Running  temperatures  of  main  and  compensating  fields,  front  and 
rear,  if  possible,  frame  and  laminations  are  also  taken,  and  hot  re- 
sistances should  be  taken  on  all  windings  as  soon  as  possible  after 
shutting  down,  as  the  machine  cools  off  very  rapidly.  Temperatures 
of  the  commutator  on  the  outside  edge,  middle  and  groove,  arma- 
ture copper  and  banding  wire  are  taken  in  addition  to  the  run- 
ning temperatures. 

The  motor  is  then  uncoupled  from  the  generator  and  the  o\er- 
speed  and  over-potential  tests  taken,  in  the  manner  described  for 
direct-current  railwa}-  motors.*  Both  of  these  tests  should  be  taken 
when  the  motor  is  at  a  temperature  of  at  least  90  degrees  C.  For 
single-phase  railway  motors  an  average  value  for  the  over-poteniial 
test  is  3  600  volts  for  one  minute. 

COMMERCI.AL    TESTING 

After  measuring  resistances  in  commercial  testing,  the  motor  is 
connected  as  in  Fig.  i.  For  motors  of  less  than  150  horse-power 
capacity  readings  of  line  volts,  line  amperes,  field  volts,  frequency 
and  speed  are  taken  at  the  75  and  125  percent  load  points  and  the 
commutation  is  noted.  When  the  compensating  field  is  in  senc.- 
with  the  armature,  the  total  resistance  is  measured  and  compared 
with  the  sum  of  the  individual  resistances,  as  a  check  on  the  con- 
nections. These  readings  form  a  sufficient  check  on  the  motor  as 
compared  to  the  limits  of  operation  allowed  by  its  guarantee.  It  is 
then  subjected  to  the  regular  over-speed  and  over-potential  tests. 

On  motors  larger  than  150  horse-power,  the  readings  specified 
alx)ve  are  taken  at  four  points  instead  of  two.  namely,  at  50,  75. 
100  and  150  percent  load.  The  remainder  of  the  test  is  the  sanie 
as  for  smaller  machines 


*See  tlic  Journal  for  Sci)t.,  i<ji.^  p.  897. 
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967 — Power-Factor    Correction: — I 

have  a  200  k.v.a.,  three-phase,  60 
cycle,  220  volt  generator,  480  am- 
peres per  phase,  running  on  a 
purely  inductive  balanced  load  of 
70  k.w  with  full  load  current  of 
500  amperes  per  phase.  This  gives 
about  Z7  percent  power-factor.  I 
have  also  a  30  k.v.a.,  three-phase. 
60  cycle,  220  volt  generator,  "jz 
amperes  per  phase  that  I  wish  to 
run  as  a  synchronous  condenser, 
(a)  What  correction  will  such  an 
outfit  make  on  the  above  power- 
factor,  while  it  is  itself  delivering 
about  three  horse-power?  (h) 
What  kind  of  a  starting  compen- 
sator would  be  necessary? 

I.  F.  (PENNA.) 

(i)  The  current  rating  per  phase 
of  fthe  '200  ki.v.a.  generator  men- 
tioned should  be  526  amperes ;  simi- 
larly, the  30  k.v.a.  machine  should 
have  about  79  amperes  per  phase. 
Assuming,  however,  500  and  ^2  am- 
peres for  the  two  machines  respect- 
ively, as  stated,  and  allowing  for 
the  probable  no  load  losses  of  the 
smaller  machine  in  addition  to  the 
three  horse-power  of  outside  work 
it  is  to  furnish,  the  resulting  power- 
factor  should  be  about  46  percent. 
Tn  this  connection  it  should  be  borne 
in  mind  that  it  is  not  safe  to  assume 
that  this  machine  will  carry  full 
rated  current  at  zero  power  factor, 
without  excessive  heating  of  the 
field  winding,  especially  if  the  ma- 
chine is  of  old  design.  (2)  The 
starting  characteristics  of  the  ma- 
chine cannot  be  estimated,  even  ap- 
proximately, without  more  complete 
information  regarding  the  winding 
and    bracing    of    the    machine,    and 


particularly  whether  or  not  it  has 
dampers,  for  without  the  latter  it 
■might  not  start  at  all  from  rest 
even  with  full  voltage  applied,  and 
even  if  started  it  might  not  lock 
into  synchronism.  It  might  be  well 
to  try  starting  the  machine  when  no 
other  load  is  on  the  larger  genera- 
tor, by  applying  50  or  60  percent 
voltage  on  the  machine  through 
some  temporary  transformer  ar- 
rangement, observing  very  carefully 
any  movement  of  the  coils  when  the 
current  is  first  turned  on.  If  there 
appears  to  be  no  mechanical  shock 
to  the  windings,  full  voltage  might 
be  tried,  and  if  the  machine  will  not 
start  from  rest,  it  may  do  so  when 
it  has  been  given  a  few  turns  by 
hand.  Care  should  be  taken  not  to 
allow  the  current  to  remain  on  for 
more  than  a  few  seconds,  in  case  the 
machine  does  not  start,  as  other- 
wise, a  burnout  is  likely  to  occur. 

N.  S. 

968 — Starting   Rotary    Condensers: 

— ^We  have  in  our  plant  a  syn- 
chronous motor  which  we  are 
using  as  a  rotory  condenser.  We 
start  this  motor  as  follows :  The 
field  switch  is  opened  and  the 
motor  started  with  a  compensator, 
running  on  the  starting  side  until 
the  motor  gets  up  to  speed  when 
the  field  switch  is  closed.  (The 
exciter  is  connected  to  the  motor 
shaft  and  meantime  has  built  up 
its  voltage.)  Then  after  the  am- 
meters steady  down  the  compen- 
sator is  thrown  into  the  running 
position.  Is  there  any  better  way 
of  starting  without  the  aid  of  a 
small  starting  motor?  What 
would    be    the    result    of    leaving 
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the  field  switch  in  when  starting 
and  allowing  the  fields  to  build 
up  with  the  exciter  voltage? 
Would  it  strain  the  insulation  of 
field  coils  any  more  than  the  pres- 
ent method?  The  field  switch  does 
not  split  up  the  field  as  now 
wired.  L.  a.  f.  (mass.) 

It  is  standard  practice  either  to 
start  synchronous  condensers  with 
the  motor  field  directly  connected 
to  a  direct-connected  exciter  arma- 
ture or  with  the  motor  field  short- 
circuited  (if  separate  exciter  is 
used),  both  methods  relieving  the 
strain  on  the  motor  field  insulation 
due  to  the  high  induced  e.m.f. 
(split  fields  not  being  common  on 
synchronous  motors).  n.  s. 

969 — In  a  certain  text  book  I  find 
;i  formula  for  determining  the 
power  factor  from  the  readings  of 
to  wattmeters,  as   follows : 

I'ower- Factor    ' . V ' ' ^ 5  J',  where  X      ))  ' 

Please    explain    its    derivation    and 

use. 

J.  G.  K.  (quebfx) 

The     above     formula     is     correct. 
The   fundamental   formulae  are: 
W,  =  E  I  cos   (6  +  30")   and 
W=  =  E  I  cos   (6-30°). 
wliere  l\\  is  the  reading  of  the  watt- 
meter   giving    the    larger    indication, 
and    \Vt   the   one  giving  the   smaller 
indication    on    a    lagging    power-fac- 
tor.  When  the  currents  in  the  phases 
are    balanced     (and    this    method    is 
only     applicable      when      this      con- 
dition   is    true),    the    terms    /:/    are 
equal.     Dividing  one  equation  by  the 
other     and     substituting     the     value 
v_   W,     y  _  Cos   (6  +  30") 
■    ~   W,"^-  Cos  (e-3o') 
.S(.lving  this  equation   for  cos  B.  the 
equation  as  given  in  the  question  is 
obtained.     .\   more   convenient    form 
of  the  same  equation  is: 

Power-factor  =       ,        '  .     Still 

2V1-X  +  X' 
another  equation,   involving   the  act- 
ual   wattmeter    reading'^    inst.  ,rl    f>f 
their  ratio  is : 


Power- factor  =   ^   if  i  /  ^^'i  -  W A 

•^  VW.  +  wJ 

See  also  article  by  Mr.  H.  N.  Lucas 
in  the  Journal  for  Septcmlx-r,  IQ12, 
I^-   761.  r.  R.  R. 


970 — Testing    Transformers    With- 
out Oil: — Is  it  necessary  to  put 
the  oil   in   a  large  transformer  of 
the    oil    cooled    type    in    order    to 
supply  the  voltage  it  is  connected 
for;   in  other  words,  is  it  safe  to 
test     the     transformers     at     rated 
voltage    without    oil,    provided    no 
current    is    flowing    which     would 
would    cause    heating    of    the    coil. 
"A"    claims     that    the    oil     serves 
only  to  transmit  the  heat  from  the 
windings     to     the     water     cooling 
coils  and  that  while  it  assists  the 
insulation    of    the    coils,    neverthe- 
less,   the    coil    insulation    is    suffi- 
cient    to     withstand     the     voltage 
without    the    presence    of    the    oil. 
"B"    claims    that    the    presence    of 
the   oil   is   necessary   to    prevent   a 
break-down     of     the     transformer 
insulation      at      normal      voltage. 
Which  is  right?       h.-e.  w.  (utah) 
If     transformer     is     of     compara- 
tively low  voltage,  say  around  11  000 
volts,  it  will  probably  be  safe  to  ap- 
ply  normal    voltage    without    the   oil 
in     the    tank.       For     high     voltages, 
however,    'the    tank    must    be    filled 
with  oil  before  applying  the  voltage, 
as   the  oil   is   re(|uired   as    much    for 
insulation    purposes    as    for    convey- 
ing   the    heat    to    the    cooling    coils. 
The  insulation  is  not  strong  enough 
without  the  assistance  of  the  oil. 

W.  M.  M. 

971— Alternators  Coupled  for  Par- 
allel Operation: — Two  alterna- 
ing-curniit  gcmrators  are  to  be 
coupled  by  flange  couplings  to  the 
same  prime  mover  and  are  to  op- 
erate in  parallel.  In  order  to  ob- 
tain the  proper  relation  of  one 
rotor  to  the  other  wonld  it  be 
correct  to  parallel  the  stators  with 
an  ammeter  in  each  phase  and 
with  the  rotors  at  rest  and  pass 
alternating  current  through  the 
rotor  winding?  One  rotor  may 
then  be  shifted  with  respect  to 
the  other  until  zero  current  is 
noted  in  all  three  statnr  ammeters, 
which  would  be  the  iir^inr  angu- 
lar relation  of  one  rotor  to  the 
other.  A  practical  application 
would  be  where  two  generators 
are  to  be  connected  to  one  high 
speed  hydraulic  turbine,  the  flange 
couplings  being  drilled  at  the  in- 
stallation.    Manifestly   tlie   scheme 
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proposed  would  not  work  when 
both  rotors  are  to  be  pressed  to 
the  same  shaft.  r.  w.  c  (mass.) 
The  method  suggested  may  be 
feasible  but  will  not  t»e  very  accu- 
rate. Since  the  field  set  up  by  the 
alternating-current  in  the  field  wind- 
ing will  be  single-phase,  the  voltage 
in  corresponding  phases  of  the  two 
machines  will  vary  in  amount  and 
not  in  phase  with  different  relative 
positions  of  the  rotors.  _  For  this 
reason  slight  differences  in  position 
will  cause  only  slight  differences  in 
voltage.  This  method  rnight  be  use- 
ful as  a  first  approximation,  the 
final  relationship  being  determined 
by  the  usual  method  of  running  the 
machine   at  no  load.  f.  d.  N. 

972 — Rotary  Converter  Operation: 
—  (a)  When  one  of  three  delta 
connected  transformers,  connected 
to  a  rotary  converter,  burns  out, 
how  can  I  put  out  the  fire  and 
cool  off  the  transformer;  and  how 
can  I  connect  up  the  other  two 
transformers  so  that  the  converter 
can  be  used  in  case  of  emergency, 
(b)  When  the  potential  trans- 
formers burn  out  or  get  out  of 
order,  how  can  I  synchronize  the 
rotary  converters?  (c)  When  the 
starting  transformer  burns  out 
how  can  I  start  up  the  rotary 
converter  to  get  it  up  to  speed 
for  synchronizing? 

p.  W.  B.  (new  YORK) 

(a)  If  station  is  supplied  from  a 
high  power  transmission  line  and  no 
protective  devices  are  between  in- 
coming line  and  transformers,  there 
is  a  possibility  that  an  arc  started  in 
a  transformer  will  tend  to  burst  it 
and  the  flying  oil  cause  a  fire.  By 
providing  proper  protective  devices, 
however,  there  is  no  likelihood  of 
the  trouble  extending  beyond  the 
transformer  case.  If  one  of  the 
transformers  breaks  down  it  may  be 
disconnected  and  the  converter  run 
from  the  two  remaining  transform- 
ers without  changing  connections  to 
them,  (b)  Synchronize  with  a  bank 
of  lamps  connected  across  the  alter- 
nating-current switch.  _(c)  Start  by 
any  one   of  the    following   methods : 


I — From  the  direct-current  side  if 
suitable  power  is  available.  2 — In- 
sert resistance  in  the  alternating- 
current  side,  to  lower  the  applied 
voltage.  3 — Reduce  voltage  of  the 
alternating-current  generator  sup- 
plying the  rotaries,  by  means  of  the 
generator's  exciter.  r.  h.  n. 

973 — R  o  t  a  r  y  Converter  Switch- 
gear: — Why  has  it  been  the  cus- 
tom in  the  past  to  always  place 
field-reversing  and  field-splitting 
switches  on  the  machine?  Why 
not  on  the  switchboard,  thus  hav- 
ing everything  under  the  opera- 
tor's immediate  control? 

p.  F.  A.  (AUSTRALIA) 

It  has  been  customary  to  place 
the  field-reversing  and  break-up 
switch  on  the  frame  of  the  rotary 
converter  on  account  of  the  large 
number  of  leads  between  the  field 
winding  and  the  switch.  There  is 
no  other  reason  why  it  should  not 
be  placed  on  the  switchboard  panel 
and  this  location  would,  undoubtedly, 
be  more  convenient  in  certain  sta- 
tions. F.  D.  N. 

974 — Testing     Enameled     Wire: — 

Please  tell  me  briefly  what  sim- 
ple tests  can  be  taken  on  en- 
ameled wire  in  order  to  pass  an 
opinion  as  to  the  quality  of  the 
covering,  etc.  r.  d.  c.  (ohio) 

Wire  which  will  withstand  the  fol- 
lowing tests  is  usually  considered 
good.  The  enamel  should  not  be 
soft  enough  to  be  scratched  with  the 
finger  nail.  The  wire  should  stand 
bending  around  a  radius  of  approx- 
imately two  and  one-half  times  its 
own  diameter,  and  should  stand  an 
elongation  of  30  percent  without 
cracking  the  enamel.  When  a  layer 
is  wound  on  a  mandrel  one-half  inch 
in  diameter,  the  enamel  should  with- 
stand voltages  between  the  wire  and 
the  mandrel,  of  500  to  1 000  volts, 
depending  upon  the  size  of  the  wire. 
When  a  length  of  ten  feet  of  wire  is 
immersed  in  mercury,  the  enamel 
should  withstand  a  voltage  of  100  to 
250  volts,  between  the  wire  and  the 
mercury,  depending  upon  the  size  of 
the  wire.  R.  w.  E.  M. 
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AMERICAN   ELECTRIC  RAILWAY 

ASSOCIATION  ANNUAL 

CONVENTION 


The  32nd  annual  convention  of  the 
American  Electric  Railway  Associa- 
tion will  be  held  in  Atlantic  City,  Oc- 
tober 13-17. 

The  principal  items  in  the  program 
of  the  American  Association  and  the 
HnpinecrintT  Association  are: 

Monday,  2  P.  M. — Annual  address 
and  reports  of  committees  on  stan- 
dards. Power  Distribution  and  Elec- 
trolysis. 

Tuesday,  2  P.  M. — Reports  of 
Committees  on  Block  Signals,  Train 
Operation — City   and    Interurban. 

Tuesday,  2  P.  M. — Reports  of 
Committees  on  Sul)jects,  Company 
and  Individual  Meml)crship,  Educa- 
tion. Addresses  on  "X'aluation."  by 
Mr.  Frank  Berber  and.  Mr.  C.  M. 
Rosecrantz. 

Wednesday,  9:30  A.M. — Reports  of 
Coniniitlces  on  lluildiii.us  and  Struc- 
tures, ■  Heavy  Electric  Traction  and 
Power   (feneration. 

Wednesday,  2  P.  M.— Reports  of 
Committees  on  Insurance,  Public  Re- 
lations, Aero  Advisory — Welfare  of 
Employes,  Electrolysis,  Company 
Sections,  Gold  Medal.  Constitution 
and  By-Laws,  Relations  with  Section- 
al Associations.  Addresses — "Profit- 
Sharinjj:  with  Employees,"  by  Mr.  W. 
F.  Ham,  vice-president,  Washington 
Railway  &  Electric  Company,  and  Mr. 

D.  W.  Ross,  vice-president.  Interbor- 
ough  Rapid  Transit  Company.  Ad- 
dress. "The  Relations  of  Carriers  to 
the  Development  of  the  Territory 
they  Serve."  by  Mr.  Paul  Shoup.  pres- 
ident. Pacific  Electric  Railway  Com- 
pany. Los  Angeles.  .\ddrcss,  "The 
Relief  of  City  Congestion  by  the  Con- 
stitution of  Subways  and  \'iaducts." 
by  Mr.  C.  S.  Sergeant,  vice-president. 
Boston   Elevated   Railway  Company. 

Thursday,  9:30  A.  M. — Reports  of 
Committers  on  I-^ngiiuering  .Xccount- 
ing.  .Addresses  on  "Engineerinp  .\c- 
countinp  and  Life  of  R.iihvay  Physi- 
cal  Property." 

Thursday,  2  P.  M.— Reports  of 
Committees  on  Compensation  for  car- 
rying U.  S.  mails,  taxation  matters, 
federal  relations,  joint  use  of  poles, 
cost  of  passenger  transportation  serv- 
ice. Addresses  on  "Electric  Railway 
Securities  from  the  Investors*  \'iew- 
point."  by  Mr.  C.  W  Beall  of  Harris. 
Forbes    i^-   Company,    and    by    Mr.    F. 

E.  Frothingham.  of  Perry,  Coffin  & 
Barr;  on  "Present  Tendency  of  Pub- 
lic Utility  Laws  and  Regulations."  by 
Mr.  Frank  Hedley.  vice-president,  In- 


borough  Rapid  Transit  Company,  Mr. 
C.  L.  S.  Tingley.  vice-pregident, 
American  Railways  Company  of  Phil- 
adelphia, and  Mr.  Richard  McCul- 
lock.  vice-president,  United  Railways 
Company  of  St.  Louis. 

Friday,  9:30  A.  M. — Reports  of 
Committees  on  Equipment,  Standards 
and   Education. 

An  unusual  efTort  has  been  made  to 
get  the  executives  as  well  as  the  op- 
erating officials  to  attend  this  con- 
vention. Additional  meeting  room 
space  has  been  provided  and  an  un- 
usually large  exhibit  of  manufactur- 
ers' apparatus  is  planned. 


PERSONALS 


Mr.  H.  S.  Block  has  been  appointed 
manager  of  works  of  the  Westing- 
house  Lamp  Company,  Bloomfield, 
N.  J.,  to  succeed  Mr.  R.  H.  Hender- 
son, who  resigns  to  take  up  other 
work.  Mr.  Block  has  had  long  ex- 
perience in  this  line  of  work  with  the 
National  Quality  Lamp  Division  of 
the  General  Electric  Company.  For 
the  last  three  years  he  has  been  in 
charge  of  their  St.   Louis  factory. 

Mr.  F.  B.  H.  Paine,  general  man- 
ager of  the  Niagara  Lockport  &  On- 
tario Power  Company  has  severed  his 
connection  with  the  company. 


Mr.  Henry  D.  Jackson,  consulting 
engineer,  88  Broad  Street,  Boston,  is 
on  a  three  months'  vacation  trip  in 
Bermuda.  He  expects  to  return 
about   Tanuarv  ist. 


Mr.  W.  B.  Miser,  until  recently  of 
the  Chicago  district  office  of  the  Wes- 
tinghouse  Electric  &  Mfg.  Company, 
has  been  appointed  manager  of  the 
Jacksonville  (III.)  Railway  iS:  Light 
Company. 


Mr.  G.  W.  Borst,  for  the  past  three 
years  with  the  engineering  depart- 
ment of  the  Western  Electric  Com- 
pany, has  accepted  the  position  of 
chief  electrical  engineer  of  the  Chi- 
cago Fuse  Mfg.  Company.  Prior  to 
his  association  with  the  Western 
Electric  Company.  Mr.  Borst  was 
with  the  Westinghous"'  r,-.iiip.Tiiv  in 
Pittsburgh. 


Mr.  D.  W.  Smith,  formerly  of  the 
industrial  and  power  sales  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company,  has  been  appointed 
manager  of  motor  sales  of  the  Rob- 
bins  &:  Mever  Company.  Springfield. 
Ohio. 
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NEW  BOOKS 


"An  Expensive  Experiment" — Regi- 
nald P.  Bolton.  281  pages,  illus- 
trated. Published  by  The  Baker  & 
Taylor  Co.  Price  $2.00. 
This  book  has  to  do  with  the  exten- 
sive transmission  sj'stem  constructed 
by  the  Hydro-Electric  Commission 
of  Ontario,  Canada.  It  treats  only  of 
the  financial  phase  and  aspects  of  this 
unusual  governmental  development. 
The  undertaking-  represents  one  of 
the  largest  public  ownership  institu- 
tions supplying  light  and  power  on 
this  continent,  and  consequently  has 
attracted  wide-spread  attention.  The 
operation  of  such  a  system  repre- 
sents a  new  departure  and  naturally 
the  control  of  such  large  properties 
by  political  authorities  is  beset  with 
difficulties  and  often  with  economic 
deficiencies.  Discrimination  between 
communities,  various  classes  of  serv- 
ice and  industries  is  shown  to  exist 
by  the  author.  The  reported  results 
of  operation  are  misleading,  as  in  the 
expenses  are  omitted,  sinking  fund, 
depreciation  and  provision  for  ade- 
quate maintenance.  By  taking  all  ele- 
ments of  cost  into  account  it  is  proven 
that  the  prices  obtaining  in  certain 
localities  before  the  system  was  es- 
tablished were  lower  than  the  cost  at 
which  the  commission  may  properly 
distribute  hydro-electric  power.  The 
burden  falls  upon  certain  classes  of 
consumers  and  the  tax-payers  of  the 
province.  That  it  reflects  upon  the 
financial  credit  of  the  province  has 
already  become  apparent.  This  book 
may  be  studied  by  the  utility  com- 
panies and  the  economist  with  profit. 

E.D.D. 


"Rules  of  Management"  —  William 
Lodge.  139  pages.  Published  by 
the  McGraw-Hill  Book  Co.  Price, 
$2.00. 

The  author,  who  has  been  for  years 
president  of  the  Lodge  &  Shipley 
Tool  Company,  gives  in  this  little 
book  an  actual  instance  of  how  cer- 
tain things  were  done.  There  are  no 
generalities.  In  his  experience  he 
had  certain  conditions  in  his  shop. 
He  wished  to  let  younger  hands  take 
on  the  active  direction  of  the  work  of 
his  Company  and.  as  a  means  of  see- 
ing that  his  policies  were  carried  out 
by  his  successors,  he  wrote  out  cer- 
tain rules  and  metliods,  in  plain 
straight-forward  language,  taking  up 
in  turn  various  divisions  of  the  work 
coming  under  such  headings  as,  the 
general  manager,  the  chief  engineer, 
the    drawing    room,     the    purchasing- 


agent,  the  superintendent  of  manu- 
facturing, the  chief  clerk,  the  cost 
and  time  keeping  department,  the 
operation  of  the  premium  plan,  the 
pattern  shop,  the  tool  making  room, 
the  forge  department,  the  lathe  de- 
partment, the  grinding  department, 
the  drilling  department,  the  planer  de- 
partment, the  milling  department,  the 
gear  cutting  department,  instructions 
for  painting  lathes,  the  sales  mana- 
ger, the  shipping  clerk,  the  engineer, 
electrician  and  oil  man,  janitors  and 
watchmen,  the  proposed  pension  plan. 
The  first  chapter,  devoted  to  "the  ex- 
ceptional employee,"  contains  some 
excellent  advice.  The  book  is  char- 
acterized by  its  intimate  personal  tone 
in  reviewing  the  requisites  of  men  for 
the  various  positions. 


"Transformer    Practice" — William    T. 

Taylor.    278  pages,  191   illustrations. 

Published      by'    the      McGraw-Hill 

Book   Co.      Price,   $2.50. 

In  going  over  this  second  edition 
of  this  book,  one  is  impressed  by  the 
apparent  wandering  habits  of  the  au- 
thor, the  first  edition  being  dated  in 
India  and  the  second  in  Peru.  The 
book  is  intended  particularly  for 
those  who  are  operating  or  con- 
structing plants  containing  trans- 
formers. Much  of  the  information 
contained  in  the  book  is  based  on  re- 
sults of  the  experience  of  the  author 
in  various  parts  of  the  world  cover- 
ing- a  number  of  years.  The  first  116 
pages,  are  devoted  to  transformer 
combinations  and  difficulties.  A  chap- 
ter is  devoted  to  the  construction,  in- 
sulation and  operation  of  large  trans- 
formers, also  to  methods  of  cooling 
transformers.  A  good  sized  chapter 
is  devoted  to  transformer  testing  in 
practice  with  a  concluding  chapter  on 
transformer   specifications. 


"Steam,"  Its  Generation  and  Use. 
Published  by  the  Babcock  and  Wil- 
cox  Company. 

This  35th  edition  of  this  well- 
known  book  is  a  large  volume  of  335 
pages  handsomely  printed  and  illus- 
trated. In  general  the  arrangement 
is  similar  to  previous  editions,  but 
there  is  much  tliat  is  new  both  in  the 
text  and  illustrations.  Among  the 
new  illustrations  of  installations  are 
full  page  photographs  of  the  Wool- 
worth  Bldg.,  McAlpin  Hotel,  and 
Bankers  Trust  Bldg.  While  the  book 
is  ostensibly  a  company  publication, 
there  is  so  much  of  engineering  value 
in  it  that  it  forms  an  excellent  text- 
book on  steam  practice  and  data. 
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Efficiency  engineering  has  played  a  most  import- 
ant part  in  the  electrification  of  manufacturing  es- 
.  tablishments  in  every  industry.     Factory  managers 

(.■\er\  where,  who  have  been  alive  to  the  necessity  of 
reducing  their  manufacturing  costs  while  improving 
the  quality  of  their  product,  have  turned  to  electric 
drive  as  the  solution  of  their  problem,  and  the  results  have  fully 
proved  the  wisdom  of  their  course. 

The  new-  tariff  bill  invites  increased  foreign  competition  in  near- 
ly every  industry,  and,  therefore,  reduced  profits  to  the  manufac- 
turer. This  means  that  a  reduction  in  th^  cost  of  manufacture  is 
not  only  necessary  to  insure  the  continuation  of  profitable  business 
in  numerous  instances,  but  in  many  others  is  required  to  perpetuate 
the  very  life  of  the  plants  themselves.  The  advantages  derived  from 
motor  drive  are,  therefore,  of  special  interest  at  this  time  to  those 
engaged  in  every  industry,  as  well  as  to  those  whose  time  is  devoted 
to  the  various  phases  of  the  electrical  business. 

Along  with  other  commodities,  sugar  is  to  be  placed  on  the 
free  list.  About  one  hundred  years  ago  the  first  refined  beet-root 
sugar  was  produced  at  a  cost  of  approximately  eighty  cents  per 
pound.  Today  one  can  purchase  at  retail  about  fifteen  times  this 
quantity  for  the  same  amount  of  money.  During  this  period  many 
improvements  have  occurred,  which  cover  the  entire  field  of  effort 
of  sugar  production,  from  the  cultivation  of  the  raw  material  to 
the  handling  of  the  finished  product;  but  still  more  improvements 
are  necessary  and  the  further  equipment  of  refineries  with  motor 
drive  will  play  an  important  part  in  bringing  this  alx)ut. 

The  article  in  this  issue  of  the  Jolrnal  by  Mr.  Wirt  S.  Scott, 
relative  to  the  production  of  beet  sugar,  is  of  especial  interest  at  this 
time,  as  this  is  one  of  the  industries  which  has  been  hit  hardest  in 
the  recent  revision  of  the  tariff  schedules.  This  article  not  only  de- 
scribc;  in  an  interesting  manner  the  process  of  manufacture,  but 
points  out  very  clearly  the  saving  which  can  be  made  where  motor 
drive  is  utilized,  notwithstanding  the  fact  that  this  is  an  industry  in 
which  steam  plays  an  important  j^art  for  other  than  power  purposes. 

H.  W.  Cope 
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Dr.  Lederer's  paper  on  "The  Tungsten  Lamp  and 

Recent  Its  Development."  published  in  the  present  issue  of 

Improvements  the  Journal,  presents  an  interesting  resume  of  the 

in  Tungsten     history  of  the  incandescent  lamp  in  general  and  the 

Lamps  metallic  tilament  lamp  in  particular.     Reading  be- 

tween the  lines,  one  can  readily  appreciate  the  enor- 
mous amount  of  research  work  which  was  necessary  to  bring  the 
tungsten  lamp  to  its  present  high  state  of  efficiency  in  such  a  com- 
paratively short  time.  And  the  end  is  not  yet,  as  it  is  still  at  the 
present  time  in  an  active  process  of  development. 

Recent  improvements  in  the  tungsten  lamp  bear  in  the  main  on 
the  question  of  obtaining  greater  efficiency  without  a  corresponding 
decrease  in  the  candle-power  maintenance  during  the  life  of  the 
lamp.  This  has  been  accomplished  by  introducing  into  the  lamp 
small  amounts  of  chemical  substances  which  prevent  the  blackening 
due  to  particles  of  tungsten  thrown  off  from  the  incan- 
descent filament.  The  useful  life  of  the  lamp  on  the  user's  circuit 
therefore  approximates  much  more  closely  than  formerly  to  the  ac- 
tual life  which  the  filament  would  give  if  the  blackening  had  no't 
appeared  on  the  bulb.  Not  only  has  the  chemical  introduced  into 
the  lamp  been  instrumental  in  preventing  the  blackening,  but  it  has 
also  made  it  possible  to  decrease  the  size  of  the  bulb  in  several  types 
of  lamps,  notably  the  60  watt  lamp,  with  the  corresponding  possibil- 
ity of  adapting  them  to  a  much  wider  variety  of  uses. 

A  further  improvement  has  been  made  by  constructing  new 
tungsten  lamps  in  which  the  filament  is  concentrated  within  a  smaller 
radius  than  that  of  the  ordinary  types.  This  could  hardly  have 
been  accomplished  with  the  former  brittle  filaments,  but  the  intro- 
duction of  the  drawn  wire  with  its  characteristics  of  great  pliability 
and  ductility  has  made  it  possible  to  coil  the  wire  into  helical  springs 
which  have  sufficient  elasticity  so  that  their  various  convolutions  do 
not  touch  each  other  when  burning.  Thus,  it  has  been  possible  to 
get  nearer  to  the  so-called  point  source  of  light,  and  especially  im- 
prove the  construction  of  automobile  headlight  and  other  types  of 
lamps  where  such  an  arrangement  of  the  filament  is  particularly  de- 
sirable. A  further  advantage  of  the  concentrated  filament  arrange- 
ment resides  in  the  fact  that  lamps  constructed  in  this  manner  are 
considerably  stronger  mechanically  than  the  older  types  of  lamps 
with  their  great  length  of  straight  filaments. 

A  further  improvement  of  possibly  far  reaching  importance 
has  lately  been  introduced  by  the  use  of  an  atmosphere  of  inert 
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gases,  principally  nitrogen,  in  the  tungsten  lamp.  While  lamps  con- 
structed in  this  manner  have  hardly  passed  the  experimental  stage, 
vet  the  indications  are  that  they  can  l)e  burned  at  a  considerably 
higher  efficiency  than  ordinary  lamps,  even  as  low  as  one-half  watt 
per  candle.  It  is  possible  therefore  that  when  lamps  of  this  type 
become  fully  developed  they  may  effect  the  art  of  incandescent 
lighting  to  an  extent  that  can  only  be  surmised  at  present. 

It  is  therefore  obvious  from  the  foregoing  remarks  that  a  great 
deal  yet  remains  to  be  done  in  the  development  of  the  incandescent 
lamp  and  that  it  still  presents  a  very  fruitful  field  for  experiment 
and  research. 

G.   P.    SCHOLL 


Mr.  Mahoney  makes  a  timely  suggestion  in  his  ar- 
Circuit         tide  on  "Circuit  Breaker  Ratings"  which  appears 
Breaker        in  this  issue  of  the  Journal.     Up  to  the  present 
Rating^s        time  it  has  been  customary  to  rate  a  circuit  breaker 
in  terms  of  the  aggregate  capacity  of  synchronous 
apparatus  installed   in  close   proximity  thereto.      Instead   of   that 
method,  Mr.  Mahoney  suggests  a  method  of  rating  which  depends 
upon  the  actual  kilovolt-amperes  which  the  circuit  breaker  will  inter- 
rupt successfully,  as  determined  by  multiplying  the  normal  voltage 
of  the  circuit  by  the  maximum  amperes  which  the  circuit  breaker 
can  ])e  depended  upon  to  interrupt  successfully. 

We  consider  that  such  a  modification  in  method  of  rating  cir- 
cuit breakers  is  highly  desirable.  The  old  method,  which  depended 
solely  upon  the  amount  of  synchronous  apparatus  in  close  proxim- 
ity, could,  of  course,  take  no  cognizance  of  the  differing  character 
of  that  synchronous  apparatus,  nor  could  it  recognize  the  existence 
of  current  limiting  reactances.  Both  of  these  features  have  a  tre- 
mendous effect  ui)on  the  amount  of  current  which  a  given  circuit 
breaker  may  be  called  ui)on  to  interrupt,  and,  consequently,  are  of 
»'ital  importance  in  so  far  as  the  rating  of  circuit  breakers  is  con- 
cerned. 

By  proper  use  of  the  current  limiting  reactances,  the  amount  of 
current  which  a  circuit  breaker  will  be  called  upon  to  interrupt  on  a 
given  system  may  be  cut  down  tremendously.  The  usual  method  of 
installing  reactances  in  generator  circuits,  of  course,  cuts  down  the 
short-circuit  current  of  a  group  of  generators  to  a  considerable  ex- 
tent. However,  the  more  logical  method  of  installing  current  limit- 
ing reactances  in  feeder  circuits  will  serve  to  cut  down  the  short- 
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circuit  currents  to  a  tremendously  larger  extent.  When  dealing  with 
the  question  of  circuit  breakers,  the  matter  of  reactances  in  feeder 
circuits  as  against  generator  circuits  becomes  a  very  important  item 
m  determining  the  ultimate  cost  of  switching  apparatus. 

We  believe  that  this  question,  which  is  raised  by  Mr.  Mahoney's 
contribution,  is  a  matter  upon  which  the  Standards  Committee  of 
the  American  Institute  of  Electrical  Engineers  could  properly  take 
official  action. 

P.  M.  Lincoln 


One  who  is  about  to.  move  into  a  strange  country 

The    Letter     and  to  live  among  new  people  gladly  listens  to  those 

To  who  can  tell,   from  their  own  experience,  the  pe- 

Urban  culiarities  of  the  country  and  the  characteristics  of 

the  people  among  whom  he  is  to  abide.  He  wel- 
comes suggestions  which  may  aid  him  in  accommodating  himself 
to  the  new  conditions  and  in  getting  along  smoothly  with  his  new 
neighbors,  and  greatly  appreciates  hints  which  may  assist  in  success- 
fully accomplishing  the  particular  purpose  or  work  he  may  have 
in  view.  Likewise,  the  young  man  entering  upon  his  life  work  is 
usually  eager  to  listen  to  accounts  of  equipment  and  methods  and 
organization  and  men,  and  he  is  especially  intent  when  the  story  of 
the  rise  of  the  inventor  or  sales  manager  or  the  president  is  related. 

But  when  one  is  advised  as  to  his  own  habits  and  conduct,  and 
the  importance  of  various  personal  and  moral  qualities  are  dwelt 
upon,  he  is  apt  to  lose  interest  and  pass  it  by  as  very  good  for  other 
people,  but  quite  superfluous  for  personal  use.  And  yet  the  things 
which  limit  most  men  and  hold  them  back  from  the  front  rank 
are  usually  personal  or  moral.  Colonel  Prout  has  said,  "It  is  my 
constant  observation  of  four  engineering  works,  employing  about 
20  000  men,  that  engineers  reach  the  limit  of  their  usefulness  from 
defects  of  character,  rather  than  from  want  of  technical  attain- 
ments. Our  greatest  difficulty  is  to  find  courage,  candor,  imagina- 
tion, large  vision  and  high  ambition." 

The  wise  young  man  who  looks  forward  with  large  vision  and 
high  ambition  will  welcome  the  opportunity  to  share  with  Urban 
the  counsel  his  father  gives,  in  the  article  by  Mr.  Walter  V.  Tur- 
ner appearing  in  this  issue.  "Advice  is  cheap,"  and  that  is  all  that 
much  of  it  is  worth.  But  the  letter  written  to  Urban  gives  advice 
that  cost  a  lifetime  of  effort,  and  its  precepts  were  dearly  paid  for 
in  the  school  of  experience. 


THE  LETTER  TO  URBAN  i  loi 

Very  complicated  engineering  problems  are  often  found,  when 
properly  analyzed,  to  rest  upon  a  very  few  simple,  fundamental 
principles.  Very  able  and  successful  men  are  often  found,  when 
their  methods  and  characteristics  are  analyzed,  to  have  accomplished 
their  results  by  simple  and  commoni)lace  means,  just  such  simple 
and  fi)i-  the  most  part  obvious  rules  of  conduct  as  are  set  forth 
by  Mr.  Turner. 

The  representative  of  a  large  manufacturing  compan\  in  ad- 
dressing the  senior  class  of  an  engineering  school  last  Spring  said, 
"My  company  wants  leaders,  and  I  come  here  to  find  whether  any 
of  you  men  have  nerve  enough  to  undertake  to  become  its  leaders 
twenty  years  from  now."  Then  he  told  some  of  the  experiences 
which  were  involved  and  some  of  the  traits  which  would  be  essential. 
It  seems  to  me  that  the  young  man  who  is  starting  for  the  top  may 
study  to  good  advantage  the  rounds  of  the  ladder  by  which  the  chief 
engineer  of  the  foremost  air  brake  company  in  the  world  attained 
his  position.  Chas.  F.  Scott 


Mining  as  an  industry  has  made  wonderful  strides 
Central  Sta-    in  the  last  decade.     But  it  is  one  of  the  few  indus- 
tion   Power     tries  wherein  the  methods  of  production  have  not 
In  kept  pace  with  the  demand  for  the  product.     Only 

Coal   Mines     in  recent  years  have  the  operators  realized  that  thev 
were  not  giving  this  phase  of  their  business  the  at- 
tention it  warranted. 

The  constantly  increasing  demand  for  coal  to  supply  the  im- 
mense manufacturing  plants  and  railroads,  tended  to  increase  com- 
petition, a  condition  which  permits  of  no  material  increase  in  the 
selling  price.  On  the  other  hand  the  cost  of  production  has  in- 
creased. Therefore,  although  the  gross  returns  have  been  higher 
each  year,  the  net  profits  have  been  falling  otT.  Naturally,  the  coal 
operators  are  looking  for  ways  and  means  to  increase  their  net  earn- 
ings. 

The  cost  of  power  construction  is  a  very  material  part  of  the 
gross  expense  of  mining  coal.  To  many  people  it  seems  like  "car- 
rying coals  to  Newcastle"  for  a  coal  company  to  purchase  its  electric 
power.  True,  at  first  glance,  it  appears  ridiculous  that  a  power 
company  could  sell  at  a  profit  a  commodity  manufactured  from  the 
principal  product  of  the  customer.  But.  as  Mr.  Rickards  says  in 
his  article  in  this  issue  of  the  Journ.\l,  making  power  is  a  business 
m  itself.     In  the  first  place,  power  companies,  primarily  equipped 
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for  supplying  lighting  and  traction  loads,  already  exist  in  the  imme- 
diate territory  of  the  mines,  and  their  power  equipment,  representing 
an  immense  investment,  is  doing  little  of  its  intended  work  during 
those  hours  of  the  day  when  the  mining  load  is  highest. 

The  coal  operator,  with  his  comparatively  small  and  inefficient 
plant,  must  be  equipped  to  handle  his  maximum  demand  for  power, 
thus  tying  up  a  large  sum  of  money  to  take  care  of  an  infrequently 
occurring  peak.  On  the  other  hand  the  central  station  has  the  ad- 
vantage of  the  "diversity  factor" — that  is,  the  fact  that  its  load  is 
made  up  of  various  industries,  operating  under  greatly  varied  con- 
ditions, and  as  a  result  the  central  station  peak  is  not  so  exaggerated, 
compared  with  the  average  load.  Even  if  the  day  load  consisted  en- 
tirely of  coal  mines,  it  is  improbable  that  the  individual  peak  loads 
would  occur  on  more  than  20  percent  of  the  mines  at  any  one  time 
This  means  a  proportionally  smaller  investment.  The  central  sta- 
tion plant  is  also  made  up  of  larger  units,  making  for  higher  effi- 
ciency, and  its  employees  are  experts  in  their  line,  thus  bringing 
about  economies  and  reliability  of  service  that  the  mine  man  is  un- 
able to  consider. 

Granting  that  the  mine  owner  can  usually  purchase  power 
cheaper  per  kilowatt-hour  than  he  can  make  it,  his  profit  does  not 
stop  here.  The  purchase  of  power  makes  the  mine  owner  watchful 
over  his  power  consuming  equipment  and  leads  to  uncovering  many 
wastes  that  otherwise  would  pass  unnoticed.  But,  when  the  power 
is  generated  at  the  mine  the  cost  of  power  is  very  apt  to  be  lost 
sight  of  and  the  possibilities  of  economy  never  come  to  light. 

Over  and  above  the  question  of  saving  in  cost  is  the  guarantee 
of  continuous  service,  and  the  elimination  of  the  woiry  and  care 
of  running  a  power  business  on  the  side*  The  mine  owner  is  free  to 
give  all  of  his  attention  to  the  mining  and  shipping  of  coal,  which, 
after  all,  is  the  business  he  knows  best,  and  is  primarily  what  he 
depends  on  for  profit. 

The  use  of  central  station  power  by  mines  has  been  seriously 
considered  only  in  the  last  few  years,  but  wonderful  results  have 
already  been  obtained.  The  points  made  by  Mr.  Rickards  are  all 
well  known  to  users  of  central  station  power  and  should  be  care- 
fully considered  by  every  mine  operator  before  installing  new  power 
g'enerating  equipment,  F.  J.  Foley 


BREAKING  CAPACITY  RATING  OF  OIL 
CIRCUIT  BREAKERS 

APPLICATION  TO  OPERATING  CONDITIONS 
J.  N.  MAHONEY 

ONE  of  the  essential  requirements  of  an  oil  circuit  breaker  is 
that  it  have  sutificient  circuit-breaking  capacity  to  meet  the 
conditions  and  the  character  of  the  service  at  the  point  where 
it  is  appHed.*  The  breaking  capacity  rating  of  an  oil  circuit  breaker 
is  usually  stated  at  the  present  time  in  terms  of  ''ultimate  breaking 
capacity,"  expressed  as  the  total  normal  rated  capacity  of  the  gener- 
ating and  synchronous  apparatus  connected  to  the  circuit,  which 
the  circuit  breaker  can  be  depended  upon  to  successfully  control 
under  given  conditions.  In  the  ultimate  breaking  capacity  rating 
of  circuit  breakers,  they  are  considered  as  connected  directly  to,  and 
close  to  the  source  of  power,  and  these  ratings  are  based  on  auto- 
matic instantaneous  over-load  tripping  in  connection  with  generators 
having  some  specified  percentage  of  inherent  reactance,  and  having 
the  maximum  rated  voltage  given  for  the  circuit  breakers.  Any 
departure  from  these  assumptions  will  change  the  relative  rating. 

All  reactances  added  by  lines,  transformers  or  otherwise,  will 
increase  the  breaking  capacity  rating  in  direct  proportion ;  for  ex- 
ample, if  the  reactance  added  by  a  step-up  transformer,  a  line  to  a 
substation  and  a  step-down  transformer,  be  equal  to  that  of  the 
generator  capacity,  the  breaking  capacity  rating  of  the  circuit  breaker 
in  the  substation  on  the  above  basis  will  be  doubled.  When  a  cir- 
cuit breaker  is  to  be  placed  in  the  secondary  circuit  of  a  transformer, 
the  kilovolt-ampere  capacity  of  which  is,  say,  25  percent  or  less  of 
the  capacity  of  the  generating  station,  the  reactance  of  this  trans- 
former and  its  capacity  are  the  factors  to  be  considered  in  determin- 
ing the  breaking  capacity  rating  of  the  circuit  breaker  to  be  applied. 

Since  the  inherent  reactance  of  slow  speed  generators  is  usually 
higher  than  that  of  turbo-generators,  the  breaking  capacity  rating 
of  the  circuit  breaker,  on  the  above  basis,  opening  circuits  supplied 
by  sucii  generators,  would  be  increased  in  direct  proportion  to  the 
increase  in  reactance  of  the  generators,  which  is  not  always  true. 

Generators  of  different  types  have  widely  varying  short-circuit 
characteristics  and  inherent  reactances.    The  maximum  current  flow 


♦This  was  touched  upon  by  the  writer  in  the  Journal  for  August,  191J. 
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on  the  initial  wave  of  short  circuit  varies  from  five  to  fifty  times 
the  mean  full-load  current.  The  rate  of  decrease  from  this  initial 
maximum  to  the  "sustained"  short-circuit  current  varies  so  that 
some  machines  have  hut  one-fourth  of  this  initial  maximum  at  the 
end  of  one-tenth  second,  while  others  have  approximately  one-half 
of  the  maximum  at  the  end  of  this  same  time,  and  in  still  other 
cases,  as  high  as  three-fourths  of  the  initial  maximum.  The  final 
or  "sustained"  short-circuit  current  at  the  end  of  two  seconds  varies 
from  approximately  one  and  one-half  to  three  times  full-load  cur- 
rent. The  inherent  reactance  of  circuits,  including  overhead  lines, 
transforming  apparatus  or  underground  cables,  may  be  of  almost 
any  value,  and  this  value  may  be  a  controlling  factor  in  the  short- 
circuit  current  that  will  reach  the  circuit  breaker  and  the  open-cir- 
cuit voltage  that  may  be  caused  by  the  operation  of  the  circuit 
breaker  under  overload  conditions. 

The  method  of  tripping  the  circuit  breaker  is  a  factor  in  the 
current  that  may  exist  at  the  time  of  opening  of  the  contacts,  inas- 
much as  this  opening  of  the  contacts  may  occur  as  early  as  one-tenth 
of  a  second  after  the  appearance  of  the  overload,  or  any  greater 
period,  determined  by  the  method  of  tripping  or  form  of  tripping 
relay  used.  When  the  circuit  breaker  is  non-automatic,  this  time 
is  wholly  within  the  control  of  the  operator,  but  it  is  practically  a 
physical  impossibility  for  him  to  operate  it  within  less  than  two 
seconds  after  the  appearance  of  an  unexpected  over—load.  The 
operating  mechanisms  of  different  forms  of  circuit  breakers  are 
more  or  less  sluggish  in  responding  to  the  requirements  of  the  dif- 
ferent forms  of  tripping  mechanism,  so  that  time  periods  up  to  one- 
half  second  have  been  noted  from  the  time  the  short  circuit  or  over- 
load appeared  until  the  mechanism  had  separated  the  contacts  in 
the  oil  sufficiently  to  rupture  the  current  flow  in  an  instantaneous 
automatic  circuit  breaker. 

To  cite  examples  of  the  speed  of  operation,  it  may  be  said  that 
circuit  breakers  tripped  directly  by  series  trip  coils  or  trip  coils 
directly  fed  from  series  transformers  and  acting  directly  on  the 
actuating  mechanism,  will  act  on  short  circuit  in  approximately  two 
to  two  and  one-half  cycles  on  25  cycles,  or  approximately  one-tenth 
of  a  second,  especially  when  the  mechanism  is  equipped  with  means 
for  accelerating  it  at  a  rate  greater  than  the  action  of  gravity.  Cir- 
cuit breakers  tripped  by  what  is  known  as  a  shunt-trip  coil,  which  is 
supplied  in  some  cases  with  direct  current  through  relays,  which  are 
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ill  turn  acted  upon  by  coils  in  series  with  the  load  current,  or  which 
i.s  supphed  with  current  (hrect  from  series  transformers,  take  a 
much  greater  time  to  act.  This  time  will  vary  in  length  with  the 
form  of  relay  used,  with  the  inertia  of  the  tripping  mechan- 
ism, and  with  the  form  of  magnetic  circuit  used  in  the  trip  magnet. 
The  writer's  experience  is  tiiat  the  least  time  in  which  one  of  these 
combinations  act  is  approximately  one-quarter  of  a  second  or 
six  cycles  of  a  25-cycle  circuit,  and  may  be  almost  any  period  greater 
than  that,  determined  wholly  by  the  type  of  actuating  mechanism 
ami  method  of  automatic  tripping.  This  is  illustrated  by  the  oscil- 
lograms in  Figs.  I  and  2,  Fig.  i  representing  the  action  of  an  in- 
stantaneous trip  relay,  and  Fig.  2  that  of  an  instantaneous  direct 
trip  circuit  breaker. 
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KIC.    I — DIRKCT  SHORT-CIRCUIT  ON  ONE-PHASE  OF   A   30  000    KILO- 
OWATT.      THRKK-PHASK.      25      CYCLE,       I2  0(M1      VOI.T      CIRCUIT, 

throi(;h  a  (  iRcriT  hrkakkr  equipi'kd  with-  an  instan- 
taneous TRIP  RKI.AY,  with  DIRECT-CURRENT  SHUNT  TRIP 
MAGNET 

It  took  eiRlit  cycles  (about  0.32  seconds')  for  the  circuit 
brrakcr  to  trii).  durinv;  wliich  time  the  current  decreased 
from  the  niaxiinuni  anii)litude,  at  C.  to  that  indicated  at  D. 
.At  B  the  vohage  rose  from  zero,  during  the  short-circuit, 
to  the  normal  generator  value,  with  very  little,  if  any,  ir- 
regularity. 

In  a  system  of  considerable  size  it  may  be  n«»tcd  that  with  con- 
siderable reactance,  provided  either  artificially  or  naturally,  by  means 
of  the  lines  and  transformers  in  circuit  between  the  generating  ap 
paratus  and  the  circuit  breaker,  short-circuit  currents  may  be  con- 
slant  regardless  of  the  method  of  tripping,  and  may  be  relatively 
small,  compared  with  the  short-circuit  currents  with  the  circuit 
breaker  situated  near  the  bus-bars  at  the  generating  plant.  When 
the  circuit  breaker  has  considerable  reactance  between   it  and  the 
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source  of  power  supply,  the  method  of  tripping  or  speed  of  opera- 
tion would  not  affect  the  current  it  would  be  compelled  to  break, 
and  the  characteristics  of  the  generators  would  not  have  to  be  con- 
sidered ;  whereas,  if  it  is  situated  close  to  the  generating  apparatus, 
all  of  the  above  factors  come  into  consideration,  even  on  breakers 
having  the  same  method  of  tripping,  such  as,  for  instance,  "instan- 
taneous trip."  As  stated  above,  an  instantaneous  direct-trip  circuit 
breaker  may  work  on  the  second  cycle  of  a  25-cycle  circuit  when 
the  current  on  short-circuit  is  practically  at  a  maximum ;  whereas, 
an  instantaneous  relay-trip  circuit  breaker  would  not  work  earlier 
than  in  six  cycles  of  25-cycles.  Considering  this  fact  in  connection 
with  generators  of  widely  different  characteristics  and  in  some  cases 
having  a  very  steeply  decreasing  short-circuit  characteristic,  the  in- 
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FIG.  2 — DIRECT  SHORT-CIRCUIT  IN  SAME  LOCATION  AS  IN  FIG.  I, 
THROUGH  AN  INSTANTANEOUS  DIRECT-TRIP  CIRCUIT  BREAKER, 
WITH    ALTERNATING-CURRENT    TRIP    MAGNET 

It  took  slightly  less  than  2.5  cycles  (about  0.09  seconds) 
for  the  circuit  breaker  to  trip.  A  surge  in  voltage  amount- 
ing to  about  twice  normal  value  is  shown  at  E,  although  the 
generator  was  not  isolated,  which  might  be  sufficient  to 
cause  damage  to  weakly  insulated  apparatus. 


stantaneous  relay  trip  circuit  breaker  would  be  compelled  to  break 
but  a  small  portion  of  the  current  that  a  direct-trip  circuit  breaker 
would  be  forced  to  open  in  the  same  location. 

In  view  of  all  the  above  facts,  the  following  assumptions  have 
ordinarily  been  made  by  circuit-breaker  manufacturers  in  order  to 
apply  the  ultimate  kilovolt-ampere  breaking  capacity  rating  on  the 
above  basis  to  operating  conditions.  These  assumptions  are  more  or 
less  arbitrary,  and  the  actual  characteristics  or  conditions  should  be 
known  in  order  to  modify  the  assumptions  so  as  to  secure  a  correct 
application  of  a  given  circuit  breaker  to  given  conditions. 
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It   is   assumed  : — 

I — That  tlic  generators  have  an  inliereiit  reactance  of  approximately 
eight  percent,  or,  in  other  words,  give  a  maxinuiin  current  on  the  first  wave 
of  short  circuit  of  IJ.3  times  the  mean  full-load  current;  and  also  that  the 
sustained  short-circuit  current  has  a  maximum  value  of  three  times  the  mean 
full-load  current. 

_•  -That  the  current  at  the  time  the  circuit  is  opened  is  approximately 
50  percent  of  that  occurring  on  the  initial  wave ;  or  in  other  words,  6.25  times 
the  mean  full-load  current. 

,V Tliat  ilie  circuit  breakers  are  very  close  to  the  generators  or  other 
source  of  power,  so  that  the  circuit  reactance  froin  the  generators  through 
the  circuit  breakers  to  the  point  of  short  circuit  is  practically  negligible. 

4 — That  the  operation  of  the  circuit  breakers  is  normal  for  the  particu- 
lar type,  and  that  the  method  of  tripping  is  that  known  as  "instantaneous," 
under  wliicli  conditions  tiie  mechanism  siiovdd  be  expected  to  operate  in  o. i 
to  0.2  seconds. 

5 — That  the  normal  operating  voltage  which  the  circuit  breakers  are 
called  upon  to  open  is  that  on  which  tlieir  rating  is  based. 

6 — Where  a  circuit  breaker  is  used  at  a  lower  voltage  than  the  max- 
imum for  which  it  is  designed,  it  is  assumed  that  a  one  percent  increase 
in  kilovolt-ampere  rupturing  capacity  is  permissible  for  every  one  per- 
cent decrease  in  operating  voltage. 

The  basis  of  this  last  arbitrary  rule  is  partly  the  fact  that  the 
guarantee  for  double  voltage  would  be  zero  kilovolt-atnperes,  and  at 
normal  voltage,  100  percent  of  the  rating.  A  straight  line  drawn 
through  these  two  points  and  carried  through  to  zero  voltage  would 
give  the  increase  above  mentioned.  Repeated  tests  have  demonstra- 
ted that  this  arbitrary  rule  is  conservative  and  field  data  of  circuit- 
breaker  operation  form  a  further  demonstration.  Any  standard 
circuit  breaker  will  rupture  a  reasonable  percentage  of  its  rating  at 
double  voltage  and  it  is  also  a  fact  that  its  circuit  breaking  ability 
would  be  almost  infinite  at  a  voltage  slightly  greater  than  zero.  In 
view  of  this,  it  will  be  noted  that  the  increase  in  rating  would  be  a 
ratio  greater  than  the  first  power. 

The  guarantees  as  to  circuit-breaker  operation  ordinarily  given 
l)y  manufacturers  are  all  based  on  some  such  assumptions  as  those 
stated  above,  and  tlic  nature  of  these  assumptions  must  be  known 
m  order  to  correctly  apply  the  circuit  breakers.  Since  the  manu- 
facturer cannot  know  ordinarily  the  characteristics  of  the  individual 
machines  on  whose  circuits  the  circuit  breaker  is  rccjuired  to  oper- 
ate, it  is  evident  that  some  such  assumptions  must  be  made  in  order 
to  form  a  basis  for  a  rating  with  respect  to  the  kilovolt-ampere 
bieaking  capacity.  .Xs  an  evidence  of  the  extreme  variations  in  gen- 
erator short-circuit  characteristics,  the  curves  shown  in  Fig.  3  have 
been  plotted  from  o.scillograms  taken  during  a  direct  short  circuit 
on  several  types  of  generators.     The  rating  characteristics  of  the 
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generators  tested  are  presented  in  Table  I,  and  the  oscillograms  from 
which  the  data  was  prepared  are  given  in  Figs.  4  to  11,  inclusive. 
in  order  to  obtain  a  ready  basis  of  comparison,  the  currents  in  Fig. 
3  have  been  plotted  in  terms  of  normal-load  current.     While  certain 
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FIG.  3— SHORT-CIRCUIT  CHARACTERISTICS  OF  AL- 
TERNATING-CURRENT GENERATORS  LISTED  IN 
TABLE   I 

general  conclusions  may  be  drawn  from  the  type  of  generator,  such, 
for  instance,  as  that  the  high-speed  turbo-generator  of  lower  fre- 
quency will  ordinarily  have  a  higher  short-circuit  current  than  the 

TABLE  I— SHORT-CIRCUIT  DATA  ON  ALTERNATING- 
CURRENT  GENERATORS. 


No. 

K.V.A. 

Volts. 

Amperes. 

Cycles. 

R.P.M. 

Type. 

I 

520 

T  000 

300 

25 

I  500 

Turbo 

2 

I  250 

2400 

300 

60 

3600 

Turbo 

3 

6588 

6600 

576 

2< 

375 

w.  w. 

4 

7500 

12  000 

360 

25 

300 

w.  w. 

5 

10  000 

2300 

2  sOO 

60 

I  800 

Turbo  ■ 

6 

12000 

I  r  000 

630 

25 

116 

W.  W. 

7 

17  500 

6600 

I  500 

50 

375 

W.  W. 

8 

17500 

6600 

I  500 

50 

375 

W.  W. 

9 

19000 

8000 

1370 

62.5 

1875 

Turbo 

low-speed  engine  or  water-wheel  type  of  generator,  or  a  generator 
of  higher  frequency,  the  curves  show  some  quite  radical  exceptions 
to  any  general  rules,  and  in  making  a  circuit-breaker  application  it 
is  necessary  to  know  the  short-circuit  characteristics  of  the  particu- 
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lar  machines  under  consideration.  These  may  ordinarily  be  secured 
on  application  to  the  manufacturers  of  the  machines,  in  case  facili- 
ties are  not  available  for  testing  at  the  installation. 


.      J 
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FIG.   4 — SHORT-CIRCIIT   ON   ONE   PHASE  OF  GEXERATOk    NO.    I,    TABLE    I 

In  generators  of  very  low  inherent  reactance  the  rate  of  de- 
crease of  current  is  usually  more  rapid  than  with  those  of  high  in- 
herent reactance  and  at  the  time  the  circuit  breaker  opens,  the  kilo- 
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FIG.    5 — SHORT-CIRCUIT    ON    ONE    PHASE    OF    GENERATOR    NO.    2.    TABLE    I 

volt-am])cres  may  be  one- fourth  or  less  of  the  initial  maximum 
rather  than  one-half,  as  assumed  above.  If  the  plant  capacity  is 
large  and  the  inherent  reactance  is  very  low.  it  is  sometimes  desira- 


Fln.  6 — SHORT-CIRCVIT  ON   Al.l.   PHASES  OF  GENER.VTOR   NO.   3,  TABLE  I 

ble  to  insert  sufiFicient  reactance  in  a  circuit  to  limit  the  maximum 
short-circuit  output  from  the  machines.  If  there  is  sufficient  re- 
actance to  dcfitiitely  limit  the  output  to  suit  a  given  cirruit  breaker, 
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the  addition  of  time-limit  relays  or  non-automatic  operation  will  not 
permit  of  this  reactance  value  being  reduced ;  that  is,  the  rating  of 
the  circuit  breaker  cannot  be  increased  by  non-automatic  operation 
or  the  use  of  time-limit  relays,  as  would  be  the  case  if  the  inherent 
reactance  of  the  generator  were  the  only  limiting  feature. 
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FIG.    7 SHORT-CIRCUIT   ON    ALL    PHASES    OF    GENERATOR    NO.    4,    TABLE    I 

In  view  of  the  ambiguity  of  the  present  methods  of  rating  oil 
circuit  breakers  and  the  consequent  difficulty  on  the  part  of  operators 
of  understanding  the  relations  between  the  capacity  of  the  generators 
and  that  of  the  circuit  breakers,  an  alternative  proposition  is  to 
make  the  basis  of  rating,  the  actual  maximum  alternating  current 
and  alternating  voltage  that  occurs  at  the  time  of  rupture,  and  im- 
mediately thereafter,  respectively,  that  the  circuit  breaker  is  capable 
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FIG.   8 — SHORT-CIRCUIT   ON    ONE   PHASE   OF    GENERATOR    NO.    5,    TABLE   I 

of  successfully  controlling.  By  "successfully  controlling"  is  meant 
that  the  breaker  will  rupture  this  rated  current  and  voltage,  and  be 
in  such  operative  condition  that  it  can  be  immediately  placed  in 
service  again.  It  is  assumed  that  a  systematic  inspection  will  take 
care  of  depreciation  in  contacts  and  oil. 
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nil 


This  basis  of  rating  forms  a  statement  of  what  the  circuit 
breaker  is  actually  capable  of  doing,  and  does  not  bear  any  relation 
to  the  size  of  the  plant  on  which  it  may  be  used,  without  a  further 


FIG.   Q — SHORT-CIRCUIT   ON    ALL    PHASES   OF  GENERATOR    NO.    6,    TABLE   I 

knowledge  of  the  short-circuit  characteristics  of  the  generators  or 
other  synchronous  apparatus,  the  inherent  reactance  of  the  appara- 
tus and  circuits  up  to  and  beyond  the  circuit  breaker  to  the  point 
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where  the  overload  occurs,  the  method  of  tripping  the  circuit 
oreaker  and  the  operating  characteristics  of  the  circuit  breaker  itself. 
Since  all  these  things  must  be  considered  under  any  system  of  rat- 
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ing.  it  is  believed  that  the  selection  of  a  suitable  circuit  breaker  will 
be  easier  if  the  rating  is  in  terms  of  only  maximum  volts  and  am- 
peres, than  under  the  present  system  of  rating. 
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As  at  present  rated,  a  circuit  breaker  is  ordinarily  guaranteed 
by  the  manufacturers  to  be  able  to  successfully  control  a  certain 
kilovolt-ampere  capacity  in  synchronous  apparatus  connected  to  a 
circuit.  As  stated  above,  this  is  made  on  the  assumption  that  the 
circuit  is  opened  at  approximately  50  percent  of  the  maximum  cur- 
rent rush,  and  that  the  inherent  reactance  of  the  generators  is  ap- 
proximately eight  percent.  Then  a  circuit  breaker  which  would  be 
rated  at  22  400  k.v.a.  ultimate  breaking  capacity  would  be  capable 
of  instantly  opening  a  circuit  in  which  140000  k.v.a.  is  obtained 
under  short-circuit  conditions,  on  a  three-phase  basis.  As  the  as- 
sumption is  made  that  the  circuit  is  not  opened  on  the  initial  wave 
of  short  circuit,  but  at  a  value  of  approximately  50  percent  of  the 
maximum  current  rush,  the  guarantee  indicates  that  the  circuit 
breaker  will  successfully  clear  a  short  circuit  on  a  generator  capacity 
which  will  give  280000  k.v.a.  instantaneous  maximum,  three-phase, 
under  short-circuit  conditions.  This  maximum  capacity  can  be 
translated  into  any  other  generator  capacity  by  a  knowledge  of  the 
generator  inherent  reactance  plus  external  reactance,  if  any.  For 
instance,  assuming  the  inherent  reactance  of  the  generator  and  cir- 
cuit up  to  the  circuit  breaker  to  total  ten  percent,  the  generator  ca- 
pacity on  the  above  basis  would  then  be  28  000  k.v.a. ;  whereas,  with 
an  inherent  reactance  of  but  five  percent  the  generator  capacity 
would  be  but  one-half  of  that,  or  14000  k.v.a.,  and  proportionately 
with  any  other  reactance.  The  generator  inherent  reactance  may 
vary  from  two  to  twenty  percent,  and  as  the  external  reactance  may 
be  of  almost  any  value,  and  as  the  rate  of  diminution  of  short-circuit 
current  in  generators  varies  greatly,  it  can  readily  be  seen  that  the 
characteristics  of  the  generator  and  circuits  must  be  determined  be- 
fore a  correct  circuit-breaker  application  can  be  made. 

Where  a  group  of  circuit  breakers  having  a  definite  time-limit 
trip  are  to  be  used  on  feeders,  and  a  main  circuit  breaker  having 
instantaneous  trip  is  to  be  used  between  them  and  the  main  bus-bars, 
the  feeder  circuit  breakers  can  be  of  comparatively  low  breaking 
capacity,  the  main  high-capacity  circuit  breaker  acting  as  a  safe- 
guard for  all. 

The  location  of  the  circuit  breaker  electrically  in  the  system 
affects  the  work  that  may  come  upon  it  in  still  another  manner.  As 
an  example  assume  two  circuit  breakers  located  at  the  ends'  of  a 
high-voltage  transmission  line,  and  a  short  circuit  produced  just 
beyond  the   circuit  breaker  at  the   receiving  end.     If  this   circuit 
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breaker  cleared  the  short  circuit  it  would  be  compelled  to  interrujjt 
a  current  flow  which  w<uild  he  limited  by  the  reactance  of  the  genera- 
tors and  lines  between  the  generators  and  the  points  of  short  circuit. 
If  the  circuit  breaker  at  the  station  end  cleared  this  same  short  cir- 
cuit, it  \v(nild  be  compelled  to  perform  the  same  work  as  the  circuit 
breaker  at  the  receiving  end.  and  in  addition  would  have  to  take  care 
of  the  stored  energy  in  the  transmission  line,  which  tends  to  re- 
establish or  maintain  a  jxitential  difference  for  a  period  immediately 
subse(|uent  to  the  interrupting  of  the  dynamic  flow  of  current.  This 
action  would  be  rendered  still  more  severe  by  the  fact  that  the  in- 
sulating value  of  the  oil  may  be  somewhat  impaired  by  the  arc  of 
the  dynamic  current  immediately  preceding,  before  the  circuit 
breaker  has  completed  its  cycle  of  operation.  In  addition  to  this 
added  work  im])osed  on  the  circuit  breaker  at  the  generating  end, 
it  it  is  located  and  operated  in  such  a  manner  that  the  entire  output 
ot  a  relatively  large  plant  i)asses  through  it  and  it  is  caused  to  open 
under  short-circuit  conditions,  the  stored  energy  in  the  generating 
equipment,  transformers,  etc.,  is  dissipated  therein,  in  addition  to 
ilie  work  of  circuit  breaking;  whereas,  when  a  number  of  lines  and 
circuits  including  other  apparatus  are  operated  in  parallel  with  the 
one  that  may  be  in  trouble,  this  energy  is  (lissii)ated  in  the  system. 

It  will  be  noted  from  the  several  foregoing  factors  which  af- 
fect the  application  of  oil  circuit  breakers,  that  the  present  basis  of 
rating  covers  only  a  given  case;  hence,  to  make  the  best  possible  ap- 
))lication.  the  ratings  so  given  should  be  exceeded  in  some  cases  and 
reduced  in  others,  and  the  more  data  there  is  available,  the  more 
accuratelv  can  a  suitable  circuit  breaker  be  sielecied. 


THE    POWER    PROBLEM  IN    BITUMINOUS 

COAL  MINING 

A.  E.  RICKARDS 

General  Manager, 
Industrial  Engineering  Company.  Pittsburgh,  Pa. 

IN  the  year  1920  some  835  000  000  tons  of  bituminous  coal  will  be 
mmed  in  the  United  States.  This  amount  is  over  twice  the 
quantity  produced  in  1909.  With  this  great  increase  in  the 
demand  for  bituminous  coal  one  would,  at  first  glance,  consider 
coal  mining  a  very  profitable  business.  However,  to  earn  a  reason- 
able profit  becomes  a  more  difficult  problem  each  year.  These  state- 
ments are  borne  out  by  the  United  States  Census  Reports  and  the 
Geological  Survey  on  the  bituminous  coal  industry,  from  which  the 
data  given  in  this  paper  is  compiled.  From  Table  I  it  may  be 
seen  that  this  country  is  changing  very  rapidly  from  an  agri- 
cultural to  a  manufacturing  one,   as   indicated  by  the  remarkable 

TABLE  I— COMPARATIVE  ANALYSIS  OF  BITUMINOUS  COAL 
MINED  IN  PROPORTION  TO  THE  POPULATION 


Year 

Population 

Quantity  of  Coal  Mined 

'          Dn-^^«4- 

Tons  per  year 

Percent 

Increase 

in  10  years 

Per  Capita 

In  Numbers 

Incrriise 
in  10  years 

Ton8 

Percent 

Increase 

in  JO  years 

i860            31443000 
1870            38  558  000 
1880            50155000 
1890             62  947  000 

1900          75  994  000 
1910          91  972  000 

22 
29 

25 
20 
21 

6  404  000 

17  371  000 

42831  000 

III  302  000 

212  316  000 

417  III  000 

167 

147 

0.262 

0.45 

0.855 

1.77 

2.8 

4-54 

73 
89 

108 

64 
60 

increase  in  the  demand  for  coal  per  capita.  For  the  past  fifty 
years  the  population  has  increased  at  an  average  of  23.5  percent 
per  decade.  The  demand  for  coal  per  capita  has  increased  from 
0.26  tons  in  i860  to  4.54  tons  in  1910.  During  the  past  two  dec- 
ades, the  quantity  of  coal  mined  has  increased  at  an  average  rate 
of  62  percent  per  capita  per  decade. 

If  these  averages  hold  true  until  1920  the  coal  mined  per  cap- 
pita  will  be  7.36  tons.  If  the  population  increases  at  the  same  rate 
as  during  the  past  50  years,  there  will  be  113  475  000  inhabitants 
in  the  United  States  in  the  year  1920,  and  on  this  basis  the  coal 
mined  in  1920  will  amount  to  835  176000  tons.  This  is  an  in- 
crease of  TOO  percent  over  that  mined  in  1910.  By  comparing  this 
increase  with  similar  figures  for  coal  production  during  the  past 
fifty  years,  the  amount  predicted  for  1920  seems  entirely  possible. 
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In  1890  this  country  ranked  second  among  the  coal  producing 
countries  of  the  world.  At  that  time  Great  Uritain's  production 
exceeded  ours  by  about  30  percent.  However,  by  1900,  the  United 
States  had  overtaken  Great  Britain  and  has  since  maintained  the 
advantage  with  an  increasing  lead  each  year.  In  191 1  the  coal 
production  of  this  country  exceeded  that  of  Great  Britain  by  60 
percent.  The  quantity  of  bituminous  coal  mined  in  the  United 
States  each  year  from  1890  to  19.12  is  shown  graphically  in  Fig.  4. 

In  almost  any  other  indu9tr-y;such.an  increase  in  the  demand 
for  its  product  would  have  cau^^d  a  considerable  increase  in  the 
price  of  its  commodity.  However,'  this  did  not  take  place  in  the 
coal  industry.     In  fact,  at  times  the  selling  price  was  so  low  that 
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it  was  a  difficult  task  for  the  operators  to  earn  a  legitimate  profit. 
This  condition  of  affairs  is  caused  by  the  constant  increase  in  com- 
petition. As  the  demand  increases,  new  workings  are  continually 
opening  up,  thus  making  an  output  in  excess  of  the  demand — a 
condition  which  has  existed  for  the  past  25  years.  The  owners  of 
coal  lands  are  always  looking  for  an  op|x)rtunity  to  open  them  up. 
The  railroads  also  encourage  competition  by  continually  extending 
their  lines  into  new  fields,  thereby  securing  additional  tonnage  and 
at  the  same  time,  low  priced  fuel  for  their  own  consumption.  The 
effect  of  keen  competition  upon  the  selling  price  of  coal  is  shown 
in  Fig.  4,  in  which  is  indicated  the  average  selling  price  per  ton 
per  year  at  the  mine  for  a  period  of  30  years. 
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To  make  a  profit  with  the  low  selling  price  and  the  continual 
increase  in  the  cost  to  produce  coal,  is  indeed  a  problem.  One  so- 
lution is  to  increase  the  output.     Mr.   Edward  W.   Parker  states 


FIG.    2 — FAN    HOUSE    FOR    AN     ELECTRICALLY-DRIVEN    FAN 

"that  the  present  bituminous  mines  in  the  United  States  are  capable 
of  producing  600  000  000  to  700  000  000  tons  per  year."  He  claims 
that  this  is  possible  without  opening  up  another  new  working.     To 

TABLE  II— CENSUS  ANALYSIS  OF  THE  BITUMINOUS  COAL  IN- 
DUSTRY—ALL COAL  COMPANIES 


No. 


I 
2 

3 
4 

5 
6 

7 
8 

9 
10 
II 
12 
13 


Items 


Number  of  companies 

Number  of  mines 

Total  capital 

Primary  horse-power , 

No.  wage  earners 

Wages 

No.  salaried  employees 

Salaries 

Misc.  expenses* 

Cost  of  supplies 

Contract  work 

Quantity  coal  mined  (tons) 
Value  of  product 


1902 


1909 


4409 

5652 

$440  800  000 

521  165 

280  638 

$181482288 

19  871 

$14511924 

$16774459 

$24  798  922 
$  I  244  1 14 
260  216  844 
$290  858  483_ 


3503 

6013 

$1  062  197083 

I  227  401 

569  789 

$   294  196488 

22800 

$21800895 

$29  691  324 

$48  000  000 

$  2,207  672 

379  744  257 

$405  486  777 


Percent 
Increase 

in  7 
Years. 


-20.3 

6.4 

141 

135 

103 

62   ■• 

147 

50 

77 

94 

77 

45 

39 


*Includes  royalties,  rent  of  mines,  taxes,  office  rent  and  sundry  expenses. 

do  this,  of  course,  requires  ample  transportation  facilities  and  plen- 
tiful labor  supply. 

THE    PRESENT    STATUS    OF    THE    INDUSTRY 

The  condition  of  the  bituminous  industry  in  1909,  is  shown 
in  Table  II,  the  figures  giving  the  increase  in  seven  years  dating 
from  1902  to  1909.  The  percents  shown  in  the  last  column  would 
apply  to  the  conditions  of  today. 
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Table  II  shows  that  the  number  of  companies  decreased  20.3 
percent.  This  does  not  mean  that  competition  decreased.  The 
number  of  mines  increased  6.4  percent.  These  figures  indicate 
that  tlic  companies  became  larger  and  stronger.  This  is  borne  out 
by  the  next  item,  which  shows  that  the  total  caj)ital  increased  141 
percent.  Some  may  consider  that  a  large  portion  of  the  increased 
capitalization  was  water.  However,  the  next  item  shows  that  this 
is  not  the  case.  On  the  contrary,  the  primary  horse-power  in- 
creased 135  percent.  This  means  that  the  capacity  of  the  power 
l)lants  had  to  be  increased  this  amount,  which  was  caused  by  the 
installation  of  new  and  heavier  equipment  in  and  around  the  mine. 
The  new  machinery  must  have  required  the  expenditure  of  a  con- 

TABLE  III— CENSUS  ANALYSIS  SHOWING  AVERAGES 
UPON  PER  TON  BASIS 

Percent    | 
No.  Item  1902  1909         Increase  in 

7  years 

1  Number  of  tons  coal  mined 260216844  379744257  45 

2  Capital $i.6(;5  $2.80  65.3 

3  Contract  work $0.00478  $0.00583  21.9 

4  Number  of   wage  earners 0.00107  0.0015  40-3 

5  Number  of  salaried  employees.       0.0000764  0.0000602 — 21.2  Dec. 

6  Primary  horse-power 0.002  0.00324  62 

7  Wages $0,697  $  775  1 1- 

8  Salaries $0.0558  $0.0575  34 

9  Cost  of  supplies $0,095  $0,126  32.6 

10  Misc.  expenses* $0.0(^)43  $0.0785  22 

11  Value  of  product $1115  $i-07  —  3.9  Dec. 

♦Includes  royalties,  rent  of  mines,  ta.xes.  otiice  rent  and  sundry  expenses. 

siderable  portion  of  the  new  capital.  All  the  remaining  items  in 
this  table  show  a  material  increase. 

Table  III  is  an  analysis  of  the  preceding  one  and  shows  the 
same  items  worked  out  upon  a  tonnage  basis.  It  shows  most  con- 
clusively that  the  cost  per  ton  of  coal  mined  has  increased  and 
that  the  profits  have  decreased.  For  instance,  in  1902  the  average 
selling  price  per  ton  was  $1,115  '^"^  the  average  operating  cost  to 
mine  coal  was  $0,912.  leaving  a  profit  of  20.3  cents.  In  1909  the 
average  selling  price  was  $1.07  and  the  average  cost  $1,037,  leaving 
a  profit  of  only  3.3  cents  per  ton. 

These  operating  costs  do  not  include  all  the  fi.xed  charges. 
They  include  only  the  cost  of  wages,  salaries,  cost  of  supplies  and 
miscellaneous  expenses.  Contract  work  (Item  3)  is  given  to  show 
the  amount  of  new  development  work. 
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The  increase  in  capital  per  ton  of  coal  mined,  of  65.3  percent 
in  seven  years  is  interesting.  It  shows  that  the  mine  operators  are 
continually  spending  money  for  equipment  and  improvements  which 
they  anticipate  will  reduce  the  cost  of  mining.  In  1902  there  was 
$1,695  invested  for  every  ton  of  coal  mined  per  year.  In  1909  the 
capital  had  increased  to  $2.80  for  every  ton  of  coal  mined  per 
year.  If  the  economies  anticipated  by  the  operators  had  worked 
out,  the  other  item  of  expense  in  the  column  under  1909,  would 
have  been  reduced ;  instead,  each  item  of  expense  shows  an  increase. 

From  the  foregoing  it  is  seen  that  the  capital  account  has 
reached  such  proportions  that  the  future  profits  must  be  obtained 
through  greater  output  and  greater  economies  in  the  operation  of 
the  workings,  and  the  investment  must  be  kept  down  to  a  minimum. 


sfer^v 


FIG.    3 — SUBST1TUTI^:G    ELKCTKICITY    FOR     STEAM 

Note  idle  exhaust  pipe. 


COAL    MINING    IS    A    POWER    PROPOSITION 

The  coal  miming  industry  is  undergoing  a  very  rapid  evolu- 
tion. Only  a  few  years  ago  it  was  strictly  a  mining  proposition ; 
coal  was  mined  entirely  by  manual  labor  and  hauled  by  mules. 
Today  almost  50  percent  of  the  entire  production  is  mined  by  ma- 
chinery and  hauled  by  locomotives.  The  industry  is  now  becom- 
ing a  combination  of  both  a  mining  and  a  power  proposition. 

After  the  mine  operators  had  gone  to  the  expense  for  mining 
machinery,  etc.,  the  cost  to  produce  coal  should  have  been  reduced. 
However,  the  new  order  of  things  brought  about  conditions  of 
their  own,  which,  in  most  cases,  increased  the  cost  of  mining.  The 
profits  in  the  future  depend  in  a  great  measure  upon  the  solution 
of  these  new  problems.  They  offer  the  greatest  of  opportunities 
to  effect  economies  in  almost  every  working.  This  does  not 
indicate   that  the  man   in   charge   is   negligent.     A    mine    super- 
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intendent  is  essentially  a  miner.  He  has  been  selected  by  the 
management  because  of  his  practical  knowledge  on  the  subject  of 
mining  coal.  Power  is  entirely  out  of  his  line.  The  production 
of  power,  its  proper  distribution,  and  its  use  in  a  mine,  requires 
the  work  of  those  who  have  made  the  subject  a  special  study,  in 
other  words,  specialists. 

In  the  past  the  operators  have  made  it  a  general  practice  to 
install  isolated  power  plants  and  generate  their  own  power.  How- 
ever, a  large  number 
of  these  plants  have 
since  been  abandoned 
and  the  operators  are 
now  buying  electricity 
from  the  nearest  power 
company.  Many  of  the 
new  workings  opened 
up  during  the  past  few 
years  are  operating  en- 
tirely from  purchased 
power.  It  seems  some- 
what inconsistent  t  o 
think  that  a  central  sta- 
tion can  afford  to  buy 
coal,  pay  freight  and 
then  sell  the  power  back 
to  the  coal  mine.  Xev- 
ertheless  this  is  the 
case;  furthermore,  the 
operators  are  finding  ii 
cheaper  than  producing 
their  own  power. 

One  of   the   principal 

FIR.   4 — AMOUNT  OF   COAL    MINED    YXARLY  j  »  c  ^.^.,1 

advantages    of     central 
station    senice    is    that    it    allows    extensions    to    be    made    and 

to  be  added  without  making  ex- 
power  plant.  This  can  best  be 
experience  of  one  coal  company, 
be  similar  to  that  gone  through 
by  many  others.  This  company  opened  up  their  workings  eight 
years  ago  and  invested  $18000  in  a  power  plant.  They  antici- 
pated that  this  plant  would  meet  their  requirements   for  years  to 
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come.  They  increased  their  tonnage  to  such  an  amount  that  three 
years  ago  they  found  it  necessary  to  increase  the  capacity  of  the 
power  house.  This  required  an  additional  investment  of  $14000, 
or  a  total  of  S32  000.  Later,  they  extended  their  workings  to 
such  distances  that  it  became  a  problem  to  deliver  electricity  at 
proper  voltages.  At  times  the  quantity  of  coal  mined  was  con- 
siderably less  than  it  should  have  been,  due  to  this  one  difficulty. 
Early  this  spring  they  decided  to  make  further  additions  to  the 
power  plant  to  take  care  of  the  new  conditions  before  them.  The 
changes  contemplated  would  cost  $18000,  and  would  make  a  total 
of  $50  000  invested  in  a  power  plant. 

Alter  studying  the  matter   thoroughly  this   company   decided 
to  purchase  their  power  from  the  local  central   station.     The   in- 
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vestment  recpired  would  be  very  much  less  than  that  required  for 
power  plant  extensions ;  also  since  making  the  change  they  find  it 
considerably  cheaper  than  their  former  power  costs. 

POWER    REQUIREMENTS 

To  meet  the  conditions  arising  due  to  an  increase  in  the  power 
requirements,  is  oftimes  a  most  perplexing  problem.  The  solu- 
tion may  lie  in  any  one  of  the  following  three  plans. 

I — By  increasing  the  capacity  of  the  present  plant. 

2 — By  building  an  entirely  new  modern  power  plant. 

3 — By  purchasing  central   station  power. 

To  decide  on  which  plan,  requires  considerable  study.  The 
operator  should  first  determine  from  the  present  plant,  details  as 
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TABLE  IV— COMI'M;  \'ll\i:  CDST  OK  I'dWEK      ISUl.ATKD  I'LANT  vs.    I'l  Ki  II  ASKI) 
I'OWKK  IN   HITlMINnr.S  (jnAI.  MINKS 


Isolated  I'lant  1*< 

3wer 

7 

Hur< 
Kate« 

ha.sed  Power        | 

).  1 

2 

3 

4 

5       [ 

1', 

y 

10 

1.20  per  Mp  +      1 

o 

a 

u 

0.746 

c.  per  Hp-br. 

Saving  per 
Hp-hr. 

o 

§ 

•b 

"5) 

B 

■   J 

3                1 

(A                       1 

Is 

c 

i 

o 

o 

4> 

C 

t-.^ 
K-^. 

X 

2 

FJ 

o 

X 

u 

T   V 

*i  o 

w  b 

r-' 

r 

o. 

a 

b 
u 

5t-j    : 

^•c 

i* 

55   1 

h 

m 

^ 

aJ 

K~ 

- 

- 

O 

Group  A— steam  Engines  to  50  Hp 

1 

f0.75-c     1 

50       1           60        1      2-2      1          %500 

2.7 

1.41 

.±•29, 

47. s 

Group  B— Steam  Engines  from  51  lo  100  lip 

') 

$0.75-c      1 

75        1            70        1  25.7                IG '  000 

2.6 

1  Jt) 

1   10 

.53.  s 

Group  C— Steam  Engines  from  101  to  200  Hp 

i 

0.75-0 

IW)                  200        j 

50      , 

;<nm 

1.40 

1.M2 

u..,> 

27.1 

4 

0.75-c 

180                  100 

19 

300  000 

2.40 

1.34 

1  00             44.2 

5 

•.75-0 

200        1          -2X0 

24      1 

421  000 

2  20    1 

1.50 

0.70             31.4 

i 

Avera 

?e  Cost j 

2.00    1 

1.2,j 

0.72 

3(i 

i 

G 

roup  D— <^ias  Engines  from  101  t<i  200  Hp 

6  1 

»0  04-g      j 

13(1 

150 

VO 

22.S0tKI 

2.50 

1.48 

1.02 

407 

7 

0.01-g      ' 

131 » 

150 

'>2 

251  000 

2.40 

1.41 

0.99 

412 

8 

0.04g      j 

1,50 

90 

22 

2S9  000 

2.U0 

1.09 

0.91 

45  5 

Average  cost | 

2.30 

1  32 

0.98 

i:  '■. 

Or 

oup  E— Steam  Kngines  from  201  to  .500  Hp 

9 

10.75-C 

125              axi 

30 

S'.iS  000 

1.5U 

1.31 

0.1 '.1 

12.6 

10 

0.75-c 

250 

175 

15 

32S  OOO 

2.00 

1.34 

O.OO 

33.0 

11 

0.75-c 

260 

2S0 

19 

434  Oil!) 

3.00 

1.47 

1.53 

51.0 

12 

0  75-c 

300 

150 

17 

445  000 

2  30 

1.12 

1.18 

51.3 

13 

0.7.VC 

30() 

320 

31 

815  000 

1.90 

1.18 

0.72 

37.9 

14 

0.75-c 

300 

300 

50 

1  312  000 

1.40 

1.00 

0.40 

28.6 

15 

0.75-c 

:!00 

375 

50 

1318  000 

1.30 

1.06 

0.24 

18.4 

16 

0.70-C 

3U0 

300 

39 

1024  000 

1.30    i 

1.07 

0.23 

17.7 

17 

0.75-c 

300 

100 

13 

342  000 

2.0O 

1.26 

0.74 

87.0 

18 

0.76  c 

300 

325 

24 

632  000 

1.90 

1.32 

0..5S 

30.5 

19 

0.75k: 

325 

300 

45 

12X3  000 

1.40 

1.01 

0.39 

27.8 

20 

0.75-c 

340 

375 

41 

1  224  000 

1.20 

1.09 

O.Il 

9.1 

21 

0.75c 

350 

400 

31 

950  000 

1.60 

1.21 

0  29 

19.3 

22 

0.75k; 

360 

400 

31 

951000 

1.40 

1.21 

0.19 

13.5 

28 

1.50-C 

360 

3.50 

17 

522  000 

2.90 

1.49 

1.41 

48.7 

24 

0  75k: 

400 

1          450 

18 

632  000 

1. 00 

1.54 

•0..S4 

•MO 

26 

0.75-C 

400 

1          180 

16 

562  000 

2.20 

1.10 

1.10 

.50  11 

26 

0.76k: 

400 

425 

12 

422  000 

2.80 

1.86 

0.94 

33  5 

27 

0.75k; 

460 

400 

21 

830  000 

1.90 

1.28 

0.62 

3.'.0 

28 

0.75k: 

480 

875 

19 

800  000 

1.30 

1.27 

0.03 

23 

29 

0.75k; 

600 

'          350 

16 

700  000 

1.60 

1.30 

0.30 

18.7 

30 

0.75c 

600 

4.50 

89 

1710  000 

l.HO 

1.04 

0.26 

20.0 

81 

0.76k; 

500 

1          500 

18 

790  000 

;    i.fio 

1.45 

0.16 

9.3 

( 

Avers 
■  roup  F— Ga 

LgC  co«t 

l_  1.77 

1.26 

0.50 

288 

a  Engines  from 201  to  500  Hp 

S2 

1 

t0.04^ 

300        1          250              17      ;         447  000 

,     2.00 

is: 

0«S 

Ml  5 

on 

)up  G— Steam  Engines  from  501  to  1000  Up 

33 

10.75k; 

.575                  6.V1              81      1      1562  000 

1..50 

1.20 

0.30 

.•0 

SI 

O.&Vc 

ti»K) 

t".26 

12      '         6:U  000 

2.50 

1.H5 

O.iV.'k 

25 

I  36 

0.76-c 

700 

700 

26      '      1  595  000 

1.30 

1.2» 

0.06 

4.6 

1  3« 

0.76k; 

9.-K1 

900 

66           5  420  000 

0.9O 

0.9J.' 

Hi.Kti 

•3  5 

.\ven 

i;e  oosl  

T   "  '' 

1  3(1 

.,    .,» 

•  :        ■ 

•  irtiup  H— <ia>i  KnelnoMOTer  1000  Up 

37 
S8 

89 

•O.Oft-K 

1500 

1500 

24 

3  160  000 

1.10 

1  27 

•1  17 

•16 

o.avg 

i.yxt 

1.500 

2« 

3  11.0  0<NI 

1.40 

1.27 

.113 

9.2 

0.06« 

1700 

1.500 

1      24 

3<i8«t000 

1.40 

1.20 

O.JO 

14.3 

Aveniire  cost 

l.:w 

1.24 

nor. 

4  •; 

Groupl— Sleam  Kngines  over  1000  Up 

1  40 

fO.T.Vc 

180u                2W)0        1       18      ,     2,H40  00U 

1.20 

1.58 

•0.;i.. 

Avernirp  for  all  T 

nines 

2.13 

1.32 

0.81 

3«i 

•Note— These  quAntitiesi  are  negmtive  and  show  an  increaj«  of  cost  by  the  purchase  of  powe*^ 
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to  the  maximum  demand  for  power  per  ton  of  coal  mined,  the 
quantity  of  power  required  per  ton  of  coal  mined,  and  the  cost 
for  power  per  ton  of  coal.  There  are  always  certain  parts  of  the 
load  that  remain  fairly  constant  irrespective  of  the  quantity  of 
coal  mined,  such  as  that  required  for  the  fans,  pumping,  lighting, 
etc..  The  information  as  to  the  demand  and  the  quantity  of  power 
required  by  this  part  of  the  load  should  be  obtained  separately 
from  that  required  for  mining,  haulage,  etc.  With  this  informa- 
tion as  a  working  basis,  the  plan  to  adopt  can  be  decided  upon 
by  determining  which  plan  offers  the  most  economical  operation 
with  a  minimum  investment  and  at  the  same  time  allows  for  fu- 
ture growth. 

An  analysis  such  as  outlined  will,  in  almost  every  instance, 
result  in  favor  of  purchased  power.  This,  of  course,  is  assuming 
that  the  rates  are  such  as  usually  quoted  by  power  companies. 
The  information  in  Table  IV,  given  in  support  of  this  statement, 
was  obtained  from  actual  tests  in  mines  located  in  Pennsylvania, 
West  Virginia  and  Ohio.  In  each  case,  excepting  mines  24,  jd, 
37  and  40,  the  data  shows  that  purchased  power  was  cheaper. 
This  table  is  divided  into  groups  according  to  the  size  of  engines 
and  contains  data  on  both  steam  and  gas  engines.  The  groups 
are  arranged  as  follows  : — 

Group  A — Steam  Engines— 50  hp  and  under. 

"      B—      "  "  from  51  to     200  hp. 

"       C—      "  "  "  loi  to     200  hp. 

"      £>— Gas  "  "  loi  to     200  hp. 

"      £— Steam  "  "  201  to     500  hp. 

"      i^— Gas  "  "  201  to     500  hp. 

G— Steam  "  "  501  to  1 000  hp. 

"      H— Gas  "  "  1 001  hp  and  over. 

"       / — Steam  "  "  i  001  hp  and  over. 

Columns  8,  p  and  10  show  the  cost  per  horse-power-hour  and 
the  savings  effected  with  power  purchased  at  a  given  rate,  the  sav- 
ings being  shown  in  cents  and  also  upon  a  percentage  basis.  The 
rate  used  for  central  station  power  is  figured  at  $15.00  per  kilo- 
watt per  year  for  the  maximum  demand  and  one  cent  per  kilo- 
watt-hour for  the  current  consumed.  On  a  horse-power  basis  this 
rate  would  be  $11.20  per  horse-power  maximum  demand  plus 
0.746  cents  per  horse-power-hour.  All  the  details  in  the  table  are 
worked  out  upon  a  horse-power-hour  basis.  Column  2  shows  the 
price  the  operators  charged  themselves  for  fuel ;  75-c  indicates  the 
price  charged  for  coal  was  75  cents  per  ton ;  4-g  indicates  that 
the  company  used  natural  gas  at  four  cents  per  thousand  cu.  feet. 
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It  seems  to  be  common  practice  among  many  operators  to 
charge  themselves  at  the  rate  of  75  cents  per  ton  for  the  coal  used 
for  power  purposes.  As  a  matter  of  fact  it  costs  them  whatever 
price  it  would  bring  in  the  market.  Again,  many  operators  insist 
that  they  use  slack  and  ofTal  from  the  mine,  coal  that,  for  a  great- 
er part,  is  unsalable.  A  visit  to  the  boiler  rooms  will  show  that 
by  far  the  greater  number  of  them  are  using  run  of  mine. 

It  will  be  but  a  matter  of  a  few  years  when  the  majority  of 
coal  mines  will  be  operated  from  central  stations.  To  illustrate 
the  trend  of  the  times,  the  \'irginia  Power  Company,  a  $10000000 
company  in  the  New  River  district,  was  developed  because  of  the 
opportunities  existing  there  in  the  coal  field.  The  West  Penn 
Electric  Company  connected  the  first  coal  mine  on  their  lines  in 
1896,  a  load  of  120  horse-power.  Today  they  have  contracts  with 
mine  operators  aggregating  over  20000  horse-power.  They  an- 
ticipate that  this  will  exceed  over  30000  horse-power  before  the 
closing  of  the  year. 

Another  point  worth  mentioning  is  that  the  total  capital  of 
all  the  power  companies  exceeds  $2  500  000  000.  This  amount  is 
2.35  times  greater  than  the  total  capital  of  all  coal  companies. 
Again,  the  income  of  central  station  companies  from  the  sale  of 
electricity  for  power  purposes  has  increased  746  percent  during 
the  last  ten  years.  This  indicates  that  power  users  in  all  lines  of 
industry  are  gradually  adopting  purchased  power. 
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ONE  of  the  most  significant  developments  in  the  past  year  has 
been  the  greatly  increased  purchase  of  large  60  cycle  rotary 
converter  by  central  station  plants.  Here  is  an  example  of 
a  type  of  machine  which  has  been  more  or  less  discredited  in  the 
past,  but  which,  all  at  once,  is  coming  prominently  to  the  fore.  The 
present  machine  itself  is  not  radically  dififerent  from  its  older  forms, 
but  it  contains  many  minor  improvements  which,  individually,  do 
not  stand  out  prominently,  yet  collectively,  have  served  to  overcome 
those  little  difficulties  which  formerly  were  just  sufficient  to  put  the 
machine  in  the  questionable  class.  However,  a  number  of  general 
conditions  were  also  involved  in  this  improvement.  It  is  the  pur- 
pose of  this  paper  to  show  wherein  the  new  machine  is  superior  to 
the  older  type,  and  also  to  indicate  wherein  a  number  of  modifica- 
tions, each  in  themselves  of  a  small  amount,  have  combined  to  form 
a  relatively  large  improvement. 

Shortly  after  the  25  cycle  rotary  converter  began  to  be  prom- 
inent in  electrical  work,  that  is,  about  15  to  18  years  ago,  the  prob- 
lem of  60  cycle  converters  was  also  presented,  as  the  relatively  num- 
erous 60  cycle  plants  also  had  need  of  economical  means  for  trans- 
forming to  direct  current.  In  consequence,  there  being  a  field  for 
60  cycle  converters,  such  machines  were  built  and  installed  in  a 
number  of  places.  These  early  machines  were  in  some  cases  fairly 
successful,  while  in  others,  they  were  failures.  Apparently,  in 
some  of  these  cases  of  failure,  the  converter  itself  was  not  entirely 
to  blame,  as  it  was  operated  under  conditions  which  would  now  be 
considered  impracticable,  with  our  present  knowledge  and  experi- 
ence. 

These  early  60  cycle  converters  were  very  greatly  handicapped 
in  design  by  the  limitations  of  commercial  and  manufacturing  prac- 
tice of  those  days.  Relatively  low  speeds  were  considered  necessary 
from  the  commercial  standpoint,  and  with  60  cycles,  this  meant  a 
large  number  of  poles,  even  for  relatively  small  outputs.  Also, 
manufacturing  limitations  called  for  relatively  low  peripheral  speed 
of  the  commutators.    In  those  days,  commutator  speeds  of  much  in 
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excess  of  4000  feet  per  minute  were  considered  excessive  and  un- 
duly dangerous,  both  from  the  manufacturing  and  operating  stand- 
points. Herein  was  a  handicap  of  the  worst  sort  upon  the  design. 
The  peripheral  speed  of  the  commutator  is  equal  to  the  distance  be- 
tween adjacent  neutral  points  multiplied  by  the  number  of  alterna- 
tions per  minute  (  rexolutions  per  minute  X  no.  of  poles).  fJn  this 
basis,  3^)00  feet  per  minute  peripheral  speed  with  60  cycles  per  sec- 
ond (7200  alternations  per  minute),  gave  one-half  foot,  or  six 
inches,  between  adjacent  neutral  points.  Even  4  200  feet  peripheral 
speed  gave  only  seven  inches  between  neutral  points.  It  is  obvicjus 
therefore  that,  even  with  this  higher  peripheral  speed  of  the  commu- 
tator, there  was  undue  crowding  of  the  brushholders,  which  in  itself 
was  a  bad  feature.  Hut  the  worst  feature  was  in  the  fact  that,  with 
only  seven  inches  between  commutator  neutral  points,  the  maximum 
permissible  number  of  commutator  bars  was  unduly  limited.  As- 
suming, for  example,  a  thickness  of  bar  plus  mica  of  3/16  inch, 
which  is  very  thin,  the  seven  inches  between  neutral  points  would  al- 
low about  36  comnmtator  bars  between  neutral  points,  or  per  pole. 
This  number  was  ample  for  250  to  300  volt  machines,  but  for  600 
volts,  experience  indicated  that  it  was  on  the  ragged  edge,  especially 
with  the  field  flux  distributions  obtained  with  those  early  machines. 
In  consequence,  60  cycle  converters  for  250  to  300  volts,  rendered  a 
belter  account  of  themselves  than  the  6cx3  volt  machines,  and  the  lat- 
ter were  very  much  inclined  to  flash  at  times,  due  to  the  small  num- 
ber of  commutator  bars,  and  a  high  maximum  vultage  l)etween  bars. 

The  field  flux  distriI)Uti<)n  had  something  to  Ao  with  the  ques- 
tionable operating  conditions.  With  these  earlier  machines,  very 
high  peripheral  speeds  of  the  armature  core  were  considered  objec- 
tionable, for  several  reasons.  Hue  was,  that  the  constructions  of 
that  time  did  not  allow  very  high  peripheral  speeds  of  the  armature 
windings,  and  a  second  reason  was  that,  witli  the  relatively 
low  s()eeds,  and  consequent  large  number  of  i>oles,  the  armature 
•  limensions  and  cost  would  have  ben  excessive  for  a  given  out- 
put. In  general,  a  u  inch  pole  pitch  was  considered  as  large  as 
desirable  or  practicable,  which  corresponds  to  /200  feet  per  minute 
at  60  cycles  per  second. 

With  this  small  pole  pilch,  in  order  to  obtain  a  sutficiently  wide 
commutating  zone  between  the  p<iles,  it  was  necessary  to  make  the 
poles  relatively  narrow.  The  use  of  narrow  pole>  Icil  into  one  ilif- 
ficulty,  as  regards  flashing,  as  will  be  explained  later,  while  widening 
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the  pole  and  narrowing  the  interpolar  space  led  into  another  diffi- 
culty of  flashing  which  was  equally  serious.  The  situation  can'  be  il- 
lustrated by  Figs.  I  and  2.  In  Fig.  i  the  field  flux  distribution  is  in- 
dicated for  an  extreme  case  of  a  pole  face  as  wide  as  eight  inches 
and  with-  only  four  inches  interpolar  space,  the  total  pole  pitch  being 
12  inches,  and  the  poles  without  polar  horns.  The  "field  form," 
which  indicates  the  flux  distribution,  in  this  case  has  a  relatively 
wide  top,  and  the  proportions  are  such  that  the  maximum  e.m.f.  be- 
tween bars  is  about  40  percent  greater  than  the  average  e.m.f.  per 
bar.  With  36  commutator  bars,  for  instance,  at  600  volts,  the  aver- 
age volts  per  bar  would  be  16.7,  and  the  maximum  voltage  per  bar 
almost  24,  which,  in  itself,  may  be  a  safe  figure  if  never  exceeded. 
However,  the  flux  distribution  in  the  interpolar  space,  as  indicated 
by  Fig.  I,  is  such  that  there  is  almost  no  width  to  the  neutral  or 
commutating  zone,  and  therefore  the  brushes  are  short-circuiting 
the  armature  coils  in  an  active  field,  even  at  no  load,  and,  in  some 
cases,  this  short-circuiting  action  may  be  so  great  that  there  are  ex- 
cessive local  currents  in  the  brushes.  Furthermore,  with  the  neutral 
point  so  narrow,  a  very  slight  forward  shifting  of  the  brushes,  to 
take  care  of  load  conditions,  would  place  the  brush  in  such  a  strong 
field  at  no  load,  that  there  is  danger  of  flashing  when  the  load  goes 
off,  or  changes  suddenly.  Therefore,  with  such  proportions,  the 
neutral  point  would  be  too  narrow  for  reasonably  safe  operation. 
The  remedy  for  this  particular  condition,  with  these  former  ma- 
chines, was  obviously  in  the  use  of  wider  interpole  spaces,  and  con- 
sequently narrower  poles,  the  pole  pitch  being  limited  to  about  12 
inches  as  previously  stated. 

In  Fig.  2  is  illustrated  the  conditions  with  the  wider  interpolar 
space,  and  narrower  pole  face,  these  being  taken  as  5.5  and  6.5  inches 
respectively,  instead  of  four  and  eight  inches.  Obviously  the  flux 
conditions  in  the  interpolar  space  are  much  better  than  in  Fig.  i, 
and  it  should  be  possible  to  shift  the  brushes  slightly  for  full-load 
conditions  without  excessively  bad  conditions  as  regards  sparking 
and  flashing  at  no  load.  But  the  same  figure  also  shows  that  the 
field  flux  distribution  as  a  whole  is  considerably  narrower  at  the 
peak  value  than  in  Fig.  i,  and  therefore  the  ratio  of  the  maximum 
value  of  the  e.m.f.  per  commutator  bar  to  the  average  e.m.f.  is  much 
greater.  In  this  case,  the  maximum  per  bar  is  about  65  percent 
greater  than  the  average,  and,  with  16.7  average  per  bar,  the  maxi- 
mum becornes  almost  2$  volts,  which  is  in  the  danger  zone  as  re- 
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gards  arcing  between  bars,  except  in  relatively  small  machines. 
Therefore,  in  overcoming  the  sparking  and  flashing  difficulties  inci- 
dent to  the  narrow  neutral  zone  of  Fig.  1,  an  erjuivalent  difficulty  is 
encountered,  due  to  the  narrow  field  distribution,  or  field  form. 
I'lainly,  in  these  older  machines,  which  ever  way  we  turned,  we 
were  in  ditificulty. 

An  obvious  remedy  for  the  above  difficulties  was  in  the  use  of 
wider  pole  pitches,  which  would  allow  both  the  commutating  or  neu- 
tral zone  of  Fig.  2,  and  the  wider  field  form  of  Fig.  i.  But  increas- 
ing the  pole  pitch,  with  a  given  number  of  poles  and  given  speed, 
means  increasing  the  diameter  of  the  armature,  and  even  though  the 
armature  could  thereby  be  narrowed,  the  cost  of  the  machine  of 
larger  diameter  would  necessarily  be  somewhat  increased.    The  rem- 


FIG.  I — FIELD  FLU.X  DISTRIBUTION  FOR 
AN  EIGHT  INXH  POLE  FACE  AND  FOUR 
INCH  INTER-POLAR   SPACE 


FIG.  2 — FIELD  FLUX  DISTRIBUTION  FOR 
A  6.5  INCH  POLE  FACE  AND  5-5  INCH 
INTER-POLAR  SPACE 


edy  for  this  condition  was  a  reduction  in  the  number  of  poles  as 
the  pitch  was  increased,  thus  keeping  down  the  size  of  the  armature 
for  a  given  output.  Rut  reduction  in  the  number  of  poles  neces- 
sarily means  higher  sj)eeds,  which  were  formerly  considered  com- 
mercially objectionable,  as  no  one  had  yet  liecn  educated  up  to  high 
speeds.  Therefore,  between  commercial  limitations,  difficulties  in 
design  and  manufacturing  conditions,  the  60  cycle  converter  was  in  a 
bad  way.  Mild  attempts  were  made  from  time  to  time  to  increase 
the  speed  by  decreasing  the  number  of  poles,  but  this  could  only  be 
done  commercially  in  relatively  small  steps.  In  such  increases  in 
speed,  and  decrease  in  the  number  of  poles,  other  dilTiculties  began 
to  be  encountered,  such  as  somewhat  poorer  inherent  commutating 
characteristics,  due  to  the  higher  speed  and  greater  current  per  Brush 
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arm  to  be  commutated.  The  higher  the  speed  was  made,  and  there- 
fore the  more  commercial  the  machine  became  as  regards  size  and 
cost,  the  greater  were  the  inherent  difficuUies  in  the  design.  How- 
ever, with  increased  experience  in  commutator  constructions,  one 
great  advance  was  made  by  increasing  the  commutator  speeds  of  the 
60  cycle  converters.  Instead  of  approximately  seven  inches  between 
neutral  points,  the  distance  was  increased  to  eight  or  nine  inches  for 
600  volts,  giving  peripheral  speeds  of  5  100  to  5  400  feet  per  minute 
at  the  commutator  face.  This  allowed  as  many  as  45  to  48  commu- 
tator bars  per  pole,  which  is  well  within  the  range  of  good  direct- 
current  600  volt  practice.  This  increase  in  the  number  of  bars  re- 
duced the  average  and  the  maximum  volts  per  bar.  In  this  manner, 
one  of  the  principal  weaknesses  oi  the  former  designs  was  elimina- 
ted. Also,  by  improved  mechanical  design,  which  allowed  higher 
peripheral  speed  of  the  armature  windings,  the  pole  pitch  could  be 
increased  to  about  16,  instead  of  12  inches,  without  an  unduly  large 
diameter  of  armature  for  a  given  output.  This  also  allowed  a  much 
better  field  flux  distribution,  or  field  form,  such  as  in  Fig.  i,  and  the 
better  interpolar  space  of  Fig.  2.  In  consequence,  the  maximum 
voltage  per  bar  on  the  60  cycle  converters  has  been  brought  down  well 
within  accepted  practice  for  600  volt  work.  For  lower  voltage  work, 
these  limitations  have  never  been  so  prominent,  but  the  same  steps 
in  the  development  have  proven  advantageous  in  lower  voltage  ma- 
chines also. 

With  increased  speed  and  decreased  number  of  poles,  the  cur- 
rent per  brush,  arm  on  the  larger  60  cycle  converters  has  gradually  in- 
creased until  it  is  practically  double  what  it  was  on  former  machines 
of  the  same  capacity.  This  higher  current  per  arm,  with  the  in- 
creased number  of  commutator  bars  per  pole,  and  the  higher  speeds, 
all  tend  toward  making  the  commutation  problem  more  difficult. 
But  at  this  stage  in  the  development,  the  commutating  pole  began 
to  loom  up  as  a  possibility  in  rotary  converters,  and  this  has  fur- 
nished the  latest  important  step  in  the  improvement  of  these  ma- 
chines. By  the  addition  of  commutating  poles,  still  higher  speeds 
are  permissible  than  formerly.  While  relatively  high  speed  con- 
verters of  large  capacity  can  be  made  without  commutating  poles, 
yet  the  addition  of  such  poles  has  rendered  the  design  less  difficult 
and  has  allowed  still  further  increases  in  speed,  which  are  very  wel- 
come in  the  way  of  improving  the  standing  of  the  60  cycle  converter. 
With  these  higher  speeds  and  greater  outputs,  with  a  given  diame- 
ter of  machine,  the  losses  have  not  increased  anything  like  in  pro- 
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|itirti();i,  so  thai  the  efficiencies  of  the  U)  cycle  converters  have  grad- 
ually 1  ecu  iiureasin}^^  uiiiil  ii^w  ihcy  arc  trcathng  on  the  heels  of  the 
J^  cycle  niacliiiir.  In  fad,  when  llif  j^Tcatcr  (.•lliciency  of  tiie  Co 
cycle  step-down  transformers  is  taken  into  acc-ount,  the  difference 
between  the  etticiencies  of  60  cycle  and  25  cycle  converting  nnits  in 
large  ca])acities,  is  not  enough  to  attract  any  particular  attention. 
Thus  the  use  of  the  coniniutating  poles  has  been  of  advantage  jjrin- 
cipally  in  allowing  higher  speeds,  with  conse(|uent  better  character- 
istics in  general. 

The  modifications  above  described  cover  electrical  defects  prin- 
cij^ally.  However,  there  were  a  number  of  other  minor  conditions 
in  these  earlier  machines  which  might  be  considered  as  mechanical 
defects,  or  mechanical  and  electrical  combined.  These  were  found 
principally  in  the  brushholder  and  commutator  constructions,  and 
in  the  materials  in  the  commutator.  On  the  higher  voltage  ma- 
chines, in  which  a  large  number  of  commutator  bars  per  pole  was 
necessary,  the  thickness  of  each  bar  was,  and  still  is,  very  small,  and 
thus  the  proportion  of  thickness  of  mica  between  bars  to  the  thick- 
ness of  the  bars  themselves  is  a  very  considerable  percent.  On  this 
account,  it  has  been  difficult  to  obtain,  in  many  cases,  a  wear  or 
abrasion  of  the  mica  equal  to  the  so-called  copper  "wear,"  which,  in 
reality,  is  more  in  the  nature  of  slow  burning  than  actual  wear  from 
friction.  No  matter  how  perfect  the  commutation  may  be  in  ap- 
pearance, there  is  always  a  slight  tendency  to  burn  the  face  of  the 
commutator  by  the  current  passing  between  the  commutator  and 
the  brushes.  This  burning  normally  may  be  at  an  extremely  slow 
rate,  but  if  the  mica  does  not  wear  down  at  the  same  rate,  the  re- 
sult will  be  that,  after  a  time,  the  mica  lifts  the  brush  surface  away 
from  contact  with  the  copper,  and  thus  an  almost  infinitesimal  gap 
exists  between  the  brush  and  the  copper  of  the  commutator.  This 
gap  then  exaggerates  the  burning  tendency,  and  the  difficulty  accen- 
tuates itself.  The  hardness  and  wearing  quality  of  the  mica  must 
be  such  that  it  will  always  wear  down  as  fast  as  the  copper  burns 
away,  so  that  normal  contact  is  maintained  between  the  copper  and 
the  brush.  Where  the  percentage  of  mica  is  high,  and  where  the 
mica  varies  in  hardness,  as  is  liable  to  be  the  case  in  practice,  it  is 
difficult  to  avoid  more  <^r  less  tendency  to  high  mica  ami  consequent 
trouble.  This  trouble  is  also  accentuated  by  high  comnmtator  peri- 
pheral speeds,  as  it  is  more  difficult  to  maintain  uniform  contact 
between  the  brush  face  and  the  commutator.  In  consequence,  in 
60  cycle  rotary  converters  in  general,  and  in  high  voltages  in  par- 
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ticLilar,  experience  has  shown  that  it  is  advisable  to  undercut  the 
mica  slightly,  in  order  to  avoid  any  tendency  toward  high  mica,  and 
also  in  order  to  be  able  to  use  brushes  which  contain  some  lubri- 
cant, such  as  graphite.  It  is  obvious  that  where  any  considerable 
grinding  action  by  the  brushes  is  necessary  to  keep  down  the  mica, 
such  lubrication  is  not  practicable  to  the  same  extent  as  where  no 
grinding  action  is  necessary.  In  consequence,  on  later  types  of  60 
cycle  converters,  the  commutator  mica  is  usually  undercut,  thus 
allowing  good  contact  to  be  maintained,  and  thus  reducing  any  re- 
sultant burning  action  to  the  minimum.  The  true  causes  of  the 
difficulty  with  high  mica  were  not  thoroughly  appreciated  in  the 
older  60  cycle  converters,  and,  in  consequence,  in  many  cases 
brushes  of  a  hard,  grinding  character  were  used,  with  resulting  in- 
creased losses  and  other  disadvantages.  Also,  on  some  of  the  older 
machines,  even  with  the  much  lower  peripheral  speeds  than  at  pres- 
ent, the  design  and  construction  of  commutators  were  not  as  nearly 
perfected  as  at  present,  and  there  was  always  more  or  less  danger 
from  unevenness,  and  other  defects,  which,  while  not  showing  in 
themselves  any  particularly  harmful  results,  would  very  often  show 
indirect  harm  by  causing  high  mica,  sparking,  brush  troubles,  etc. 
Furthermore,  in  many  of  the  earlier  machines,  the  brushholders 
were  not  as  rigid  or  as  well  suited  for  operation  on  high  speed  com- 
mutators as  in  present  practice.  In  some  cases  the  operating  char- 
acteristics of  the  converter  were  greatly  modified  by  simply  chang- 
ing the  angle  of  inclination,  or  the  brush  pressure,  etc.  Brush  chat- 
tering was  not  uncommon,  and  if  there  is  anything  which  will  surely 
cause  bad  commutators  and  commutation,  it  is  severe  chattering  at 
the  brushes,  as  this  prevents  good  contact  between  the  face  of  the 
carbon  and  the  commutator  face. 

On  many  of  the  earlier  machines  the  brushholders  were  not 
arranged  with  due  regard  to  harmful  results  from  incipient  arcs 
between  bars,  or  in  the  neighborhood  of  the  brushholders  and 
brushes.  On  sudden  changes  in  load,  or  partial  short-circuits,  or 
even  in  normal  operation  in  those  cases  where  the  maximum  volt- 
age between  bars  is  unduly  high,  the  not  uncommon  "ring-fire" 
around  the  commutator,  due  to  burning  of  the  carbon  or  graphite 
deposited  on  the  mica  or  between  bars,  may  develop  into  small  arcs, 
with  consequent  vaporization  of  copper,  the  resultant  vapor  being  a 
good  conductor.  If  the  brushholder  or  other  parts  are  in  close 
proximity  to  the  point  where  such  small  arcs  may  form,  the  con- 
ducting vapor  may  bridge  across  from  the  commutator  face  to  the 
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adjacent  parts,  where  there  is  any  considerable  difference  of  po- 
tential between  them,  and  may  develop  real  arcs  or  flashes  which 
are  of  a  destructive  nature,  possibly  necessitating  the  shutting  down 
of  the  machine  until  the  commutator  can  be  smoothed  up.  In  many 
of  the  older  machines,  with  their  very  small  distances  between  the 
hrushholders,  generally  crowded  conditions,  and  high  voltages  per 
bar,  such  arcs  were  much  more  liable  to  occur  than  in  the  modern 
machines. 

In  the  development  of  the  60  cycle  rotary  converter,  there  were 
.)ther  conditions  beside  commutation,  flashing,  etc.,  which  had  to  be 
taken  into  account.  The  rotary  converter  is  a  synchronous  ma- 
chine, and  must  follow  rigidly  in  step  with  its  source  of  e.m.f. 
supply,  or  there  will  be  difhculties  in  the  operation.  The  early  con- 
verters, in  many  cases,  were  operated  from  generators  driven  by 
slow-speed  recii)rocating  engines,  which  did  not  run  at  uniform 
rotative  speed,  there  being  pronounced  periodic  speed  fluctuations 
during  each  revolution.  In  some  cases  this  condition  was  so  bad 
that  the  generators  in  the  power  house  would  not  operate  properly 
in  parallel.  As  the  engines  and  generators  varied  in  speed  period- 
ically, obviously  the  frequency  of  the  electric  circuit  varied  to  the 
same  extent,  and  any  synchronous  apparatus  operated  on  such  a  sys- 
tem would  also  have  to  vary  in  speed  to  the  same  extent,  if  the 
conditions  were  such  that  the  machine  should  follow  the  supply 
system,  as  is  the  case  in  rotary  converters.  If  the  converter  did  not 
follow  rigidly,  it  would  ])eriodically  either  "under-run"  or  "over- 
run." This  action  is  called  hunting,  and  it  was  very  serious  at  some 
of  the  early  plants.  Not  ijifrecjuenlly  the  generators  at  the  power 
house  would  not  hold  a  rigid  relation  to  each  other,  and  hunted 
badly. 

There  are  causes  of  hunting,  other  than  variations  in  speed  of 
the  prime  mover  or  generating  unit,  but  usually  these  have  been  of 
secondary  importance,  and  will  not  be  considered  further.  The 
action  of  hunting,  with  variations  in  speed  of  the  generator,  may  be 
explained  briefly  as  follows:  The  converter  generates  an  alternat- 
ing e.m.f.  wave  simila'-  to  that  of  the  generating  or  supply  system, 
but  in  opposition,  or  as  a  counter  e.m.f.  If  the  generator  mo- 
mentarily runs  faster,  then  its  e.m.f.  will  be  ahead  of  that  of  the 
converter.  A  motor  current  flows,  tending  to  raise  the  speed  of  the 
converter  to  that  of  the  generator.  If  the  generator  now  drops 
back  in  speed,  its  e.m.f.  wave  drops  back,  and  the  converter  tends  to 
deliver  current  to  the  generating  system,  thus  tending  to  slow  the 
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converter  speed  down  to  that  of  the  generator.  The  action  in  the 
converter  is  therefore  one  which  tends  to  speed  it  up  or  slow  it  down 
to  follow  the  generator.  This  action  of  the  converter,  acting  alter- 
nately as  a  motor  or  as  a  generator,  is  what  constitutes  hunting. 
Usually  this  action  of  following  the  generator  speed  is  not  a  serious 
one,  as  a  relatively  small  current  may  produce  the  necessary  accel- 
erating or  retarding  action.  The  difficulty  is  that  the  converter 
may  over-run ;  that  is,  it  may  speed  up  too  much  or  drop  back  too 
much,  and  thus  have  an  increased  motor  or  generator  action.  In 
other  words,  this  accelerating  or  retarding  action  may  exaggerate 
the  swinging  effect,  just  as  in  the  case  of  a  swinging  pendulum, 
where  a  very  slight  force,  if  timed  just  right,  may  gradually  in- 
crease the  swing  of  the  pendulum.  In  those  cases  in  the  early  con- 
verters where  hunting  was  most  severe,  the  periodic  speed  changes 
in  the  generating  system  were  usually  timed  just  right  to  cause  the 
converters  to  over-run,  and  thus  exaggerate  the  hunting  action. 

The  direct  result  of  this  hunting  was  visible  in  bad  operation 
at  the  commutator.  In  the  normal  rotary  converter,  when  running 
properly  in  synchronism,  there  is  practically  no  armature  reaction 
in  the  armature  winding,  such  as  is  found  in  direct-current  ma- 
chines, for  the  alternating  current  supplied  to  the  armature  winding 
is  in  opposition  to,  and  practically  neutralizes,  the  magnetizing  effect 
due  to  the  direct  current  delivered.  Therefore,  as  far  as  reactions 
on  the  field  are  concerned,  the  converter  is  quite  different  from  a 
direct- current  machine,  and  at  full  load  the  armature  has  very  little 
more  effect  on  the  field  than  at  no  load.  However,  when  the  con- 
verter is  hunting,  the  current  due  to  the  hunting  action  above  de- 
scribed is  not  balanced  by  the  direct  current  delivered,  so  that  this 
current  acts  like  that  in  a  straight  alternating  or  direct-current  ma- 
chine, and  sets  up  magnetic  fluxes  in  the  interpolar  space,  and  under 
the  edges  of  the  poles,  which  are  harmful  in  character.  These 
fluxes  create  bad  commutating  conditions  by  reason  of  the  armature 
coils  under  the  brushes  being  short-circuited  in  a  periodically  vary- 
ing magnetic  field,  which  is  not  the  case  when  the  converter  is  not 
hunting.  Therefore,  as  a  converter  hunts,  there  is  usually  periodic 
sparking  at  the  brushes,  which  is  in  time  with  the  periodic  "beat" 
which  usually  can  be  heard  in  a  machine  when  it  hunts.  This 
sparking  will  get  more  and  more  severe  as  the  converter  hunts 
more,  until  it  may  become  so  bad  that  the  machine  flashes  over. 
This  hunting  in  some  of  the  earlier  machines  was  a  very  puzzling 
phenomenon,  and  it  was  not  until  its  nature  and  cause  were  deter- 
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mined  that  an  effective  remedy  was  applied.  The  corrective  now 
universally  applied  consists  in  the  use  of  copper  danpers,  or  "cage 
windings,"  in  the  field  pole  faces  of  the  converters.  It  is  not  within 
the  province  of  this  paper  to  explain  the  action  of  these  dampers, 
but  it  may  simply  be  said  that  they  exert,  to  a  certain  extent,  a  brak- 
iTig  actiijn  on  the  over-running  action  of  the  converter,  and  also  they 
damp  out  the  field  distortions  due  to  liunling,  such  distortions  ma- 
terially exaggerating  the  hunting  action.  The  dampers  thus  reduce 
one  source  of  accentuatitjn  of  the  hunting,  and  exert  a  braking  ac- 
tiou  to  overcome  the  effects  of  the  others.  Such  dampers  were 
used  early  on  60  cycle  converters,  but  in  comparatively  crude  forms. 
Moreover,  the  angular  variations  in  speetl  with  60  cycle  generating 
units,  were  usually  greater  in  degree  per  electrical  cycle,  than  in  25 
cycle  machines,  due  to  the  much  larger  number  of  poles,  and  this 
made  the  hunting  tendencies  of  the  converters  much  greater,  and 
the  damping  problem  correspondingly  more  difficult  than  in  25  cycle 
machines.  In  consequence,  60  cycle  converters  should  have  had 
more  damping  action  than  2=,  cycle  machines,  while,  on  the  con- 
trary, they  actually  had  much  less.  The  60  cycle  converter  was, 
therefore,  considered  a  much  more  delicate  machine  as  regards 
hunting,  than  its  25  cycle  brother,  and  yet  the  fault  was  really  in 
the  generating  plant  in  many  cases. 

The  advent  of  the  60  cycle  turbo-generating  plants  have  been 
a  large  item  in  the  successful  development  of  the  later  type  of  60 
cycle  converters.  The  problem  of  angular  variation  in  speed  of  the 
l)rime  mover  has  disappeared,  and  therefore  the  dampers  on  mod- 
ern 60  cycle  converters  have  to  take  care  of  only  those  secondary 
causes  of  hunting,  which  were  i)rcsent  in  the  old  conditions,  but 
were  masked  by  the  much  greater  cause  in  the  generating  conditions. 
Als(^,  with  the  newer  high-speed  converters,  with  their  relatively 
wider  poles,  it  is  practicable  to  add  many  more  damper  bars  per 
pole  than  in  the  older  machines,  and,  in  fact,  with  the  later  machines 
the  problem  of  hunting  is  rarely  encountered.  However,  a  new- 
problem  in  connection  with  hunting  has  come  up  in  connection  with 
the  advent  of  the  commutating  pole,  both  in  25  and  60  cycles.  In 
the  commutating  pole  generator,  the  ampere-turns  in  each  commu- 
tating  pole  coil  are  Nutticicnt  to  not  only  neutralize  the  entire  mag- 
netizing force  of  the  armature  winding  per  pole,  but  to  also  furnish 
an  excess  flux  for  commutating.  In  the  commutating  p<^le  converter 
there  is  normally  but  little  resultant  magnetizing  effect  in  the  arma- 
ture winding,  due  to  the  alternating  and  direct  currents  being  nor- 
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mally  in  opposition,  and  therefore  the  commutating  pole  winding 
must  only  be  strong  enough  to  neutralize  the  very  small  resultant 
armature  reaction,  and  give,  in  addition,  a  magnetic  flux  sufficient 
for  commutation.  In  consequence,  the  ampere-turns  of  the  com- 
mutating pole  winding  may  be  only  30  to  40  percent  of  the  total 
armature  ampere-turns,  considered  as  in  an  alternating  or  direct- 
current  machine,  whereas  in  an  alternating  or  direct-current  genera- 
tor the  commutating  pole  winding  is  usually  at  least  125  percent  of 
the  armature  ampere-turns.  Therefore,  the  rotary  converter  with  its 
30  to  40  percent  commutating  pole  ampere-turns,  instead  of  125 
percent,  cannot  act  as  a  generator  or  motor  with  good  commutation, 
as  its  commutating  pole  strength  is  then  much  less  than  required. 
As  a  generator  or  motor,  the  armature  reaction  may  not  only  over- 
power the  commutating  pole  winding,  but  may  set  up  a  strong  mag- 
netic flux  in  the  wrong  direction.  The  commutating  conditions  may 
this  become  much  worse  than  if  the  commutating  pole  were  present. 
Therefore,  the  commutating  pole  converter,  when  acting  as  a  gen- 
erator or  motor,  is  a  much  worse  machine  than  if  the  commutating 
pole  itself  were  omitted.  Herein  lies  a  source  of  possible  trouble 
with  commutating  pole  converters.  In  case  there  is  hunting,  the 
armature  will  act  alternately  as  a  generator  and  motor,  and,  under 
such  conditions,  the  magnetizing  force  of  the  armature  may  be  such 
that  it  will  demagnetize  the  commutating  pole,  or  even  reverse  the 
flux  under  it,  so  that  the  machine  acts  in  the  same  way  as  if  It  were 
operating  with  the  current  reversed  in  the  commutating  pole  wind- 
ing, which  would  obviously  give  very  bad  commutating  conditions 
Therefore,  when  the  commutating  pole  converter  hunts,  it  repre- 
sents a  worse  condition  than  when  a  non-commutating  pole  machine 
hunts  to  an  equal  extent.  In  consequence,  with  commutating  pole 
machines,  it  is  very  important  to  suppress  any  hunting  tendency, 
and  this,  in  general,  requires  somewhat  better  damping  conditions 
than  in  the  non-commutating  pole  machine.  Therefore,  although 
improved  conditions  of  generation,  etc.,  have  eased  up  on  the  damp- 
er requirements,  yet  the  necessities  of  the  commutating  poles  have 
made  the  damper  requirements  more  rigid.  In  some  cases,  this  has 
led  to  a  very  curious  situation.  It  is  well  known  that  the  commutat- 
ing pole,  whether  on  a  direct-current  machine  or  on  a  converter, 
should  not  have  any  closed  conducting  circuit  around  it,  as  such  a 
closed  circuit  acts  as  a  secondary  or  opposing  circuit  in  case  of 
sudden  change  of  load,  preventing  the  commutating  pole  flux  from 
rising  or  falling  in  step  with  changes  in  load.    Therefore,  from  the 
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standpoint  of  coninnilaling-  pole  construction,  there  should  be  no 
closed  circuit  surrounding  the  comniutating  pole  itself.  However, 
from  the  standpoint  of  the  best  arrangement  of  the  damper  to  pre- 
vent hunting,  a  complete  cage  winding,  tying  all  the  poles  together, 
as  shown  in  Fig.  3,  is,  in  general,  the  most  economical  and  effective. 
lUit  such  a  closed  winding  forms  a  rather  effective  closed  secondary 
circuit  around  the  commutating  pole.  One  would  therefore  assume 
that  it  is  inadvisable  to  close  this  damper  circuit  around  the  com- 
mutating pole,  and  that  a  break  at  a  or  b,  for  instance,  would  be 
an  improvement.  However,  in  some  instances,  experience  has 
shown  that  the  improvement  in  the  damping  action  as  a  whole,  in 
preventing  hunting,  by  tying  the  windings  together  at  a  and  b,  more 
than  over-balances  the  harmful  effects  of  the  closed  secondary  cir- 
cuit around  the  commutating  pole,  caused  by  the  closed   damper 
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FIG.   3 — CAGE  WINDING  FOR  COMMUTATING  POLE   MACHINE 

winding.  This  is  not  necessary  always  the  case,  the  results  depend- 
ing upon  individual  and  local  conditions,  to  some  extent.  The  same 
damping  effect  as  tying  together  at  a  and  b  might  be  obtained  theo- 
retically by  special  proportioning  of  the  damper  on  each  pole,  but  in 
some  cases,  especially  on  60  cycle  machines,  space  requirements  do 
not  permit  such  proportioning  of  the  damper,  so  that  it  may  prove 
better  to  tie  the  dampers  together  at  a  and  b. 

A  new  condition  also  developed  in  connection  with  self-starting 
commutating  pole  converters.  In  the  older  60  cycle  converters, 
starting  motors  were  rather  commonly  used,  due,  not  to  the  inability 
of  the  converter  to  start  itself,  but  to  the  effect  of  the  large  starting 
current  upon  the  relatively  small  generating  plants  of  those  days. 
Later  practice  tends  strongly  toward  self -starting,  except  in  special 
cases.  There  are  some  ver}-  considerable  advantages  in  this  self- 
starting,  and  at  the  same  time,  there  are  some  disadvantages,  espe- 
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cially  m  the  60  cycle  converters.  The  greatest  advantage  lies  in  the 
rapidity  with  which  the  converter  can  be  started  from  rest  and 
brought  up  to  synchronism,  together  with  the  fact  that  no  syn- 
chronizing devices  are  required.  W'itli  tlie  old  'Starting  motor,  the 
machine  had  to  be  brought  to  synchronous  speed  and  then  con- 
nected in  step.  This  was  more  difficult  with  60  than  with  25  cycles, 
and  self-starting  eliminates  this  trouble.  On  the  other  hand,  while 
starting  and  accelerating,  the  converter  is  purely  an  induction  motor 
of  a  rather  crude  sort,  and  will  take  a  relatively  large  starting 
current — in  some  cases  approximately  full-load  current  from  the 
line — and  this  current  is  at  a  very  low  power-factor ;  that  is,  at  least 
90  to  95  percent  is  purely  wattless.  When  starting  a  large  capacity 
converter,  this  will  represent  a  relatively  large  inductive  load 
thrown  suddenly  on  the  power  plant. 

However,  the  new  condition  which  developed  with  the  advent 
of  commutating  poles,  lies  in  sparking,  and  not  in  the  starting  cur- 
rent. As  the  converter  at  start  acts  like  an  induction  motor,  it  has 
a  rotating  magnetic  field  flux  set  up,  which  travels  around  the  arma- 
ture. The  armature  coils  short-circuited  by  the  brushes  form  sec- 
ondaries to,  or  are  cut  by,  this  field,  and  therefore  have  relatively 
large  e.m.f.'s  set  up  in  them,  which  develop  large  local  currents. 
The  e.m.f.'s  set  up  in  the  short-circuited  coils  are  usually  somewhat 
greater  in  the  60  cycle  than  in  25  cycle  converters,  due  primarily 
to  the  fact  that  there  are  usually  fewer  conductors  in  series  for  the 
normal  voltage  of  the  machine,  and  therefore  the  normal  voltage 
per  conductor  is  relatively  higher  than  in  the  25  cycle  converter. 
In  consequence,  at  start,  assuming  that  similar  voltages  are  applied 
for  starting  both  60  and  25  cycle  machines,  the  relative  voltage  per 
conductor  generated  by  the  rotating  field  set  up  by  the  armature 
winding  will  also  be  higher  in  the  60  cycle  converter.  Also,  the 
number  of  commutator  bars  covered  by  the  brush  will  usually  be 
greater  on  the  60  cycle  converter.  In  consequence  of  these  two 
conditions,  the  short-circuiting  action  of  the  brushes  and  the  spark- 
ing will  be  worse  on  the  60  cycle  converters,  but  it  is  liable  to  be  ex- 
cessive on  all  large  machines. 

With  the  advent  of  the  commutating  pole  rotary  converter,  a 
still  more  difficult  condition  has  been  encountered  in  self -starting, 

namely,  that  the  flux  conditions  in  the  zone  of  commutation  of  the 
short-circuited  coils  are  materially  higher  than  in  the  non-commu- 
tating  pole  machine.  In  the  latter  type,  while  the  short-circuited 
coils  cut  an  alternating  flux  and  therefore  have  local  currents  set  up 
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in  them,  these  coils,  in  conimutating  or  reversing  these  currents,  lie 
midway  between  the  poles,  and  therefore  in  the  region  where  the 
conditions  of  reversal  are  easiest.  P>ui  in  placing  the  conimutating 
pole  directly  over  the  short-circuited  coils,  the  conditions  of  rever- 
sal of  the  short-circuited  current  are  made  much  more  ditticult  dur- 
ing starting.  In  conse(iuencc.  during  starting  and  accelerating,  the 
sparking  conditions  in  tiic  conimutating  pole  converter,  both  for  60 
and  25  cycles,  are  much  worse  than  in  the  older  non-commutating 
pole  type.  In  fact,  in  the  larger  machines,  the  conditions  are  so 
bad  that  it  has  been  found  necessary  to  add  brush  lifting  devices 
which  will  lift  all  the  brushes  but  two.  during  starting  and  bringing 
up  to  speed.  This  is  an  added  complication,  but  it  is  otTset,  to  some 
extent,  by  the  fact  that,  with  the  brushes  lifted,  there  is  no  sparking 
at  all.  and  therefore  the  commutator  does  not  suffer  at  all  during 
the  operation  of  starting. 

In  the  earlier  60  cycle  converters,  the  (juestion  of  variable 
voltage  came  up  in  connection  with  250  to  300  volt  machines.  The 
general  means  of  voltage  variation  in  these  machines  was  almost 
entirel>  by  means  of  induction  regulators,  or  step-by-step  trans- 
formers. It  is  only  in  very  recent  years  that  the  self-contained 
units,  such  as  the  synchronous  booster  converters,  and  the  regulat- 
ing pole  type,  have  been  brought  forward.  For  60  cycles,  the  syn- 
chronous booster  ajjpears  to  be  the  only  really  practical  method,  due 
largely  to  limitations  in  design  and  in  space  re(|uirenients.  If  coni- 
mutating poles  are  to  be  used,  then  the  regulating  pole  type  of 
machine,  with  main  and  auxiliary  poles,  in  additi<»n  to  the  coni- 
mutating [xiles,  requires  a  very  crowded  design  of  heltl.  unless  a 
larger  pole  pitch  is  chosen  than  in  the  synchronous  booster  machine, 
in  which  there  are  only  the  conimutating  and  the  main  i)oles. 

When  .synchronous  boosters  are  used  with  conimutating  poles, 
the  problem  of  proper  adjustment  of  the  conimutating  i)ole  strength, 
with  varying  loads  and  voltages,  comes  in.  This  problem  of  .idjust- 
nient  is  just  as  pronounced  in  (io,  as  in  25  cycle  niachino.  W  here 
the  range  of  voltage  is  relatively  small — say,  never  exceeding  ten 
percent  up  or  down — it  is  practicable  to  so  proporti<Mi  the  com- 
nnUating  pole  windings  that,  without  any  automatic  or  haml-adju^t- 
ing  devices,  good  comnuitation  can  be  obtained  over  the  whole 
working  range.  However,  if  materially  higher  voltages  are  nccdc<l, 
such  as  15  to  20  percent  up  or  down,  practice  indicates  that  some 
auxiliarv  device  is  reijuired  ft)r  adjusting  the  tield  strength  auto- 
matically, or  by  hand,  at  the  extreme  condition,  which  appears  to  be 
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at  no  load  with  maximum  boost  or  buck.  For  this  condition,  an 
automatic  device  has  been  developed,  which,  when  the  main  current 
falls  to  a  relatively  low  value — say,  one-fourth  full  load — auto- 
matically short-circuits  that  part  of  the  commutating  pole  winding 
which  is  in  series  with  the  booster  field.  The  same  operation  cuts 
into  the  circuit  a  resistance  equivalent  to  the  section  of  the  winding 
cut  out.  This  latter  is  a  necessity,  due  to  the  fact  that  any  varia- 
tion of  the  resistance  of  the  booster  field  circuit  will  vary  the 
amount  of  boost  or  buck,  and  thus  affect  the  main  voltage  of  the 
machine.  Any  automatic  device  therefore  should  hold  the  resist- 
ance of  the  booster  circuit  constant.  Such  devices  have  been  in- 
stalled on  a  number  of  synchronous  booster,  commutating-pole  ma- 
chines. They  can  be  located  at  the  converter  and,  being  purely 
automatic  in  their  action,  require  no  attention  from  the  switch- 
board operator.  As  such  a  device  operates  only  very  infrequently, 
but  at  fairly  regular  intervals,  such  as  once  or  twice  a  day,  it  is  not 
liable  to  wear  out  due  to  excessive  operation,  nor  to  stick  due  to  non- 
use.  Experience  has  shown  that,  except  for  extremely  wide  ranges 
in  direct-current  voltage,  only  one  step  is  needed  in  such  an  auto- 
matic device. 

Sixty  cycle  rotary  converters  are  now  being  manufactured  in 
relatively  large  capacities,  such  as  i  ooo,  i  500  and  .2  000  kilowatts, 
for  270  volts  with  synchronous  boosters,  and  up  to  2  500  kilowatts, 
for  higher  voltages.  Larger  capacities,  for  either  voltage,  can  be 
constructed  without  difficulty,  and  with  as  good  performance  as  in 
the  capacities  mentioned. 

The  modern  60  cycle  rotary  converter  for  either  270  or  600 
volts,  is  approaching  very  close  to  the  25  cycle  converter  in  its  gen- 
eral characteristics,  such  as  efficiency,  etc.  In  commutation,  it  can 
be  fully  equal  to  the  25  cycle  machine.  In  general  reliability,  the 
modern  machine  is  far  ahead  of  the  older  types.  This  develop- 
ment of  the  60  cycle  converter,  therefore,  removes  one  of  the  most 
serious  handicaps  formerly  encountered  by  the  large  60  cycle  gen- 
erating systems. 
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One  of  the  aims  of  the  Journal  is  to  be  a  magazine  of  inspira- 
tion as  well  as  a  journal  of  engineering.  Articles  of  the  first  type 
rarely  can  be  made  to  order,  but  usually  must  be  discovered.  In 
the  following  pages  is  presented  a  discovery  of  the  inspirational 
type  which  should  be  of  value  to  all  young  engineers.  This  letter, 
while  written  for  the  guidance  of  a  particular  individual,  is  of  fair- 
ly general  interpretation.  It  was  first  called  to  our  attention  con- 
fidentially by  a  friend  and,  realizing  that  its  perusal  should  be  of 
great  value  to  others,  a  request  was  made  for  permission  to  pub- 
lish in  the  Journal.  The  author  has  had  a  long  experience  both 
as  chief  engineer  of  one  of  the  large  manufacturing  concerns  and 
as  an  observer  of  young  men  as  they  have  taken  up  active  work 
after  the  completion  of  their  preliminary   training. — (Eu.) 

My  Dear  Urban  : — 

As  you  have  decided  to  spend  part  of  the  interval  between  school 
terms  in  an  endeavor  to  obtain  some  experience  by  entering  the  employ 
of  the  Westinghouse  Air  Brake  Company,  I  think  it  only  fitting  that  I 
should  write  you  a  few  words  of  advice. 

First — I  would  impress  upon  you  that  loyalty  is  the  first  considera- 
tion and  is  as  much  to  be  striven  for  and  prized  as  it  is  difficult  to  ex- 
hibit and  obtain. 

Second — It  is  important  that  you  discover  what  your  duties  are  and 
fulfill  them  to  the  utmost  of  your  ability.  To  do  this,  you  must  become 
conversant  with  the  rules  of  the  Company  and  its  organization,  and  the 
question  as  to  whether  they  meet  your  views  or  not  is  immaterial,  since 
it  has  a  right  to  decide  what  these  shall  be,  leaving  to  you  the  right 
In  leave  the  Company  if  you  cannot  conform  to  them. 

Courtesy  and  tact  in  all  your  dealings  with  your  superiors  and  fel- 
low-employees are  qualities  greatly  to  be  desired.  In  fact,  without  these, 
much  of  your  opportunity  to  render  good  service  and  to  obtain  the  re- 
ward for  capable  endeavor  will  be  curtailed. 

A  pleasant  demeanor  will  do  much  to  make  your  association  with 
the  Company  agreeable  and  beneficial,  both  to  yourself  and  to  all  with 
whom  you  come  in  contact. 

Integrity,  both  in  fact  and  purpose,  is  absolutely  essential  if  you 
are  to  raise  and  maintain  yourself  above  the  aver.ige  level,  as  well  as  for 
your  own  peace  of  mind  and  for  fearlessness  in  the  assertion  and  main- 
tenance of  any  position  you  may  assume. 

Accuracy  should  be  one  of  your  most  important  considerations  and 
this  will  be  impressed  upon  you  when  you  reflect  that  there  are  usually 
many  ways  that  a  thing  may  go  wrong,  or  be  wrong,  to  one  way  that 
is  right.  Therefore,  in  analyzing,  check  yourself  often  enough  to  be 
sure  that  you  have  considered  to  the  best  of  your  ability  all  the  factors 
involved  and  their  relations  to  what  you  are  considering  both  in  its 
parts  and  as  a  whole.  This  is  important  whether  you  are  making 
an  examination  of  the  subject  either  analytically,  synthetically  oi^  math- 
ematicalh-.  and  I  know  of  no  better  way  for  you  to  assure  yourself  of 
accuracy  than  the  one  followed  by  myself;  namely,  after  having  assured 
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myself  sul)jectively  that  I  am  right,  I  attempt  to  do  this  objectively, 
that  is  tu  my  associates,  l)efore  I  put  it  to  the  crucial  test- — by  crucial 
test,  I  mean  before  1  .-an  willing  to  risk  it  for  endorsement  or  condem- 
nation to  those  whose  duty  it  is  to  pass  final  judgment. 

Another  good  method  is  to  cultivate  intuitive  reasoning  in  thei  mat- 
ter, that  is,  does  your  conclusion  conform  to  common  sense  and  physi- 
cal law?  ]f  you  doubt  this,  obviously,  a  review  of  the  whole  question 
is  incumbent  upon  you.  For  example,  if  your  solution  of  a  prolilem 
demonstrated  that  you  would  get  something  for  nothing,  you  would 
knov/  prima  facie  that  there  was  an  error  somewhere,  as  this  is  contrary 
to  nature  and  would  involve  a  miracle.  What  I  say  later  on,  regarding 
greater  and  lesser  forces  is  my  key  to  the  cultivation  of  intuitive  reason- 
ing. In  this  connection  I  would  ask  you  to  reflect  upon  the  fact  that 
when  men  leave  college  they  are  to  all  intents  and  purposes  equal  as 
far  as  accumulated  knowledge  is  concerned,  but,  in  practice,  you  will 
find  but  few  who  get  material  results  from  this  knowledge,  largely  be- 
cause they  are  not  accurate  in  its  employment. 

Obedience  to  orders  or  instructions,  it  is  hardly  necessary  to  men- 
tion, is  especially  incumbent  upon  you  and  the  name  of  being  a  "good 
soldier"  is  something  I  hope  will  soon  be  yours.  The  reason  for  orders 
or  instructions  may  not,  in  fact,  will  not,  always  be  clear  to  you  and, 
therefore,  you  may  be  apt  to  look  upon  them  as  unreasonable,  or  even 
foolish,  but  remember  that  as  compared  with  your  superiors,  you  see 
only  "through  a  gh'iss  darkly;"  that  these  orders  and  instructions  may 
be,  and  probably  are,  only  links  in  a  very  long  chain  and  that  policies 
are  much  broader  and  cover  a  scope  inconceivable  to  you  at  the  mo- 
ment. As  you  travel  up  the  hill  side  the  horizon  will  widen  out  and 
many  things  will  appear  to  you  that  were  hidden  while  you  were  in  the 
valley.  In  many  cases  the  good  and  wise  policies  of  a  concern  have 
been  defeated  of  their  full  attainment  for  lack  of  full-hearted  obedience 
and  cooperation  ])y  those  who  constitute  it.  The  whole  is  made  up  of 
parts  and  each  part  or  unit  must  perform  its  full  duty  if  the  attainment 
of  purpose  and  proper  efficiency  is  to  be  accomplished. 

Never  betray  any  confidences  that  are  entrusted  to  you.  Refuse 
confidences  that  you  cannot  loyally  retain,  for  it  is  better  not  to  receive 
the  confidences  than  not  to  be  sure  that  you  can  retain  them  without 
being  disloyal  to  some  one  else.  Never  force  your  confidence  upon  any 
one  who  will  be  embarrassed  by  its  possession,  for  generally  a  confi- 
dence becomes  a  three-cornered  afifair  and  does  much  to  endanger  the 
best  friendships.  Therefore,  while  it  is  well  to  be  friendly  and  make 
friends,  in  the  general  acceptance  of  the  term,  with  all  self-respecting 
men,  it  is  unwise  to  have  more  than  one  who  has  your  confidence,  or  is 
your  team-mate.  Even  here  use  extreme  care  as  to  what  you  give  or 
receive. 

Cooperation  is  a  duty  you  owe  both  to  yourself  and  to  your  fel- 
lows. Self-seeking  generally  defeats  its  purpose,  for  few  can  go  it  alone, 
and  he  who  refuses  to  help  others  will  generally  be  forced  to  do  this, 
as  only  he  who  gives  shall  receive.  Not  that  you  are  sure  to  receive  if 
you  give,  but  you  are  very  likely  to;  while  if  you  give  not,  you  are  sure 


LETTER  WKIl  ri-.S  To  i:i<BA\  1141 

not  to  receive.  The  only  good  reason  for  not  liclping  the  otlier  fellow 
out  is  that  you  car.not  do  so  without  greater  loss  (»r  neglect  of  your 
own  duties.  Cooperation,  or  team  work,  is  a  great  asset  to  a  concern, 
for  ii'.   unity  of  action  there  are  great   results. 

You  must  expect  to  meet  all  that  is  good  and  all  that  is  bad  in  hu- 
man nature,  particularly  if  you  forge  ahead,  for  it  is  only  then  that  you 
are  worth  while  as  a  mark — as  a  mark  for  adulation  and  a  mark  for  en- 
vy and  tlieir  categories.  It  is  here  that  you  will  meet  your  supreme  test, 
for  j'ou  may  be  lulled  to  sleep  by  the  one  and  rattled  to  destruction  by 
the  other.  The  latter  is  not  the  bite  of  the  lion,  but  of  an  insect,  irritating 
and  annoying,  it  is  true,  but  can  do  you  no  real  harm  without  your  con- 
sent. 

Cultivate  a  cheerful  acceptance  of  the  disagreeable,  annoying,  irri- 
tating and  difficult  actions  and  circumstances  necessarily  attendant  upon 
any  position  of  life,  but  which  more  particularly  marshal  themselves 
against  "one  marching  under  the  banner  "Excelsior."'  Not  only  is  anger 
or  complaint  against  these  unavailing  to  yourself,  but  is  gratifying  both 
to  those  who  would  prevent  y(3ur  success  and  to  those  who  would  hold 
you  down  to  their  own  level.  As  well  might  a  soldier  complain  of  the 
bullets  of  the  battlefield  as  one  complain  of  obstacles,  difficulties  and 
annoyances  in  the  field  of  business.  Rather  be  glad  when  difficulties  and 
annoyances  present  themselves  to  you,  for  they  furnish  both  the  oppor- 
tunity and  incentive  for  you  to  measure  up  to  the  full  stature  of  a  man. 
As  there  are  but  a  few  who  appreciate  these  things  as  an  opportunity 
and  incentive,  the  mere  fact  that  you  know  their  value  and  have  the  grit 
to  encounter  them  in  the  proper  spirit,  will  give  you  an  advantage  very 
early  in  your  career.  The  greatest  measure  of  success  lies  in  a  more 
minute  subdivision  of  things  done,  :md  in  the  undone  and  difficult  things 
of  life.  Tliesc  in  turn  involve  the  whole  gamut  of  ability,  tolerance,  in- 
genuity and  tact,  and  he  who  would  explore  these  mines  for  their  hid- 
den benefits  and  riches  must  be  prepared  to  meet  all  that  imagination 
can  conceive  of  human  perverseness. 

1  desire  to  call  your  attention  particularly  to  the  difference  between 
accumulated  knowledge  and  tlic  a|)plication  thereof.  Do  not  think  be- 
cause you  have  attained  to  a  large  degree  of  technical  knowledge  that 
you  have  learned  how  it  should  be  applied  to  the  practical  details  of  a 
life's  work,  or  that  theory  can  take  the  place  of  practical  experience,  or 
that  it,  prima  facie,  is  evidence  f)f  a  "level  head."  It  has  been  said  that 
theory  is  the  bed  rock  and  practice  the  capstone.  .'\s  a  matter  of  fact, 
theory  and  practice  coalesce  and  become  one  and  the  same  thing  when 
all  the  factors  involved  are  taken  into  account.  The  reason  why  so 
many  things  fail  that  are  su))pf>sedly  correctly  worked  out  theoretically, 
is  that  conditions  and  details  that  occur  only  in  i)ractical  use  are  left 
out  of  consideration.  When  these  are  not  known  a  margin  should  be 
left  for  their  prol)ability  and  "a  good  engineer"  is  not  he  who  knows 
the  most,  but  the  man  who  can  meet  the  conditions  the  best;  in  other 
words,  it  is  in  the  application  of  knowledge  and  common  sense  that  the 
grearest  results  lie  and  from  which  successful  achievement  results. 

There  arc  but   few,  if  any,  things  you  will  fin'l  I'l  it    u.    all   rit'lit  or  all 


1 142  THE  ELECTRIC  JOURNAL 

wrong;  generally,  it  is  better  to  consider  everything  on  a  basis  of  good  or 
bad  which  can  measurably  be  determined  by  casting  a  balance.  Therefore, 
in  all  your  investigations,  discussions  or  debates,  it  is  essential  that  you 
should  discover,  if  possible,  the  angle  or  point  of  view,  that  for  the  moment 
is  the  other  fellow's  controlling  influence.  When  this  is  discovered,  it  is  ob- 
vious that  the  analysis,  or  discussion,  turns  from  the  proposition  or  device,  to 
the  point  of  view.  This  must  be  agreed  upon  by  both  before  culminating 
progress  can  be  made.  Assertions  only  have  force  with  those  who  accept 
them.  Therefore,  try  to  get  your  controversialist  back  to  some  point  upon 
which  you  can  agree ;  in  which  case,  it  may  be  found  that  his  point  of  view 
is  not  even  on  the  line  when  the  vital  issue  is  reached. 

Be  careful  not  to  assume  a  burden  of  proof  or  to  make  assertions  that 
cover  more  than  is  required  for  the  particular  case.  In  fact,  you  should 
be  continually  on  the  qui  vive  to  shift  the  proving  business  to  the  other 
fellow.  I  know  of  no  better  way  to  convince  the  other  fellow  that  he  is 
wrong,  at  least  in  some  degree,  than  to  let  him  try  to  prove  his  own  proposi- 
tions. Strange  as  it  may  seem,  questions,  rather  than  assertions,  contribute 
materially  to  this  end.  Be  careful  to  use  particular  propositions  rather  than 
universal  ones  when  a  universal  one  is  neither  material  nor  provable,  for 
you  must  know  that  one  exception  is  as  good  as  a  thousand  to  disprove  a 
universal  proposition.  In  this  connection  be  wary  of  the  adjective  and  ad- 
verb fiend,  for  while  these  terms  have  an  impression  value  to  the  emotional 
or  unwary,  they  are  generally  used  as  special  pleaders  or  in  the  place  of  evi- 
dence or  proof.  Watching  for  their  appearance  in  the  other  fellow  should 
and  will  teach  you  to  avoid  them  yourself  except  when  you  are  convinced 
that  you  have  a  warrant  for  their  use. 

Avoid  entanglements.  Make  none  until  you  have  counted  the  cost,  then 
conform  to  them  whatever  may  be  the  sacrifice  until  they  honorably  expire. 
li  you  make  the  determination  to  fulfill  them  at  whatever  cost,  it  will  be 
equivalent  to  a  determination  to  be  very  careful  in  assuming  them,  which  is 
what  I  desire.  Mind,  I  say,  careful,  for  I  do  not  want  you  to  be  always  wait- 
ing for  a  sure  thing,  as  this  life  to  be  successful  must  be  conducted  on  the 
basis  of  reasonable  probability. 

Be  careful  in  your  acceptance  or  choice  of  companions  or  friends.  As- 
soci.itc  only  with  those  who  in  word  and  deed  show  that  to  them  life  has  a 
purpose  beyond  selfish  gratification  and  mere  incumbency  of  the  earth.  Sub- 
ject yourself  to  the  influence  of  the  good,  the  thoughtful,  the  energetic  and 
the  progressive.  Avoid  or  repel  the  influence  of  the  shiftless,  the  unthinking, 
and  those  who  by  nature  or  inclination  remain  stationary,  and  who  because 
of  this  would  hold  others  to  their  level.  Heed  not  their  persuasion,  ridicule, 
their  taunts  or  sophistries,  for  they  are  not  seeking  your  good ;  rather  by  an 
accretion  of  their  numbers  they  are  desiring  a  plausible  justification  for  their 
condition  and  inertia. 

Avoid  debt  as  you  would  a  pestilence.  By  debt,  I  mean  assuming  obli- 
gations beyond  your  means,  or  that  you  cannot  with  reasonable  certainty 
expect  to  repay.  This  kind  of  debt  is  equivalent  to  giving  a  mortgage  on 
your  honor,  your  activities  and  your  sustenance.  In  money  matters,  as  in 
the  other  things  I  have  advised,  it  is  wise  to  always  have  a  reserve.      But 
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even  at  the  expense  of  this,  do  not  stunt  your  life  or  fail  to  realize  that  its 
largeness  will  be  greatly  increased  by  using  all  that  nature  and  art  offer  you 
according  to  your  means. 

Save  some  money  from  every  dollar  you  earn,  because  such  a  policy 
makes  for  independence  of  action — it  makes  for  power  and  influence.  The 
espisc  (?)  dollar  has  ben  maliiined  too  long.  1  believe  I  could  write  a  volume 
on  the  poetry  and  inspiration  of  the  dollar.  And  there  is  a  practical  content- 
ment and  a  moral  courage  in  a  l)ank  account  that  a  man  can  acquire  in  no 
other  way.  At  the  same  time  do  not  forget  that  generosity  and  charity  are 
virtues.  Therefore,  be  generous  to  your  friends  and  charitable  to  all  whose 
want  and  condition  make  you  to  some  extent  their  servant  or  keeper.  This 
will  at  times  call  for  sacrifice  on  your  part,  but  to  be  a  whole  man  you  must 
not  shirk  it. 

Do  not  forget  in  thinking  of  your  duty  and  responsibility  to  others  that 
God  holds  you  responsible  for  yourself  and  expects  development  in  you  at 
least  equal  to  that  which  you  would  insure  in  others.  Self-neglect  is  as  bad 
or  worse  than  the  neylect  of  others,  for  its  example  may  entirely  defeat  the 
object  for  which  it  is  done. 

Avoid  extremes,  for  remember  that  extremes  meet.  A  piece  of  iron 
extremely  cold  will  burn  you  just  as  quickly  and  severely  as  a  piece  of  iron 
cxiremely  hot,  and  paradoxical  as  it  may  seem,  the  farther  away  from  a 
tliinj.;  you  maj'  go  in  one  direction,  the  nearer  you  are  approaching  it  in  the 
other  .  It  takes  a  lively  imagination  to  picture  extremes,  but  you  will  profit 
by  cultivating  the  habit. 

Do  not  be  too  ready  to  endorse  or'  condemn  anything  from  the  mere 
abstract  supposition  that  it  is  either  right  or  wrong,  for  this  is  largely  a 
question  of  custom,  environment,  and  the  opinion  of  a  numl)t.'r  formulated 
into  a  law,  and  is  different  in  different  places  and  under  different  times. 
Rather  take  also  into  consideration  witli  this,  whether  the  proposal  or  the 
outcome  will  be  great  or  small,  for  most  things  are  considered  right  when 
they  become  great  and  wrong  when  they  become  small,  and  it  is  not  always 
clear  what  they  will  be  at  the  start.  Consequences,  as  far  as  human  progress 
is  concerned,  are  wliat  determine  quality,  even  though  these  consequences 
change  from  time  to  time,  and,  tlierefore,  you  should  at  all  times  consider 
wlictlier  a  thing  is  right  per  se  or  is  only  made  so.  If  the  latter,  it  has  no 
standing  in  fact  as  compared  with  another  thing  which  may  be  greater. 

I  am.  not  asking  you  to,  Don  Quixote  fashion,  cliarge  every  wind-mill 
that  yon  may  chance  to  espy,  but  ratlier  to  consider  carefully  all  sides  of  a 
givei;  question  and  not  to  condemn  until  you  are  reasonably  sure  that  you 
hove  a  substitute  which  will  change  things  for  the  better,  then  proceed  not  to 
ccmpel.  but  fo  educate  others  info  the  adoption  of  a  more  progressive  course. 

Do  not  be  discouraged  lucause  oiiiers  do  not  rush  with  embracing  arms 
to  accept  your  convictions,  for,  even  though  you  may  be  right,  it  may  bo 
necessary  for  them  to  climb  the  same  paths  to  the  mountain  top  before 
they  reacli  your  conclusion  and  you  will  fiml  tliat  they  can  be  induced  to 
travel  this  path  where  they  cannot  be  compelled.  Discouragement  in  the 
demeanor  of  one  who  would  lead  is  a  decided  handicap,  and  mind  you.  your 
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only  course  is  to  lead,  to  convince,   to  persuade,   for  there  are  but  few  who 
possess  the  individual  power  to  make  their  will  a  law. 

Whatever  may  be  the  abstract  theory,  or  conventionally  stated  platitudes 
and  requirements  regarding  improvements  or  changes,  in  practice  you 
will  find  that  incredulity,  doubt,  opposition  and  a  clinging  nature 
have  to  be  encountered  and  you  will  be  wise  to  discount  these  at  the  begin- 
ning. If  you  begin  early  it  will  become  a  characteristic  to  a  much  greater 
degree  than  with  myself,  though  I  flatter  myself  that  few  men  would  have 
met  these  things  with  quite  as  lamb-like  a  disposition  as  I  have.  In  all  the 
matters  discoursed  upon  in  this  letter  I  have  had  practical  experience,  but 
in  none  so  much  as  in  this  one,  for  I  cannot  recall  a  single  innovation  that 
I  have  submitted  but  what  has  had  to  find  its  way  through  what  I  have  men- 
tioned, and  even  though  more  care  is  now  exercised  by  my  critics,  so  firmly 
imbedded  in  human  nature  are  these  propensities  that  the  same  ordeal  has 
still  to  be  faced.  Perhaps  it  is  wise  that  it  is  so,  for  it  will  make  you  ex- 
ceedingly careful  of  your  premises  and  conclusions.  Its  chief  evil  is  the  im- 
patience aroused  because  of  delays  which  are  really  unnecessary,  and,  in 
addition,  one  is  provoked  that  time  and  energy  whicli  could  be  devoted  to 
further  accomplishment,  are  exhausted  by  such  barriers. 

Also,  it  is  likely  to  happen  that  you  will  find  yourself  in  the  same  pre- 
dicament as  others  at  times  and  may  want  to  adroitly  dodge  the  issue  rather 
than  to  admit  that  you  "do  not  know."  For  many,  this  is  the  safe  side,  as  it 
involves  but  little  risk  and  no  responsibility — its  aim  is  self-preservation 
rather  than  another's  destruction.  It  is  a  fine  substitute  for  discernment 
and  dodges  the  question  of  competency,  as  well  as  passing  for  wisdom  of  a 
certain  kind.  I  fear,  you  may  some  times  be  tempted  to  shelter  yourself 
within  this  magic  circle ;  I  hope,  however,  that  you  will  resist  the  tempta- 
tion to  use  tliese  ordinary  and,  to  the  informed,  transparent  subterfuges,  and 
candidly  admit,  wlien  called  upon  to  judge  of  matters  of  which  you  have  not 
made  sufficient  and  special  study,  your  incompetency,  with  the  statement  that 
thi.s  should  not  be  counted  against  the  thing  being  considered.  This  will 
create  confidence  in  you,  for  remember  that  this  only  applies  to  particular 
cases  and  not  to  your  ability  or  intelligence  in  general  or  to  matters  which 
are  special  to  you,  for  in  these  I  am  sure  you  will  obtain  a  competency  that 
will  create  as  large  a  confidence  on  the  other  side.  By  many  it  is  regarded 
as  almost  a  crime  for  one  to  proclaim  that  he  can  supply  something  which 
others  have  not  yet  discovered  they  need,  notwithstanding  that  .its  benefits 
in  wealth  and  general  good  may  be  vast ;  therefore,  while  I  desire  you  to 
maintain  a  sanguine  spirit,  it  should  not  be  from  the  conviction  that  if  you 
make  two  blades  of  grass  grow  where  one  has  grown  before  that  it  will 
be  accepted  with  a  brass  band  of  acclamation,  but  rather  from  the  determi- 
nation not  to  be  discotiraged  because  you  cannot  at  once  compel  all  inter- 
ests and  opinions  to  subserve  themselves  to  what  you  know  to  be  the  merits 
oi  your  case. 

I  do  not  know  of  any  single  thing  that  I  can  inculcate  that  will  be 
of  greater  service  to  you  than  to  cultivate  an  expectation  of  these  things, 
for  then  you  will  look  upt^n  them  as  ubiquitous,  if  not  desirable,  evils, 
and  will  meet  them  in  a  spirit  which  in  itself  will  be  of  the  greatest 
possible  assistance  in  attaining  success.     This  particular  thing,  or  what 
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I  call  the  human  end  of  my  work,  is  a  far  greater  disturber  of  my  poise 
than  any  of  the  problems  or  other  troubles  connected  with  the  mechan- 
ical end,  and  I  want  you  to  so  cultivate  your  nature  and  manner  that 
you  may  meet  these  as  serenely  as  you  do  any  other  problems  or  diffi- 
culties. 

While  it  is  a  rule  that  one  should  meet  his  opponent  with  the  kind 
of  weapons  he  employs,  I  here  offer  you  a  better  one,  namely,  meet  him 
with  superior  ones,  if  possible.  If  he  should  endeavor  to  meet  you  with 
those  that  are  unworthy,  do  not  cast  aside  those  of  honor  and  manliness 
and  pick  up  those  of  dishonor  and  deceit,  for  soon  he  will  find  that  there 
is  a  flaw  in  his  steel  and  that  his  bullets  are  of  wax.  Generally,  the  one 
who  uses  unworthy  weapons,  either  mental  or  physical,  should  not  be 
met  in  the  open  with  weapons  at  all,  and  I  have  found  that  all  that  is 
necessary  to  vanquish  him  is  to  set  a  trap.  Prefer  defeat  to  dishonor, 
and  lose  if  you  cannot  win  fairly.  For  the  inevitable  combat  between 
the  doer  and  the  "stand-patter,"  you  must  fortify  yourself  with  a  full 
knowledge  of  your  subject,  and  become  familiar  with  all  the  arts  and 
artifices  of  the  critic  and  preferment  hunter  as  well  as  all  that  is  neces- 
sary to  convince  and  persuade  the  honest  doubter  or  skeptic.  Always 
be  able  and  prepared  "to  show  a  reason  for  the  faith  that  is  in  you." 
Tolerance  to  the  limit  of  human  endurance  I  urge  upon  you,  for  one 
of  the  first  things  you  will  be  charged  with  is  intolerance  and  a  desire 
to  ride  rough-shod  over  the  inherited  and  acquired  opinions  of  your  op- 
ponents. 

Avoid  excess  of  every  kind,  for  there  is  no  evading  the  promise  to 
pay.  Involved  in  any  transaction  pertaining  to  your  physical  or  mental 
nature  is  a  debt  which  may  not  be  collectable  on  a  sight  draft,  but  never 
forget  that  deferred  payments  inevitably  mature  and  when  the  demand 
is  made,  payment  can  neither  be  evaded  nor  postponed.  Whenever  fa- 
tigued, rest  in  some  form  should  be  welcomed,  but  do  not  mistake  lazi- 
ness for  fatigue.  Remember  that  every  man  is  as  lazy  as  he  dares  to 
be,  and  the  value  of  your  purpose  is  the  measure  of  the  dare  quantity  to 
you  Still  this  should  not  be  interpreted  to  mean  that  you  should  work 
up  to  the  limit  either  mentally  or  physically;  quite  the  contrary,  for  you 
should  always  have  something  in  reserve,  if  jxissible,  only  put  out  all 
you  have  when  less  will  not  win. 

While  trying  to  impress  you,  as  I  do  later  on.  with  the  fact  that 
analogy  and  inference  of  outside  subjects  are  what  determine,  even 
though  we  may  be  unaware  of  it.  the  course  of  our  life,  I  would  not  have 
you  forget  that  self-analysis  is  fully  as  important  as  that  of  other  and 
outside  things. 

Most  of  all  I  want  your  life  to  be  governed  Ity  the  conviction  that 
God  is.  and  that  He  rules  the  world.  Once  convinced  of  this  and  you 
will  know  that  there  is  a  reason  for  all  things;  that  in  spite  of  the  lim- 
itations of  our  finite  being  which  prevent  our  understanding  many  things, 
there  is  a  purpose  in  the  exi.stence  of  the  world  and  the  present  state  of 
its  progress  towards  the  ultimate.  It  will  also  place  in  your  possession 
the  key  to  that  great  secret,  apparently  self-evident  and  yet  hidden  in  its 
fullness  of  meaning  from  the  many,  viz.  that  the  greater  force  will  over- 
come the  lesser,  which  is  the  law  of  all  that  takes  place.     To  di>^'-'iv.r 
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on  which  side  it  exists  is  your  problem;  for  in  it  is  the  solution  of  all 
the  enigmas  you  will  encounter  and  the  achievements  you  desire  to  ac- 
complish. In  this  are  involved  all  the  physical  laws,  as  well  as  those 
which  determine  your  spiritual  well-being.  A  full  appreciation  of  this 
will  enable  you,  when  dealing  with  engineering  matters,  to  determine 
with  assurance  what  result  will  be  obtained  under,  a  given  set  of  condi- 
tions. While  I  alvyays  expect  you  to  welcome  a  scepticism  which  says 
■'let  us  test  it,"  still  I  desire  you  to  rise  above  the  mediocre  which  fails 
to  see  that  doubt  is  synonymous  with  incompetency,  no  matter  whether 
justified  or  not,  and  that  a  recommendation  limited  to  "let  us  try  it," 
is  nothing  more  than  the  ink  of  the  cuttle-fish  which  serves  to  obscure 
incapacity  and  ignorance,  but  in  no  sense  proclaims  a  knowledge  of  the 
direction  of  the  greater  force. 

I  want  you  to  realize  that  there  is  great  virtue  in  (progressive) 
conservatism,  but  to  avoid  appropriating  this  designation  to  conceal  fear 
and  ignorance.  Discover  if  you  can  the  greater  force,  then  proclaim 
your  judgment  and  be  strong. 

Next,  a  study  and  analysis  of  human  nature  must  not  be  neglected. 
Every  human  being  that  comes  under  your  observation  ,and  with  whom  you 
come  in  contact,  should  be  carefully  scrutinized,  and,  wherever  important, 
an  endeavor  should  be  made  to  discover  his  "Ruling  Passion."  Never  for- 
get that  whenever  two  people  are  together,  there  are  at  least  six  in  the  circle, 
for  as  Holmes  says,  "There  is  the  other  as  you  think  he  is,  as  he  thinks  he 
is,  and  as  he  really  is,  and  yourself  likewise."  This  one  fact  explains  in  a 
large  measure  the  many  angles  and  points  of  view  which  are  responsible  for 
the  various  opinions  on  even  the  most  elementary  subjects  and  circumstances 
of  life. 

Always  keep  in  mind  that  men  are  more  alike  than  they  are  different 
and  thus  you  will  never  forget  that  in  these  few  differences  lie  those  things 
which  make  the  able  man,  or  the  converse.  A  recognition  and  remembrance 
of  this  one  thing  takes  you  far  into  the  study  of  human  nature ;  that  is,  its 
incentives,  its  motives  and  its  incongruities. 

Further,  I  would  call  your  attention  particularly  to  the  necessity  of  mak- 
ing distinctions  between  matters  that  are  important  and  unimportant  to  your 
purpose  in  life,  or  to  the  matter  in  hand;  also,  you  should  carefully  distin- 
guish between  things  that  are  clear  and  comprehensive  and  those  whcih  are 
vague,  equivocal  and  ambiguous.  Distinguish  also  carefully  between  con- 
ciseness and  redundancy,  both  in  your  spoken  and  written  discourse.  While 
conciseness  is  to  be  desired  for  many  reasons,  you  will  usually  find  that  in 
conciseness  there  is  grave  danger,  for  generally  it  is  so  incomplete  as  to  be 
misleading,  or  is  intentionally  concise  in  order  to  evade  or  deceive.  On  the 
other  hand,  redundancy  is  objectionable  in  that  it  requires,  at  least  on  its 
face,  more  time  than  will  be  given  to  it  by  your  audience  or  to  its  perusal. 
Therefore,  you  should  study  to  state  clearly  what  you  intend  to  convey  with 
just  sufficient  wording  to  insure  a  correct  understanding  and  to  prevent  its 
being  misleading,  misconstrued,  or  misapplied.  One  extreme  is  perhaps  as 
bad  as  the  other.  Still  I  want  to  warn  you  not  to  expect  your  judge  (that 
is,  the  one  to  whom  you  submit  your  proposition  for  judgment)  to  know 
eis  niuch  as  you  dp  fibout  thg  matter,  since  this  is  hardly  to  be  expected  if 
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you  have  been  making  a  study  for  a  development  of  anything  beyond  that 
whicli  is  ordinarily  known;  therefore  , insufficiency- of  evidence  is  likely  to 
defeat  your  purpose. 

The  sooner  you  learn  that  he  who  would  upset  the  existing  state  of 
things  must  assume  the  burden  of  proof,  the  sooner  you  will  have  a  mort- 
gage upon  the  accomplishment  of  your  purpose,  and  acquire  a  disposition  to 
meet  all  opposition  with  a  fascinating  smile  and  a  persuasive  manner. 

It  is  well  to  always  assume  that  those  with  whom  you  come  in  contact 
are  honest  and  sincere  in  word  and  intent,  and  this  assumption  should  be 
conducive  to  both  tolerance  and  courtesy  on  your  part.  Still  you  must  never 
lose  sight  of  the  fact  that  neither  of  these  things  can  stand  for  either  right 
or  competency,  and  therefore  should  form  no  part  of  your  premises  in 
reaching  a  conclusion.  Be  careful  to  divide  with  a  sharp  line  all  things 
emotional  and  intellectual,  for  you  must  not  let  your  emotions  run  away 
with  your  judgment  or  sidetrack  your  intellect.  Nor  does  it  follow  that 
when  you  are  convinced,  you  should  also  be  persuaded,  for  often  many 
things  must  be  considered  before  your  conviction  should  become  an  overt 
act.  On  the  other  hand,  do  not  be  satisfied  with  having  convinced  another 
that  what  you  propose  or  purpose  is  right  or  of  value,  lor  before  it  can 
become  so,  he  must  be  persuaded  to  give  it  life  and  a  real  opportunity. 

With  all  the  foregoing  observed,  a  purpose  in  life  must  be  deter- 
mined upon,  otherwise  you  have  an  accompaniment  without  the  so- 
loist— a  company  of  soldiers  without  a  leader — a  ship  without  a  rud- 
der. Imagine  to  yourself  a  ship  at  sea  without  a  course  laid  out,  or 
a  port  in  view,  and  you  have  a  life  without  a  purpose.  Therefore,  I  urge 
you  to  use  all  diligence  in  determining  what  this  sliall  be  and,  once  de- 
termined, it  should  be  followed  with  persistency  and  perseverance,  for 
it  is  not  so  much  what  the  purpose  covers  as  a  purpose  itself  which  is 
important,  since  there  are  but  few,  if  any,  things  that  cannot  be  obtained 
if  all  one's  energies  are  bent  in  that  direction.  There  are  no  Alps  be- 
tween consecration  and  achievement.  Concentration,  the  invincible, 
naturally  follows  consecration,  in  fact,  they  go  hand  in  hand  and  they 
will  almost  always  prevail.  Do  not  let  too  many  things  draw  on  your 
energies.  They  interfere  with  concentration  and  weaken  your  efforts  by 
dividing  them  too  much.  A  proper  diversity  of  interest  and  action  is 
good — even  necessary,  but  too  few  begin  early  to  put  the  whole  force  of 
their  mental  and  physical  facilities  upon  a  given  project  or  performance 
to  its  solution  or  completion  in  the  very  best  possible  way.  Take  ad- 
vantage of  this  neglect  and  lack  of  effort  by  doing  your  best  which  will 
take  you  beyond  their  pace.  Play  life,  live  life — work-a-day  things — just 
as  you  play  football — you  know  how  here  the  fittest  goes  to  the  front. 

With  reference  now  to  the  immediate  present,  I  desire  that  you 
thoroughly  ground  yourself  in  the  principles  of  logic,  that  is,  the  art 
and  science  of  reasoning.  By  art.  I  mean  the  manner  of  it.  both  in- 
wardly and  outwardly,  and  by  science,  the  matter  employed.  I  want 
you  to  persuade  yourself  to  always  ask  the  question  "Why?"  and  "Why 
is  it  as  it  is?"  This  followed  up  by  the  utilization  of  your  mental  pow- 
ers to  obtain  an  answer  will  help  you  over  the  road  of  your  purpose 


ti4§  TH^  ELECTRIC  JOURNAL 

much  more  easily  and  quickly  than  anything  else  that  I  know.  Next, 
ask  always  "if  'this'  is  necessarily  so  from  what  I  know  or  the  informa- 
tion furnished?"  If  you  cannot  see  clearly  that  the  conclusion  offered 
must  of  necessity  follow  from  the  matter,  or  information  before  you, 
then  defer  conviction  or  action  until  you  are  sure  that  at  least  strong 
probability  is  on  the  side  of  your  act.  A  good  rule  to  follow  is,  if  an 
assertion  is  not  qualified,  to  inquire  why  it  is  not,  and  if  it  is,  why  it  is. 
You  will  usually  find  in  the  answer  to  either  of  these  that  there  is  a  great 
deal  more  involved  than  appears  on  the  surface. 

Use  those  things  which  you  can  see  or  apprehend  through  the  senses 
only  as  a  means  to  an  end,  for  the  senses  apprehend  only  the  effect,  the 
cause  being  receivable  only  through  the  mind,  and  this  only  by  the  use 
of  all  the  intellectual  faculties.  Sight  and  the  other  senses  should  be 
considered  only  as  preceptors  and  conveyors  of  outward  things  to  the 
mind  where  they  must  receive  the  final  challenge  as  to  verity.  Remem- 
ber the  greatest  liars  and  deceivers  are  the  sensations;  therefore,  be  on 
your  guard  at  all  times  that  the  effect  may  not  be  mistaken  for  the 
cause.  Even  when  you  are  convinced  that  this  or  that  is  a  fact,  ask 
yourself  "What  of  it,"  for  after  all,  this  is  the  acid  test  to  which  you 
must  put  all  your  reasoning.  When  performing  this  process  of  analysis 
or  inference,  ask  yourself  these  four  questions.  Is  this  a  fact?  If  so, 
what  relation  does  it  bear  to  the  matter  under  consideration?  In  this 
consideration,  is  there  any  equivocation  involved?  and  after  having  sat- 
isfied yourself  with  regard  to  those,  ask  the  further  question  of  whether 
or  not  there  is  sufficient  reason  for  doing  or  not  doing  what  is  con- 
templated. 

In  reaching  conclusions,  be  careful  that  they  are  reached  by  the  pro- 
cesses of  observation,  hypothesis,  deductive  and  inductive  analysis,  and 
then  verify  to  the  best  degree  possible  under  the  circumstances.  Above 
all  remember  that  no  statement,  assertion  or  conclusion  has  any  scien- 
tific validity  until  it  is  impersonal.  Do  not  be  deceived  in  this  connec- 
tion by  dogmas  that  owe  their  authority  only  to  an  arbitrary  power,  for 
while  they  may  have  for  the  time  being  all  the  force  of  a  scientific  fact, 
their  existence  is  purely  ephemeral  and  dies  with  the  snuffing  of  the 
power  of  their  sponsor.  An  encounter  with  one  of  these  animals  re- 
quires the  charmed  life  of  the  St.  George  who  encountered  the  dragon, 
and  only  time,  patience  and  a  demonstration  that  interests  will  be  better 
served,  will  bring  you  the  requisite  enchantment  for  a  victory.  Upon 
logic,  whether  we  know  it  or  not,  we  must  rely;  even  in  walking  one  is 
something  of  an  athlete,  so  all  who  reason  are  logicians — the  difference, 
as  in  athletics,  being  one  of  degree,  not  of  kind — then,  since  all  of  the 
foregoing  involve  reasoning  of  a  very  high  order  for  their  proper  evolu- 
tion into  your  life  and  character,  I  particularly  desire  and  request  thai 
you  arduously  and  assiduously  devote  your  time  to  an  understanding  of 
the  wonderful  powers  possessed,  but  often  undeveloped,  in  the  mind  of 
man. 

While  the  foregoing  may  seem  to  inculcate  upon  you  those  things 
which  make  for  what  we  may  call  "material  success,"  they  go  much  far- 
ther, for  one  could  hardly  succeed  by  the  exercise  of  the  qualities  I  have 
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laid  down  without  also  attaining  that  success  which  is  more  than  per- 
sonal— a  success  that  will  give  you  power  and  influence  which  will  be 
used  for  the  well-being  and  betterment  of  mankind — a  success  that  when 
you  come  down  to  the  River  will  enable  you  to  look  back  and  feel  the 
assurance  of  a  life  that  fundamentally  has  been  lived  for  the  best. 

My  conviction  that  this  advice  is  essential  to  your  welfare  and  success 
cc>mcs  not  from  supposition,  either  by  myself  or  others,  but  by  experience, 
for  I  have  benefited  by  the  observance  of  some  and  suffered  by  the  breach 
of  others  until  the  effect  taught  me  the  wisdom  of  searching  for  and  adopt- 
ing a  new  rule  of  conduct — new  only  to  me,  for  the  experience  of  all  men  in 
all  ages  has  proved  that  what  is  here  set  before  you  is  as  fixed  as  nature's 
hiwr.  in  the  development  of  a  well-ordered  and  successful  life.  In  our  ig- 
norance, egotism  and  pride,  we  begin  by  assuming  that  we  are  exempt,  or 
immune,  or  in  some  manner  superior  to  them,  but  in  the  end  we  are  com- 
pelled to  succumb  and  acknowledge'  them,  many  in  sorrow  and  regret  be- 
cause of  failure;  others  in  thankfulness  that  they  learned  and  observed 
them  ere  it  was  too  late ;  a  few  by  profiting  by  the  experience  and  advice  of 
others  whose  love  and  interest  induced  them  to  sound  a  warning  of  danger 
ahead  and  to  point  out  a  safe  and  sure  course  to  follow.  Be  one  of  the 
latter — not  by  advice  alone  but  by  close  observance  of  the  standing  of  those 
who  follow  these  rules  and  of  those  who  do  not,  for  I  give  you  these  rules 
of  conduct  not  to  be  followed  in  blind  faith,  but  rather  that  you  may  know 
of  them,  being  content  to  rest  in  the  assurance  that  your  common  sense  will 
no'  penmit  you  to  ignore  danger  when  forewarned,  and  that  your  strong  de- 
sire to  be  a  true  man  and  to  live  a  creditable  and  beneficial  life  will  cause 
you  not  to  reject  without  reason  or  consideration  any  advice  or  rule  that 
premises  assistance  to  this  end. 

I  hope  you  will  pardon  the  length  of  this  letter,  which  I  feel  sure  you 
will  do  when  you  consider  that  it  is  an  endeavor  to  point  out  to  you  what  in 
my  judgment  and  in  my  love  for  you  I  consider  the  principles  that  should 
govern  your  whole  life  and  the  procedure  you  should  follow.  An  effort  on 
yo'.'.r  part  to  recapitulate  by  a  review  and  condensation  will  be  profitable  in 
many  ways,  not  the  least  of  which  will  be  the  demonstration  that  life  is  a 
broad  proposition  after  all. 

Trusting  that  my  greatest  desires  for  your  happiness  and  success  in  life 
will  be  realized,  I  remain.  Your  loving  father, 


THE  BEET  SUGAR  INDUSTRY 

WIRT  S.  SCOTT 

A  BEET  SUGAR  factory  is  operated  for  but  a  comparatively 
short  period  each  year,  the  exact  length  of  time  depend- 
ing upon  its  location,  as  the  beets  must  be  obtained  with- 
in a  small  radius  from  the  plant.  The  period  of  operation  is  termed 
in  beet  sugar  parlance  the  "campaign,"  and  varies  from  two  to  three 
and  one-half  months,  during  which  period  the  factory  operates 
twenty-four  hours  a  day  continuously  until  the  supply  of  beets  has 
become  exhausted. 

The  field  for  the  development  of  electric  power  in  sugar  fac- 
tories is  tremendous.  However,  a  statement  is  usually  made  at 
the  factory  that  it  is  doubtful  if  any  advantages  can  be  obtained 
by  electric  drive,  since: — a — a  large  quantity  of  steam  is  required 
in  the  cooking  process;  hence  it  is  very  economical  to  use  non- 
condensing  engines,  obtaining  power  at  a  very  small  cost;  b — as 
the  operation  is  continuous  day  and  night  during  the  campaign 
period,  electric  power  would  be  too  unreliable;  c — the  load  factor 
is  practically  unity,  hence  there  would  be  no  advantage  in  individ- 
ual or  small  group  drive. 

Once  the  conditions  of  operation  are  thoroughly  understood, 
these  statements  will  be  seen  to  have  very  little  weight.  In  gen- 
eral, they  may  be  met  as  follows : — 

a — A  great  loss  of  heat  results  by  radiation  from  the 
steam  pipes  to  and  from  the  engine.  The  engines  necessarily 
must  be  located  with  reference  to  the  machines  which  are  being 
driven,  rather  than  with  reference  to  the  devices  using  the  ex- 
haust steam ;  hence  much  more  steam  must  be  generated  than 
would  be  required  if  the  reverse  were  true.  By  the  use  of  a 
turbine  operating  against  a  back  pressure  of  from  lo  to  15  pounds, 
according  to  the  particular  plant,  there  will  be  practically  no  loss  in 
heat  from  the  boilers  to  the  turbine,  also  the  exhaust  steam  piping 
from  the  turbine  may  be  run  direct  to  the  point  where  the  steam 
is  required. 

b — While  the  general  operation  of  the  factory  is  continuous, 
barring  accidents,  day  and  night  from  two  to  three  months  per 
year,  yet  it  is  not  more  so  than  numerous  other  industries,  such 
as  cement,  paper  and  steel  mills,  to  which  motors  have  been  ap- 
plied with  great  success.     The  machinery  in  a  beet  sugar  factory 
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is  worked  at  its  maximum  productive  capacity  in  order  to  use 
up  the  beets  at  the  same  rate  at  which  they  are  being  delivered, 
so  as  to  avoid  putrefaction  and  a  loss  of  sugar  contents. 
A  shut  down  of  but  a  few  hours  causes  not  only  the  cus- 
tomary losses  resulting  from  decreased  production  with  the  same 
overhead  and  running  expenses,  but  a  loss  of  certain  portions  of 
the  material  in  course  of  production,  which  has  the  effect  of  re- 
quiring a   greater  percentage  of   material   to   be  handled   for  the 


FIGS.    I    AND   2 — LOAD  CHARACTERISTICS   OF   THE    HOLXY    SUGAR   CO.    PLANT   AT 

HUNTINGTON  BEACH,  CALIF.,  FOR  SEPT.   16  AND  SEPT.   IJ,  19I I 

OPEUATINO   DATA 

Tons  of  beets  sliced 

I'r  uikLi    of    sucar    t>UKK<'<i 

Total    kw-hrs.    consumer    

AvcriKc  kw-hrs.  consumed  per  hour 

Kwhre.  per  ton  of  beets  gliced 

Kw-hrs.  per  ton  of  sugar  bntcRed 

Maximum   kw  demand    

itinimum   kw   demand    

Average   kw   demand    

Avcrag-e  kw  demand  per  ton  of  beets  per  24   hrs 

amount  of  finished  product  obtained.  To  meet  these  conditions 
successfully,  apparatus  of  the  most  reliable  type  must  be  used. 
c-_From  data  obtained  from  a  complete  electrically  equipped 
sugar  factory,  the  load  factor,  defined  as  the  ratio  of  the  average 
load  to  the  capacity  in  motors  installed,  was  slightly  over  60  per- 
cent.    The  load  curves,  presented  in  Figs,  i  to  4,  form  additional 
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proof  that  the  load  factor  is  far  from  unity.  The  load  factor  of 
this  plant  is,  without  doubt,  higher  than  any  operated  by  steam 
engines,  as  individual  machines  or  machines  in  small  groups  can 
be  shut  down  without  interfering  with  the  general  process  of 
manufacture.     This  is  of  special  importance  as  the  machines,  as 


FIGS.   3    AND  4 — LOAD   CHARACTERISTICS    OF   THE    HOLLY    SUGAR   CO.    PLANT    AT 
HUNTINGTON  BEACH,  CALIF.,  FOR  OCT.   l6  AND  OCT.   IJ ,   igi2 


OPERATING   DATA 


Tons  of  beets  sliced 

Pounds  of  sugar  bagged 

Total   kw-hrs.    consumed    

Average  kw-hrs.   consumed  per  hour 

Kw-brs.  per  ton  of  beets  sliced 

Kw-hrs.  per  ton  of  sugar  bagged 

Maximupi    kw    demand     

Minimum  kw  demand    

Average   kw   deinand    

Average  kw  demand  per  ton  of  beets  per  24  hrs. 


Oct. 


16,  1912 

Oct.  17,  1912 

1112 

1044 

37440 

323600 

10794 

10778 

450 

449 

9.7 

10.3 

57.6 

64.5 

550. 

550. 

325. 

325. 

450. 

449. 

0.405 

0.43 

above  stated,  are  operated  at  their  maximum  productive  capa- 
city and,  therefore,  require  more  attention,  repairs,  etc.,  than  is 
required  for  the  operation  of  the  average  machine.  The  fact  that 
individual  rnachines  or  small  groups  of  machines  can  be  stopped 
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for  a  short  time  without  decreasing  the  output  of  the  factory  is 
one  of  the  best  arguments  in  favor  of  electric  drive,  as  the  net 
result  is  an  increased  output  in  sugar,  this  being  the  resuk  all  sugar 
companies  are  striving  to  accomplish. 

In  order  to  present  a  description  of  the  process  of  making 
sugar  from  beets,  which  will  give  a  fairly  clear  idea  of  the  va- 
rious stages  of  manufacture,  each  part  of  the  process  is  briefly 
dealt  with  in  the  following  paragraphs,  regardless  of  whether  or  not 
that  particular  part  requires  motive  power. 

Beets  which  are  harvested  and  allowed  to  stand,  decompose  more 
or  less,  with  the  result  that  their  sugar  contents  gradually  de- 
crease; consequently  arrangements  must  be  made  with  the  farm- 
ers for  delivering  the  beets  at  stated  intervals.  The  beets,  as  re- 
ceived, are  dumped  into  bins  from  which  they  are  conveyed  to  the 
factory  as  required,  by  means  of  a  hydraulic  conveyor.  The 
storage  bins  are  covered  and  are  constructed  with  sides  in  the 
form  of  inclined  planes  so  arranged  that  the  beets  are  dropped 
into  a  stream  of  water  with  the  least  amount  of  manual  labor. 
The  hydraulic  conveyor  consists  usually  of  a  concrete  ditch, 
about  two  feet  wide  and  six  feet  deep,  through  which  running 
water  floats  the  beets  to  the  factory.  Waste  water  from  the  fac- 
tory is  used  for  this  purpose,  the  bulk  of  which  is  obtained  from 
the  condensers.  The  flow  of  the  beets  is  fairly  rapid  as  the  fall 
of  the  ditch  is  approximately  0.2  inch  per  foot  of  length.  The 
water,  being  warm,  removes  a  large  portion  of  the  dirt  before  the 
beets  arrive  at  the  washer.  While  this  method  is  universally  used 
it  has  the  objection  of  causing  the  loss  of  a  portion  of  the  sugar  in 
the  beets.  This  loss  will  vary  from  two  to  five  percent,  depending 
upon  the  length  of  the  time  the  beets  remain  in  the  water. 

Beet  irashcr — The  beets  are  received  from  the  hydraulic 
conveyor  and  elevated  to  a  beet  washer  by  means  of  a  spiral  con- 
veyor or  a  bucket  wheel.  Here  the  remaining  dirt  adhering  to 
the  beets  is  removed  by  revolving  paddles  which  also  propel  the 
beets  through  the  washer  onto  a  conveyor,  terminating  at  the 
beet  elevator.  The  water  from  the  beet  washer  is  passed  over  a 
screen,  which  retains  the  particles  of  beets  which  have  broken  »fT 
from  the  main  stalk.  The  washed  beets  are  conveyed  by  an 
endless  bucket  conveyor  to  the  top  of  the  building,  usually  a  dis- 
tance of  about  60  feet,  and  emptied  into  a  hopper.  Here  they 
are  weighed  automatically  and  dropped  into  a  second  hopper, 
from  which  thev  are  drawn  oflf  into  the  beet  sheer. 
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The  Beet  Slicer  consists  of  a  rotary  drum  on  the  circumfer- 
ence of  which  knives  are  placed.  The  beets  fall  through  a  fun- 
nel on  the  side  of  this  drum  and  are  pressed  against  the  sides. 
The  slices  thus  obtained,  called  "cossettes,"  are  "V"  shaped,  one- 
eighth  of  an  inch  thick,  one-fourth  of  an  inch  wide,  and  of 
lengths  varying  from  one  to  four  inches.  The  cossettes  may  be 
dropped  directly  from  the  beet  slicer  into  the  diffusion  batteries 
by  means  of  chutes  when  the  batteries  are  arranged  in  circular 
form  under  the  slicer,  or  carried  on  belt  conveyors  when  the  bat- 
teries are  arranged  in  rows. 

The  Diffusion  Batteries  consist  of  cylinderical  tanks  called 
"cells,"  each  having  a  capacity  of  from  two  to  four  tons  of  sliced 
bee^s.  The  cossettes  enter  through  an  opening  at  the  top  and, 
after  the  sugar  has  been  extracted,  the  pulp  is  discharged  through 
an  opening  in  the  bottom.  Usually  from  ten  to  fourteen  of  the 
cells  are  connected  in  series  and  termed  a  "battery."  The  ex- 
tractioii  of  the  sugar  is  by  the  dialysis  of  the  soluble  constituents 
contained  within  the  cells  of  the  beets  and  is  accomplished  by 
passing  hot  water  through  the  diffusion  cells  containing  the  sliced 
beets.  The  piping  permits  any  cell  to  be  by-passed  while  being 
cleaned  or  filled. 

After  the  cossettes  are  placed  within  the  cell,  the  cover  is 
fastened  down,  and  the  cell  placed  in  service  by  turning  the  juice 
from  the  cells  which  have  previously  been  filled  and  placed  in 
operation,  into  the  cell  just  filled.  The  entering  juice,  having  pass- 
ed through  the  entire  series  of  cells,  is  at  its  maximum  density. 
Consequently  on  coming  into  contact  with  new  beet  material,  hav- 
ing at  that  time  its  largest  percentage  in  sugar,  this  material  is 
reduced  in  amount  depending  upon  the  relative  amount  of  sugar 
in  the  juice  and  in  the  beet.  The  time  required  for  reducing  beets 
containing  i8  percent  sugar  to  a  pulp  containing  less  than  one- 
half  of  one  percent  sugar  varies  from  one  to  one  and  one-quarter 
hours.  After  the  sugar  is  removed  from  the  beets,  the  pulp  is 
dropped  into  a  tank  from  which  it  is  pumped  into  a  silo,  where 
it  is  allowed  to  ferment  and  is  used  for  stock  food,  or  it  is  pump- 
ed into  a  drying  plant  where  it  is  dried  and  sacked,  the  dried 
product  also  being  used  for  stock  food. 

The  raw  diffusion  juice  as  it  comes  from  the  diffusion  bat- 
teries is  a  pale-yellowish  color  which  quickly  turns  dark  on  expos- 
ure to  the  air,  so  that  within  a  very  few  minutes  it  is  quite  black. 
The  juice  at  this  time  contains  about  12  percent  sugar    and    has 
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a  density  of  from  13  to  15  degrees  Brix.*  It  contains  all  sub- 
stances dissolved  by  the  diffusion  process,  the  organic  substance 
consisting  principally  of  saccharine  and  albumin,  and  the  inorganic 
constituents  chiefly  of  potash,  lime,  soda,  magnesia,  phosphoric 
acid,  and  chlorine.     This  juice  always  shows  an  acid  reaction. 

The  juice  is  then  passed  through  pulp  removers,  consisting 
of  screens,  serving  as  strainers  for  removing  any  pulp  or  fiber 
which  may  have  been  separated  by  the  juicers.  It  is  then  meas- 
ured, the  density  recorded  and  it  is  pumped  into  a  reheater  where 


FU;.   5— A    «.!  Mi<\l.    \M  U    111     TIIF.    KVAPORATORS    FOR    IIOII.INT,    IHIWN    THE    SYRUP 
OIITAINKI)    FROM     TIIK    DIFFUSION    BATTKRIES 

it  i--,  heated  to  about  cp  degrees  C.  in  order  to  coagulate  certain 
substances,  thus   rendering  them   insoluble. 

Dcfacation  Tanks — From  the  rcheaters  the  raw  juice  is  next 
pumped  into  tanks  where  milk  of  lime  is  added  for  clarification 
and  purifying.  The  tanks  are  equipped  with  a  simple  stirring  de- 
vice for  mixing  quickly.  The  action  of  the  lime  upon  the  raw 
juice  is  both  chemical  and  mechanical ;  chemically  it  acts  as  a  pre- 
cipitant and  decomposes  the  non-sugars ;  the  mechanical  purifica- 
tion is  due  to  the  fact  that  suspended  matter  is  carried  down  with 


*One  degree  Brix  is  equal  to  1.8  degrees  Baunic. 
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the  precipitate.  Defacation  requires  about  fifteen  minutes  at  a 
temperature  of  70  to  80  degrees  C.  Lime  is  required  to  the  amount 
of  one  and  one-half  to  two  percent  of  the  weight  of  the  juice.- 

Carbonation  Tanks — ^The  mixture  from  the  defacation  tanks 
is  emptied  into  carbonation  tanks,  where  carbon  dioxide  is  added, 
forming  a  precipitate  of  calcium  carbonate  which  carries  down 
with  it  much  of  the  coloring  matter  and  various  impurities.  The 
mixture  is  then  passed  through  filter  presses,  the  precipitate  be- 
ing dropped  into  a  spiral  conveyor,  which  conveys  it  to  mixing 
tanks  called  mud  scrolls,  where  it  is  mixed  with  water,  in  order 
to  reduce  it  to  a  consistency  so  that  it  can  be  handled  by  a  pump. 
The   filtered   juice   is   then   passed   through    a   second   carbonation 


.'■'-nif^vl^T^'  ' 


FIG.   6 — FILTER   PRESSES,   FOR   FILTERING   THE   LIQUID    IN   VARIOUS 
STAGES  OF  THE  PROCESS 

tank  where  carbon  dioxide  is  again  added  for  combining  with 
any  lime  present,  also  for  neutralizing  the  juice.  The  juice  from 
the  second  carbonation  tank  is  also  filtered  to  remove  the  remain- 
ing impurities  and  precipitation. 

Evaporators — By  means  of  evaporating  apparatus,  the  thin 
juice  is  concentrated  from  a  density  of  12  to  13  degrees  Brix,  to 
a  syrup  of  about  60  degrees  Brix,  evaporating  about  80  percent 
of  the  water.  From  the  evaporators  the  syrup  enters  a  tank 
where  it  is  mixed  with  brown  sugar  syrup  obtained  further  along 
in  the  process.  It  is  then  heated,  and  pumped  to  the  sulphur  sta- 
tion where  sulphuric  dioxide  is  added  for  clarification,  the  pre- 
cipitate being  removed  by  filtering. 
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Vacuum  Pans — The  syrup  is  next  run  into  white  sugar  vac- 
uum pans  where  the  syrup  is  boiled  until  microscopic  grains  are 
formed,  more  syrup  being  added  from  time  to  time  until  the  grain 
is  enlarged  to  the  required  size.  The  contents  of  the  pan  is  then 
dumped  into  a  hopper  from  which  the  mass  is  drawn  off  into 
the  centrifugal  machines.  White  sugar  mixers  or  scrolls  are  used 
for  keeping  the  mass  agitated  until  drawn  off  by  the  centrifugal 
machines. 

ll'liite  Sugar  Centrifugal  Machines — About  600  pounds  of  the 

mass  is  drawn  off  from  the  hopper  into  the  centrifugal  machines, 


FIG.  7 — FOURTEEN  40-INCH    SUGAR  CENTRIFUGALS  DRIVEN   BY 
THREE   SQUIRREL-CAGE    MOTORS 

Two  groups  of  four  each  are  driven  by  50  horsc-povver  motors  and  one 
group  of  six,  by  a  75  horse-power  motor.  The  centrifugals  operate  at  i  000 
r.p.ni.  The  syrup  enters  tlirougli  tlie  large  curved  pipe  at  the  right  of  each 
machine,  and  drops  into  the  suspended  basket.  After  the  molasses  has  been 
thiown  off,  the  sugar  is  discharged  through  the  bottom  of  the  basket. 

each  of  which  consists  of  a  bucket  shaped  receptacle,  called  a 
"basket"  with  perforated  sides.  The  basket  is  suspended  from 
the  lower  end  of  a  shaft  which  is  fastened  to  the  bottom  of  the 
basket.  The  baskets  are  filled  either  while  at  rest  or  while  re- 
volving slowly,  and  then  are  brought  quickly  up  to  full  speed. 
The  heavy  syrupy  mass,  consisting  of  approximately  half  sugar 
and  half  molasses,  is  forced  up  on  the  side  of  the  basket,  but  kept 
from  spilling  out  by  a  flange  surrounding  the  top.     The  molasses 
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is  forced  out  of  the  small  holes  in  the  side  of  the  basket  while 
the  sugar  is  retained. 

The  mass  as  it  enters  is  dark  brown  but  as  the  mola?ses  is 
forced  out  the  sugar  gradually  whitens.  After  the  sugar  has  spun 
for  about  60  seconds  it  is  washed  with  water  while  revolving,  the 
centrifugal  is  brought  to  a  stop,  and  the  sugar  is  scraped  from 
the  sides  of  the  basket  with  a  paddle  and  emptied  through  an 
opening  in  the  bottom  into  a  conveyor  which  conveys  the  sugar 
to  the  granulators. 

Crystallizers — The  molasses  or  green  syrup  that  is  thrown  off 
by  the  centrifugal  machines  contains  a  saccharine  substance  that 


FIG.   8 — A  GROUP  OF   SEVEN   CRYSTALLIZERS   DRIVEN    BY   A   20    HORSE-POWER 

SQUIRRF-L-CAGE   MOTOR 

The  crystallizers  are  ten  feet  in  diameter  by  i6  feet  long.  The  large 
worm  gear-wfheel  at  the  end  of  each  machine  is  on  the  agitator  shaft  and  is 
making  one  revolution  in  four  minutes. 

has  not  crystallized  in  the  process  of  evaporation  and  boiling. 
This  syrup  is  emptied  into  tanks  called  "crystallizers"  where  it  is 
slowly  stirred  for  about  sixty  hours,  the  continued  stirring 
action  causing  it  to  crystallize.  It  is  then  pumped  to  the  brown 
sugar  vacuum  pans,  boiled,  and  sent  to  the  brown  sugar  centri- 
fugal machines.  The  sugar  thus  obtained  is  brown  but  cannot  be 
used  as  such,  as  the  brown  sugar  obtained  from  beets  is  not  pa- 
latable, owing  to  certain  impurities  contained  therein.  This  sugar 
is  conveyed  to  a  sugar  melter  where  it  is  melted  to  a  syrup  after 
which  it  is  run  off  into  the  brown  sugar  mixer  and  mixed  with 
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the  syrup  coming  from  the  evaporators,  as  previously  mentioned. 
Hot  Tube  Mill  or  Granulator — The  wet  white  sugar  from  the 
white  sugar  centrifugal  machines  is  passed  through  a  revolving 
screen,  in  which  a  circulation  of  hot  air,  together  with  a  revolv- 
ing steam  drum  in  the  tube,  dries  the  sugar  as  it  gravitates  from 
one  end  to  the  other.  The  hot  granulated  sugar  is  then  passed 
through  another  revolving  tube,  and  is  cooled  with  a  current  of 
cool  air  obtained  by  means  of  a  blower.  The  sugar  in  leaving  the 
tube  passes  through  a  screen  in  the  lower  end,  which  retains  the 
lumps. 


FIG.  9 — A  SIX   UY   20  IT.   (JKANUI.ATOR,  ELi:\  liN   K.P.M.,   DRIVEN    BY    \    I5    HukSL- 

POWER   SQUIRREL-CAGE    MOTOR 

The  wet  sugar  enters  at  the  far  end  of  the  tube  and  is  dried  by  coming 
in  contact  with  air  licated  in  passing  over  the  steam  coils.  A  24  inch  ex- 
haust fan,  452  r.p.m.,  is  used  for  drawing  the  hot  air  tiirough  the  tube. 

Sugar  Sackcrs — The  dried  and  cooled  sugar  is  dropped  into 
sugar  .<;ackers  which  automatically  permit  only  a  fixed  quantity  of 
sugar  to  be  drawn  off  into  the  sacks.  After  the  bags  are  filled, 
they  pre  placed  on  a  conveyor  which  conveys  them  to  a  sewing 
machine  where  the  top  of  the  bag  is  closed  while  the  sack  of 
sugar  is  carried  past  the  niachine  by  the  conveyor.  The  sacks  are 
then  conveyed  to  a  storehouse  where  they  are  stacked.  A  port- 
able conveyor,  elevating  the  sacks  at  an  angle,  is  used  for  stack- 
ing the  sacks  high  above  the  floor. 

Stcffcus  Process — This  process  is  frequently  used  for  the  re- 
covery of  the  sugar  from  the  molasses  thrown  oflF  by  the  brown 
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sugar  centrifugal  machines.  The  molasses  is  diluted  with  water 
and  artificially  chilled  below  15  degrees  C.  Quick  lime  is  then 
added  in  small  portions,  the  total  quantity  being  about  equal  to 
the  weight  of  the  sugar  in  the  molasses.  No  reaction  of  the  lime 
takes  place  so  long  as  the  liquor  is  kept  cool.  The  lime  at  first 
goes  into  solution,  but  eventually  separates  as  a  tricalcium  sac- 
charate  (CaO)3CioH220ii,  containing  the  sugar  and  lime. 
The  mixture  is  then  passed  through  a  filter  press,  where  the  tri- 
calcium saccharate  is  filtered  off.  After  washing  the  precipitate 
it  is  conveyed  to  cold  and  hot  saccharate  mixing  tanks  for  re- 
moving the  sugar  from  the  lime.     Cold  water  is  first  added  which 


FIG.    10 — A   75    HORSF-I'OWtK,    I  IJS    K.P.M.    SQUIRREL-CAGE    MOTOR,    DRIVING    A 
SPECIAL  EXHAUST  FAN,  ALSO  A  LIME  PULVERIZER  ON  THE  FLOOR  BELOW 


dissolves  a  large  amount  of  the  sugar.  The  mixture  is  then 
pumped  into  another  tank  where  it  is  heated,  the  slacking  of  the 
lime  assisting  in  raising  the  temperature.  The  remaining  portion 
of  sugar  which  was  not  recovered  at  the  low  temperature  is  given  up 
at  the  high  temperature.  The  mixture  is  then  pumped  into  the 
defacation  tanks,  as  above  described,  where  the  sugar  in  the  mix- 
ture combines  with  the  raw  juice  from  the  diffusion  batteries,  and 
the  lime  is  used  for  the  defacation  process. 

POWER    REQUIREMENTS 

Of  ten  steam  engine   driven  beet  sugar   factories  visited  by 
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the  author  the  average  output  of  the  factories  in  terms  of  indi- 
cated horse-power  was   as   follows: — 

Indicated  horse-power  per  ton  of  beets  consumed  per  24  hrs. — 0.66. 
Indicated  horse-power  per  ton  of  sugar  output  per  24  hrs. — 5.3. 

These  figures  do  not  include  the  amount  of  power  required 

by  the  Stcffens  process  inasmuch  as  all  factories  do  not  employ  this 

system  of  reduction.     The  following  statement  of  the  actual  power 

required  for  a  completely  electrified  factory,  using  both  individual 

and  group  drive  allows  of  an  interesting  comparison. 

Horse-power  input  per  ton  of  beets  consumed  per  24  hrs. — 0.33. 
Horse-power  input  per  ton  of  sugar  output  per  24  hrs. — 2.2. 

The  comparison  indicates  the  losses  in  the  line-shafts,  belts 
and  various  forms  of  power  transmission  when  using  steam  en- 
gines for  driving  machinery.  With  electric  motors  properly  ap- 
plied the  power  consumption  should  not  be  over  one-half  of  that 
required   for  steam  engine  driven   factories. 

INDIVIDUAL    POWER    REQUIREMENTS    OF    SUGAR    MACHINES 

The  following  machines  vary  in  size  according  to  the  indiv- 
ual  requirements,  but  w^ill  serve  as  a  guide  as  to  the  average 
practice. 

Beet  Lift— 16  ft.  dia.  by  2  ft.  wide,  with  32  buckets,  12  in.  deep,  making 
four  r.p.m.,  driven  by  pinion  meshing  with  an  eight-foot  gear  on  lift.  Ten 
hoise-power  required,  constant  speed,  high  starting  torque. 

Beet  IVasher — 6  ft.  dia.  by  18  ft.  long,  with  thirty-two  24-in.  arms  or 
paddles.  Shaft  makes  14  r.p.m.  Seven  and  one-half  horse-power  required, 
constant  speed,  moderate  starting  torque. 

Beet  Elevator — 34  buckets,  22  in.  wide  by  17  in.  deep.  V-shaped,  70 — 
120  ft.  per  min.  Ten  to  20  horse-power  required,  constant  speed,  moderate 
starting  torque. 

Beet  5/iVrr— Capacity  50  tons  per  hour,  55  r.p.m.  Twenty-five  horse- 
power required,  constant  speed,  high  starting  torque. 

Cassette  Conveyor — Capacity  60  tons  per  hour,  belt  12  in.  wide  by  125 
ft.  long,  belt  speed,  250  ft.  per  min.  Five  horse-power  required,  constant 
speed,  light  starting  torque. 

Suc/ar  ,1/i.rrrj— Shaft  50  ft.  long,  12  in.  paddles,  speed  1.5  r.p.m.  Ten 
horse-power  required,  constant  speed,  moderate  starting  torque. 

Tube  Mill  or  Granulator — 6  ft.  dia.  by  30  ft.  long.  10  r.p.m.  Ten  horse- 
power required,  constant  speed,  high  starting  torque. 

Crystallicers — lo  ft.  dia.  by  16  ft.  long,  paddles,  4.5  ft.  long  secured  to 
driving  shaft  making  one  revolution  in  five  minutes.  The  power  required 
varies  considerable  during  the  cycle  of  operation,  the  amount  of  power  re- 
quired at  the  completion  of  the  operation  being  almost  double  that  at  the 
start.  For  this  reason  the  machines  are  best  driven  in  groups  of  from  four 
to  eight,  by  one  motor.  For  driving  an  individual  macliine  from  2.>  to  3 
horse-power  is  required  at  the  beginning  of  the  cycle,  and  five  horse-power 
at  the  end.  Since  the  complete  operation  may  require  60  hours,  a  motor 
must  have  sufficient  capacity  to  operate  at  maximum  capacity  continuously 
if  individually  driven.  Where  crystallizers  are  driven  in  groups  of  from 
four  to  eight  machines,  three  horse-power  per  crjstallizer  is  sufficient. 
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The  Sugar  Centrifugal  is  one  of  the  most  important  ma- 
chines in  sugar  making,  the  operating  conditions  being  very  se- 
vere, due  to  the  inertia  of  the  load  and  the  cycle  of  operations. 
The  time  required  for  the  complete  spinning  process  varies  with 
the  grade  of  sugar.  Ordinarily  one  man  can  operate  two  centri- 
fugals on  the  granulated  sugar,  and  up  to  four  centrifugals  on 
white  sugar.  When  these  machines  are  to  be  individually  driven, 
the  cycle  of  operation  must  be  known,  as  the  rating  of  the  mo- 
tors will  depend  upon  the  root  mean  square  value  of  the  power 
requirements,  and  the  torque  required  for  accelerating  in  a  given 
time.  The  average  cycle  of  operation  for  different  grades  of 
sugar  is  as  follows : — 

FINE   GRANULATED    SUGAR — GROUP   DRIVE. 

Filling — J4  speed   30  seconds 

Accelerating,  %  to  full  speed 10        " 

Full  speed   120        " 

Power  ofif,  retarding  by  braking 20 

Revolving  at  about  25  r.p.m 30        " 

Total  time   3  minutes,     30  seconds 

FINE   GRANULATED      SUGAR — INDIVIDUAL   DRIVE. 

Filling  basket,  revolving  by  hand 10  seconds 

Accelerating    100        " 

Full    speed    30        " 

Power  off,  retarding  by  braking 20 

Stop,  unloading  by  hand 60 

Total  time   3  minutes,     40  seconds 

COARSE   GRANULATED    SUGAR — INDIVIDUAL    DRIVE. 

Filling  basket,  revolving  by  hand 10  seconds 

Accelerating    '. 60 

Power  off,  retarding  by  braking 20        " 

Stop,  unloading"  by  hand 60 

Total    time    2    minutes,    30  seconds 

SOFT   WHITE   SUGAR — INDIVIDUAL   DRIVE. 

Filling  basket   25  seconds 

Accelerating    100 

Full    speed    IS  minutes 

Power    off,    braking 30  seconds 

Stop,  unloading  by  hand I45 

Total   time    20  minutes 

Centrifugal  machines  furnish  an  especially  good  proposition 
for  group  drive,  although  individual  drive  has  been  successfully 
used  to  a  much  lesser  extent.  The  character  of  the  load  is  very 
similar  to  that  of  a  fly-wheel,  so  that  with  these  machines  ar- 
rano-ed  in  a  group  and  driven  by  one  motor^  the  centrifugals  in 
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operation  will  help  to  bring  the  idle  machines  up  to  speed  and 
maintain  a  uniform  load  on  the  motor.  This  can  best  be  shown 
by  the  following  data,  taken  on  a  group  of  ten  40-inch  centrifugal 
machines,  driven  by  a  100  horse-power  motor. 

1  machine  starting   20.5  horse-power 

2  machines  starting,   i   at   full  speed 40.0  horse-power 

3  machines  starting.  3  at  full  speed 52.5  horse-power 

4  machines  starting,  4  at  full  speed 60.0  horse-power 

I  machine  at  full  speed 5.5  horse-power 

Owing  to  the  inertia  of  the  line  shaft  and  pulleys  the  peak 
loads  which  come  on  the  line  are  considerably  less  with  the  group- 
driven  centrifugals  than  with  those  direct-connected.  With  group 
drive,  the  motor  is  required  to  start  up  a  line  shaft  having  a  large 


FK;.    II — THREE  LIME   SIFTERS  AND  FIVE  STIRRING  TANKS   OPERATED   BY   A 
40   HORSE-POWER   SQUIRREL-CAGE    MOTOR 

This  is  part  of  the  Steffens  process  equipment. 

number  of  pulleys  and  hangers  so  that  the  inertia  to  be  overcome 
at  starting  is  quite  large,  requiring  a  motor  of  good  starting  char- 
acteristics. With  individual  drive  the  peak  load  is  about  eight 
times  the  normal  running  load ;  for  a  40-inch  machine  the  peak 
is  approximately  40  kw  input,  corresponding  to  about  40  hp  out- 
put, but  since  at  the  very  start  the  speed  is  zero,  the  horse-power 
is  zero,  therefore,  the  power  required  at  start  should  be  stated  in 
terms  of  pounds  torque  at  one  foot  radius.  The  starting  torque, 
together  with  the  root  mean  square  horse-power  for  the  cycle,  fur- 
nishes sufficient  data  for  determining  the  motor  required. 

The    speed    of    a    direct-connected    centrifugal    machine    in- 
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creases  very  rapidly  at  the  start  and  at  a  much  lesser  rate  as  the 
motor  approaches  synchronous  speed.  The  motors  are  usually  of 
the  squirrel  cage  type  with  high  resistance  end  rings  designed  to 
give  approximately  15  percent  slip  at  full  load,  but  since  full  load 
is  never  attained,  except  at  starting,  the  maximum  speed  attained 
by  the  centrifugal  is  almost  synchronous  speed.  In  nearly  every 
case  the  operation  is  completed  before  the  machine  has  attained 
its  highest  possible  speed. 

The  torque  necessary   for  starting  a  loaded  centrifugal  ma- 


FIG.    12 — A   4000-    POUND   FKi:i(.,HT   ELEVATOR   OPERATED   BY   AN    ELEVEN 
HORSE-POWER   SQUIRREL-CAGE  INDUCTION    MOTOR 

chine,  and  accelerating  it  to  a  given  speed  in  a  certain  length  of 
time  is  determined  by  the  following  formulae : — 

Let  T  =  Pounds  torque  at  one  ft.  radius. 

Let  W=  Weight  in  pounds  to  be  accelerated. 

Led  R  =:  Radius  of  gyration,  in  feet,  of  entire  mass. 

Let  N  =  R.  P.  M.  machine  will  attain  in  S   seconds. 

Let   S  =  Seconds  required  for  accelerating. 


Then  T= 


W  R\,27rN 


X 


'62.2  -"  60  S 

The  above  amount  does  not  take  into  consideration  friction 
and  windage  and  it  will  be  necessary  to  increase  the  output  thus 
obtained  by  ten  percent  in  order  to  obtain  the  required  starting 
torque. 

HOLLY    SUGAR    COMPANY 

A  notable  example  of  a  completely  electrified  sugar  factory 
is  the  Holly  Sugar  Company's  factory  at  Huntington  Beach,  Cali- 
fornia.    Work  on  this  plant  was  begun  January  1st,  191 1,  and  the 
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factory  was  finished  completely  and  placed  in  operation  July  28th, 
191 1.  This  plant  was  designed  for  a  capacity  of  600  tons  of 
beets  or  180000  pounds  of  sugar  per  twenty-four  hours.  The 
daily  output  for  the  first  campaign  averaged  732  tons  of  beets  or 
201  800  pounds  of  sugar.  The  output  has  increased  each  year, 
the  greatest  being  during  the  campaign  of  1912,  which  averaged 
1 130  tons  of  beets  consumed  and  339000  pounds  of  sugar  output 
for  twenty-four  hours. 

The  illustrations  which  accompany  this  article  were  all  taken 
at  the  plant  of  the  Holly  Sugar  Company,  and  in  Tables  I,  II 
and  III  is  presented  data  with  regard  to  the  motor  and  gen- 
erator requirements  and  also  the  power  consumption  at  this  plant. 
The  curves  shown  in  Figs,  i,  2.  3  and  4  show  the  power  consump- 
tion per  ton  of  beets  sliced ;  per  ton  of  sugar  output ;  and  the  maxi- 
mum, minimum,  and  average  kilowatt  demand  and  power-factor. 

tablp:  I— motor  data 

Hp  of  motors,  beet   machines    7^ 

Hp  of  motors,  sugar  machines    281 

Hp  of  motors,  pumps    207.5 

Hp  of  motors,  Steffens  plant    230.0 

Total  hp  of  .motors  installed  813.5 

Input  to  motors,  beet  machine    58.3 

Input  to  motors,  sugar  machines    268.3 

Input  to  motors,  pumps     18.4.3 

Input  to  motors,  Steffens  plant    (approx)    250.0 

Total  hp  input  to  motors  761.  i 

Total  rated  hp  capacity  of  motors  required   for  beet  ma- 
chines       64.0 

Total  rated  hp  capacity  of  motors  required  for  sugar  ma- 
chines    283.5 

Total  rated  hp  capacity  of  motors  required  for  pumps 103-0 

Total  rated  hp  capacity  of  motors  required  for  Steffen  plant.  250.0 
Total  rated  hp  capacity  of  motors  recpiired  for  entire  plant.  700.5 
Total  hp  output  of  motors  assuming  86  percent  efficiency..  670.0 

TABLE   II— HORSEPOWER   INSTALLED   PER   TON    OF 
BEET  SLICED  PER  24  HRS. 

Beet  machines    075 

Sugar  macliines    231 

Pumps    207 

Steffens  plant  250 

Entire   factory    314 

Beet  and  sugar  machines  356 

TABLE   III— HORSEPOWER   INSTALLED   PER   TON 
OF  SUGAR  PER  24  HRS. 

Beet  machines   0.469 

Sugar   machines    1.81 

Pumps     1.36 

Steffens  plant  1565 

Entire  factor^'    508 

Beet  and  sugar  machines  2.279 


THE  TUNGSTEN  LAMP  AND  ITS  DEVELOPMENT* 

DR.  ANTON  LEDERER 
General  Manager  and  Technical  Director 
Westinghouse  Metallfaden  Gluhlampenfahrik,  Vienna,  Austria 

NO  less  a  man  than  Justus  von  Liebieg  predicted  in  one  of 
his  "Chemical  Letters"  published  in  1844,  the  appearance 
of  an  incandescent  lamp  burning  without  air  and  flame. 
In  the  following  year  Grovef  published  a  description  of  an  elec- 
tric incandescent  lamp  consisting  of  a  platinum  wire  which  was 
brought  to  incandescence  in  rarefied  air,  the  latter  being  sealed 
off  by  water,  as  shown  in  Fig.  i.  The  current  supply  to  the 
platinum  spiral  was  produced  by  Grove  cells.  This  lamp  was  not 
practical  on  account  of  its  great  inefficiency,  the  surrounding 
media,  viz.,  air  and  water,  absorbing  heat  at  the  expense  of  energy 
somewhat  as  in  the  Nernst  lamp.     At  about  the  same  time  Moleyns 


FIG.     1 — EARLY    PLATINUM     WIRE    INCANDESCENT     LAMP 

described  a  platinum  lamp  consisting  of  a  spiral  L,  Fig.  2,  of 
platinum  wire,  rendered  incandescent  by  the  electric  current  led  in 
at  a  and  h.  In  order  to  increase  the  effect  of  incandescence 
Moleyns  provided,  above  the  platinum  spiral,  a  tube  with  finely 
powdered  carbon,  which  latter,  falling  on  the  platinum  spiral,  was 
burned  in  the  air,  thereby  producing  a  brighter  light.  Lamps  of 
this  description  could  not  be  of  any  value  for  illuminating  pur- 
poses as,  on  the  one  hand,  in  consequence  of  the  burnt  carbon,  a 
heavy  deposit  quickly  accumulated  on  the  glass  wall  M,  which  ren- 


*Translated  from  a  paper  read  at  the  Ninth  Annual  Meeting  of  the  Ver- 
einigung  Osterreichischer-Ungarischer  Elektrizitatswerke  in  Salzburg. 

tin  the  "Philosophical  Magazine"  of  1845,  Vol.  XXVII,  page  442. 


THE  TUNGSTEN  LAMP 


1167 


dered  them  uneconomical,  and  on  the  other  hand  the  platinum  wire 
aeteriorated  due  to  corrosion  by  the  carbon. 

In  the  years  1877-78  Sawyer  &  Mann  and  Edison  brought  out 
their  new  incandescent  lamp  in  which  a  glowing  body  consisting 
either  of  carbon  or  platinum  was  made  incandescent  by  means  of 
the  electric  current  in  an  evacuated  glass  vessel.  Sawyer  &  Mann 
must  be  considered  the  real  founders  of  the  carbon  incandescent 
lamp  industry.  They  were  the  inventors  of  the  so-called  "Flash- 
ing" of  filaments,  although  the  invention  was  accidental,  that  is  to 
say,  as  they  had  no  means  of  producing  a  vacuum  in  a  simple  way, 
they  took  refuge  in  illuminating  gas,  in  order  to  prevent  the  fila- 
ment from  being  consumed  by  the  oxygen 
of  the  air.  They  noticed  a  deposit  on  the 
filaments  of  such  lamps  which  led  them  to 
the  idea  of  illuminating  gas  to  equalize 
uneven  spots  which  often  occurred  in  the 
filament,  and  as  a  matter  of  fact  this 
method  of  treatment  by  depositing  an 
equalizing  carbon  layer  has  been  made  use 
of  up  to  the  present  day.  Edison,  who 
originally  started  with  metals,  in  the 
course  of  time  left  this  field  and,  in  the 
same  way  as  Sawyer  &  Mann,  proposed 
the  use  of  carbon  as  an  incandescent  body. 
Besides  the  above  named,  should  be  men- 
tioned first  of  all  Swan  who,  in  1879, 
carried  out  further  improvements  in  the 
carbon  lamp.  In  addition,  mention  must 
also  be  made  of  Star  and  King,  also 
Goebel  and  Lodyguine.  all  of  whom  have 
shared  in  the  development  and  improvement  of  the  carbon  lamp. 

Nevertheless  the  practical  use  of  the  carbon  lamp  is  due  to 
Edison.  Although  the  Kirchoflf  theory  as  regards  the  distribu- 
tion of  the  current  was  already  established  (1838,  1845,  ^^^47)' 
Edison  was  the  first  to  make  use  of  the  division  of  current  in  a 
practical  way.  He  was  the  first  to  start  electric  lighting  on  a 
large  scale.  In  1879  the  Mississippi  steamer  "Columbia"  had  been 
fitted  throughout  with  electric  light.  Thus  Edison  has  the  merit 
of  having  introduced  lighting  by  means  of  electric  incandescent 
lamps. 

It  should  not  be  forgotten  that  arc  lamps  were  known  previ- 
ous to  that  time  and  had  also  been  in  more  or  less  practical  use. 


b^^ 


FIG.     2 — PLATINUM     CAR 
BON    LAMP 
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Since  the  early  8o's  the  carbon  incandescent  lamp  has  quickly 
come  into  more  and  more  extended  use,  and  until  about  the  close 
of  the  90's  it  remained  supreme  in  the  electric  lighting  industry. 

In  1897  Nernst  brought  out  his  electric  incan- 
fj5  descent    lamp    containing    conductors    of    the 

J|l.  second  class  as  the  light  emitting  bodies.  This 

lamp,  however,  never  succeeded  in  becoming 
universally  popular,  most  probably  on  account 
of  difficulties  connected  with  its  use.  With 
such  lamps  advantage  can  never  be  taken  of 
all  the  available  energy,  a  considerable  portion 
being  diverted  to  the  atmosphere  in  the  form 
of  heat.  It  is  impossible  to  glow  the  Nernst 
incandescent  body  in  vacuo  on  account  of  the 
fact  that  it  is  thereby  disassociated.  Besides  an 
important  competitor  to  the  Nernst  lamp  soon 
appeared ;  Auer  von  Welsbach  discovered  that 
in  the  platinum  group  of  metals,  especially 
osmium,  were  particularly  suitable  bodies  for 
electric  lighting,  and  one  or  two  years  later 
he  introduced  the  osmium  lamp  on  the  market. 
In  1903  the  tantalum  lamp,  an  invention 
of  Werner  von  Bolton,  arrived,  and  finally,  in 
1905,  the  tungsten  lamp  made  its  appear- 
ance on  the  market  and  still  maintains  the 
preeminent  position  it  obtained  at  the  outset. 
Of  course,  it  should  not  be  forgotten  in  this 
connection  that  a  change  has  taken  place  in 
the  manufacture  of  tungsten  lamps,  drawn 
wire  now  being  substituted  for  squirted  fila- 
ments. As  regards  the  metal  tantalum,  it  was 
the  natural  method  from  the  first  to  produce 
drawn  wires  in  view  of  the  fact  that  this 
metal  lends  itself  without  difficulty  to  rolling 
and  drawing. 

The  value  of  any  material  for  the  pur- 
poses of  giving  light  depends  upon  its  radiat- 
ing properties.  The  spectrum  obtained  by 
splitting  up  sun  light  or  an  ordinary  source 
of  light  by  the  aid  of  a  prism  or  a  deflecting  screen,  as  in  Fig.  3,  is 
only  a  small  part  of  the  whole  spectrum,  which  contains,  besides  the 
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part  consisting  of  visible  rays  of  varying  wave  length  (from  0.4  to 
0.8m)  composing  the  seven  colors,  further  regions  invisible  to  the 
eyes.  The  limits  of  the  invisible  spectrum  extend  beyond  both  sides 
of  the  visible  one.  From  red  downwards  rays  of  increasing  wave 
lengths  are  found  up  to  341  m  (Rubens)  the  heat  rays  or  so-called 
ultra  red  rays.  Beyond  the  violet  region  of  the  spectrum  the  wave 
length  of  the  rays  decreases.     The  invisible  part  of  the  spectrum 


FIG.    4 — ENERGY    CURVE   OF    A 

ni.ACK  nODV 

A  =z  I  845  degrees  C. 

B  =:  I  68<)  decrees  C. 

C  =  I  48')  dcvjrces  C. 

D  =  I  3SS  degrees  C. 

E  =:  I  278  degrees  C. 

F  =  I  152  degrees  C. 

G  =  802  degrees  C. 


FIG.      5 — ENF,RGV      CURVE      OF 
POLISHED  PLATINUM 

A  =  I  646  degrees  C. 

3  =  1  460  degrees  C. 

C  =  I  250  degrees  C. 

D  =  I  o<)5  degrees  C. 

E  =     9f>8  degrees  C. 

F  =     904  degrees  C. 

G  =    72^  degrees  C. 


consisting  of  short  waves  is  called  the  ultra-violet  spectrum.  The 
ultra-violet  rays  arc  cliaractcrizcd  by  their  chemical  activity.  By 
their  means  photo-chemical  effects  are  obtained  and  they  are  of 
importance  for  the  vegetable  world  as  the  assimilation  of  plants 
is  due  to  their  influence. 

For  lighting  purposes,  as  will  easily  be  understood,  only  the 
visible  part  of  the  spectrum  is  of  importance.  Unfortunately 
gpion^  the  known  heat  radiating  bodies — and  these  alone  will  be 
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considered  here — there  is  none  that  radiates  visible  rays  exclusive- 
ly, when  heated,  that  is  to  say,  having  a  wave  from  0.4  to  0.8  m. 
As  a  rule  the  number  of  invisible  compared  with  visible  rays  radi- 
ated is  very  unfavorable  for  lighting  purposes,  as  the  former  ex- 
ceed by  far  the  visible  ones.  However,  not  all  bodies  show  the 
same  proportions  in  this  respect.  The  black  body,  although  its 
radiation  for  every  wave  length  is  superior  to  any  other  body,  is 
still  the  most  uneconomical  one  because  it  radiates  a  maximum  of 
energy  also  in  the  inv'sible  regions,  so  that  the  proportion  of  the 
number  of  invisible  rays  to  the  number  of  visible  rays  alsO'  repre- 
sents a  maximum.  Fig.  4  is  the  energy  curve  of  the  black  body. 
Fig.  5  is  that  of  platinum.  The  abscissae  in  both  cases  represent 
the  wave  lengths  in  microns,  whereas  the  ordinates  represent  the  em- 
issivity.  The  two  limits  of  the  visible  spectrum  are  shown  by  the 
broken  lines  at  0.4  and  0.8  m.  Both  the  curves  show  that  the 
proportion  of  the  number  of  invisible  ones  at  equal  temperature 
is  greater  with  the  black  body  than  with  platinum,  consequently 
platinum  radiates  more  selectively  than  the  black  body.  Lummer's 
remark,  that  the  process  of  obtaining  light  by  heating  the  black 
body  is  similar  to  the  foolish  attempt  of  striking  all  the  keys  of 
a  piano  in  order  to  sound  the  highest  octaves,  is  much  to  the 
point.  Therefore  the  endeavor  to  use  bodies  having  only  partial 
radiation,  i.  e.,  so-called  selective  radiators,  as  source  of  light  is 
the  only  correct  one. 

The  Lummer-Pringsheim  doctrines  with  regard  to  the  dis- 
tribution of  energy  in  the  spectrum  of  metals  imply  that  the  maxi- 
mum energy  progresses  in  proportion  to  the  sixth  power  of  the 
absolute  temperature  and  that  the  product  of  the  absolute  tem- 
perature and  the  wave  length  of  maximum  energy  is  constant.  It 
is  therefore  clear  that  bodies  which  are  capable  of  resisting  the 
highest  temperatures,  that  is  to  say,  bodies  having  the  highest 
melting  points,  must  form  the  most  advantageous  sources  of  light 
because,  first,  a  high  total  amount  of  energy  is  obtained  from 
them  and,  second,  their  maximum  of  energy  is  toand  with  short 
wave  lengths,  that  is  to  say,  to  a  greater  extent  within  the  visible 
region.  Obviously  this  fact  is  followed  by  the  question,  which  of 
known  substances  has  the  highest  melting  point. 

At  the  time  Auer  von  Welsbach  invented  the  Osmium  lamp 
the  Lummer-Pringsheim  doctrines  were  not  known,  nor  were  ex- 
act determinations  of  melting  points  available,  these  being  only 
lately  ascertained,  as  formerly  the  necessary  methods  and  appara- 
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tus  were  not  in  existence.  There  remained  no  other  key  than  the 
known  statements  of  L.  Meyers  and  Mendelejeff  on  the  periodic 
system  of  elements  which,  it  must  be  added,  are  based  to  a  great- 
er extent  upon  combinations  than  upon  the  results  of  practical 
experiments.     Fig.  6  shows  their  curve  representing  the  sequence 

of  related  elements  according  to 
their  atomic  weight  and  volume. 
In  a  purely  empirical  man- 
ner Auer  von   Welsbach   chose 
osmium,  which  seemed  to  have 
the  highest  melting  point  of  the 
known  metals.     Incited  by    his 
success,    experiments    were    ex- 
tended to  other  metals  with  an 
equal     result.       Thus    tantalum 
and   tungsten   came   to  be  used 
as  glowing    bodies    for    incan- 
descent lamps.    The  typical  way 
of     manufacturing     a     filament 
from    metals,    osmium    for    ex- 
ample, which  at  the  time  were 
termed   brittle  metals,    was    in- 
vented by  Auer.      His    method 
consists  in  mixing  osmium  in  a 
finely  divided  state  with  an  or- 
ganic binding  agent  to   form   a 
paste     from      which      filaments 
were      squirted.     The     squirted 
fikmients    are     subjected    to    a 
heating  process  in  vacuo  in  the 
course    of     which     the    carbon 
separates  from  the  organic  com- 
bination   in    which     it    is    con- 
J     tained  in  the  binder,  so  that  the 
filament     then     consists   of    os- 
«^     mium    and    carbon.      Then    the 
osmium-carbon  filament  is  subjected  to  the  action  of  an  electric  cur- 
rent or  to  a    high    temperature    in    an    atmosphere    consisting    of 
reducing    gases    in    excess    and    oxidizing    gases,    for    instance, 
steam,  (the  so-called  forming   treatment)    during   which    the   car- 
bon is  oxidized,  the   oxidation    of   the   metal   being   prevented    by 
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the  presence  of  the  reducing  gases.  At  the  time  when  Auer  made 
his  experiments,  the  commercial  manufacture  of  hydrogen  was 
hardly  known,  so  that  he  was  forced  to  obtain  the  required  reduc- 
ing gas  in  another  way.  For  this  purpose  he  invented  an  experi- 
mental arrangement  which  may  be  termed  classical,  in  which  he 
made  use  of  the  gas  from  a  Bunsen  burner,  which  had  lit  back. 

Fig.  7  shows  the  experimental  arrangement.  In  the  first 
place  the  exceedingly  simple  forming  apparatus  is  shown,  consist- 
ing of  an  India  rubber  stopper  with  the  leading  in  wires  and  a 
glass  bell  covering  the  same.  The  glass  bell  is  filled  with  reduc- 
ing gas  by  being  held  for  a  few  seconds  over  the  lit  back  flame 
of  a  Bunsen  burner.     In  the  atmosphere  thus   obtained  the  fila- 


FIG.   7 — EXPERIMENTAL   APPARATUS   FOR   PRODUCING   REDUCING   GAS 

ment  is  maintained  in  the  incandescent  state  until  it  has  acquired 
constant  electric  properties. 

With  tantalum  the  procedure  was  somewhat  dififerent.  This 
metal  could  be  rendered  ductile  by  previous  melting  and  then 
transformed  into  wire  by  rolling  and  drawing. 

With  regard  to  tungsten,  the  procedure  proposed  by  Auer  could 
be  followed  without  difficulty  although  the  quantity  of  oxidizing  gas 
had  to  be  considerably  reduced,  tungsten  being  much  more  read- 
ily oxidized  than  osmium.  The  glowing  process  was  carried  on 
in  hydrogen  to  which  small  quantities  of  oxidizing  gases,  for  in- 
stance steam,  were  added  to  eliminate  the  carbon.  Besides  this 
paste  process,  which  was  of  great  importance  in  the  manufacture 
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of  the  tUtigsten  lamp,  there  are  a  number  of  other  processes  in 
existence  by  which  a  pure  tungsten  lighting  body  can  be  obtained. 
In  this  connection  the  colloidal  process  must  be  specially  mention- 
ed, according  to  which  a  plastic  mass  is  obtained  from  colloidal 
(finely  divided)  tungsten  in  aqueous  solution.  The  character- 
istics of  colloid  are  as  follows : — By  the  term  "colloids"  are  under- 
stood substances  of  gelatinous  consistency.  They  differ  from  the 
so-called  crystalloids  by  their  small  diffusing  capacity.  It  follows 
that  colloids,  contrary  to  crystalloids,  which  form  real  solutions,  as 
for  instance,  sugar  and  water,  only  apparently  form  solutions, 
whereas  in  reality,  fine  particles  of  the  substance  are  suspended  in 
the  liquid,  which,  by  dint  of  mechanical  means,  for  instance  filtra- 
tion, may  be  separated.  A  correct  idea  may  be  formed  of  the 
colloids  if  the  degree  of  division  is  compared  to  the  fine  dust  par- 
ticles as  seen  floating  in  the  air  whenever  a  ray  of  sunshine  meets 
them  across  an  aperture.  An  example  of  a  colloidal  solution  is 
ink,  in  which  iron-tannin  is  contained  in  a  suspended  state  and 
forms  a  dense  residue  if  the  ink  dries. 

A  further  method  of  manufacturing  tungsten  filaments  con- 
sists in  the  substitution  process  which,  however,  was  never  em- 
ployed with  success.  It  was  replaced  by  the  so-called  coating 
process.  The  characteristic  feature  of  the  latter  is  that  tungsten 
is  deposited  on  a  carbon  filament,  the  carbon  being  subsequently 
eliminated  by  a  chemical  process  whilst  it  is  simultaneously 
brouglit  to  a  glowing  condition.  A  hollow  metal  filament  results 
which,  however,  has  the  drawback  of  great  unevenness.  This  is 
explained  by  the  fact  that  the  filament,  while  being  treated,  is  sin- 
tered more  effectively  in  some  places  than  others,  the  metal  walls 
frit  together  and  the  filament  shows  great  differences  as  far  as 
its  resistance  is  concerned.  This  is  the  reason  why  this  method 
was  discontinued  after  a  time  and  before  it  had  been  thorough- 
ly practised. 

Further  mention  must  be  made  of  a  certain  process  using 
oxide  of  tungsten  as  raw  material,  the  binding  agent  used  being 
eliminated  during  the  first  glowing  process  and  the  oxide  of 
tungsten  simultaneously   reduced. 

A  later  method  for  manufacturing  glowing  bodies  of  tungs- 
ten consists  in  converting  the  metal  which  was  formerlv  consid- 
ered  brittle  into  the  ductile  state,  producing  wires  thereform.  As 
far  back  as  1893  Moissan  described  tungsten  as  being  capable  of 
mechanical  working  but  only  within  recent  times  have  tools  been 
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discovered  to  draw  out  tungsten  into  thin  wires  suitable  for 
use  as  incandescent  bodies.  Various  methods  for  obtaining  this 
final  product  have  become  known.  However,  up  to  the  present 
little  has  transpired  in  this  connection,  so  that  only  one  method 
will  be  here  mentioned.*  This  method  consists  in  forming,  by 
pressure,  bars  from  suitable  tungsten  metal  powder,  sintering 
them  at  a  suitable  temperature,  whereupon  they  may  be  hammer- 
ed, rolled  and  drawn  whilst  in  a  more  or  less  heated  condition. 
There  is,  however,  nothing  new  in  this  method  of  mechanically 
producing  incandescent  bodies  for  electric  lamps  from  brittle,  in- 
tractable and  highly  infusible  metals.  For  example,  Staite,  in 
the  year  1848,**  produced  and  exhibited  electric  incandescent 
lamps  in  which  the  glowing  body  was  formed  of  a  spiral  of  irid- 
ium. He  made  his  spirals  from  powdered  iridium  or  compounds 
of  this  metal  which  he  sintered  or  melted  together  and  from  this 
ingot  he  manufactured  bodies  of  the  requisite  dimensions  by  re- 
peated mechanical  treatment  while    the    metal    was    in    a    highly 

TABLE  I 


Tungsten 
20  mm.  diam. 

Steel 
20  mm.  diam. 

Tungsten 
0.1  mm.  diam. 

Tensile  strength 

240  kg/mm  2 

37  600  kg/mm8 

9  000  kg/mm  2 

80-130  kg/mm 2 

22  800  kg/mm  s 

8  500  kg/mm  2 

265  kg/mm  2 
38  800  kg/mm* 
10  400  kg/mm* 

Coef.  of  elasticity 

Torsional  coefficient 

heated  condition.  The  mechanical  treatment  consisted  of  ham- 
mering and  rolling,  the  metal  being  heated  between  and  during 
each  of  these  operations,  which  were  continued  until  the  metal 
was  rendered  sufficiently  ductile. 

Drawn  tungsten  wire  has  the  advantage  of  greater  durability 
as  compared  with  a  squirted  filament.  This  advantage  is  appar- 
ent, not  only  in  connection  with  the  transport  and  use  of  the 
lamp,  but  also  during  the  process  of  manufacture.  Tungsten 
wire,  as  far  as  its  strength  is  concerned,  is  not  only  superior  to 
the  squirted  tungsten  filament  but  also  to  other  materials  such  as 
steel,  which  may  be  seen  from  Table  I.  In  this  connection  the 
strength  of  every  material  increases  with  a  diminishing  diameter. 
For  instance,  the  values  for  tungsten  wire  of  o.i  mm  diameter  are 
as  shown  in  the  third  column  of  Table  I.  With  a  diameter  of 
0.07  mm.  the  tensile  strength  even  increases  to  480  kg/mm^.     In 


*Brit.  Patent  No.  23,499 — Thomson-Houston  Company,  dated   1909. 
**Brit.  Patent  No.  12,212—1848. 
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order  to  determine  the  tensile  strength  of  steel  as  well  as  tungs- 
ten a  testing  apparatus  may  be  employed,  based  on  the  principle 
of  a  spring  balance. 

With  pure  tungsten  incandescent  bodies,  a  disadvantageous 
crystallization  phenomenon  has  been  observed  to  take  place,  more 
especially  if  alternating  current  is  employed.     It  is  a  well-known 


FIG.  8 


FIG.    9 


FIG.    10 


FIG.    II 


fact  that  it  is  not  necessary  in  order  to  crystalize  a  body  that  it 
should  be  melted  or  completely  dissolved  but  mechanical  and  ther- 
mal influences  suffice  to  bring  about  this  modification.  In  the 
case  of  tungsten  incandescent  lilaments,  which  are  exposed  to 
very  high  temperatures,  crystallization  takes  place  in  a  compara- 
tively short  time.  When  used  with  direct  current  the  thickenings 
and  wrinkles  appear  only  in  a  longitudinal  direction.     When  burn- 


1 176 


THE  ELECTRIC  JOURNAL 


ed  on  alternating- current  circuits,  the  adjacent  surfaces,  owing  to 
the  dynamic  influence  of  the  surrounding  magnetic  field,  are  sub- 
jected to  a  sliding  movement  which,  if  it  takes  place  in  a  direc- 
tion perpendicular  to  the  axis  of  the  filament,  causes  considerable 
displacements  of  some  parts  of  the  filament,  which  eventually  lead 
to  their  being  separated,  as  shown  in  Fig.  10. 


FIG.  12 


FIG.  13 


FIG.   14 

It  has  been  found  that  this  drawback  may  be  avoided  by  cer- 
tain additions  of  compounds  of  the  rare  earth  metals.*  With 
such  additions  the  tungsten  incandescent  body  may  be  used  equal- 
ly well  with  alternating  and  direct  current,  be  it  a  filament  or 
wire.  In  this  connection  an  essential  improvement  of  the  squirt- 
ed   filaments    with    such    additions    as    regards    their    mechanical 


*Austrian  Patent  No.  41,247,  Westinghouse  Aletallfaden  Gliihlampenfa- 
^lik,  dated  1906, 
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structure  may  be  mentioned.  Such  filaments,  contrary  to  the  or- 
dinary squirted  filaments  are  quite  ductile  in  the  cold  state.  The 
disintegration  due  to  crystallization  also  takes  place  with  tantalum 
filaments.  In  order  to  illustrate  the  differences  in  the  conduct 
of  various  types  of  filaments  some  microphotographs  of  tungsten 
filaments  are  given.     Fig.  8  represents  an  ordinary  squirted  tungs- 

TABLE  II 


Material 

Atomic 
Gravity 

Atomic 
Volume 

Specific 
Gravity 

Spec. 
Heat 

Spec. 
Res. 

Temp. 

Coef. 

0  XIO" 

Carbon  

Osmium 

12 
190.9 

3.6 

8.5 

14.3 

15.5 

3 

22.48 

0.1318 
(in.illS 

25 
0.095 
0.165 
0.0=>5 

-•.3 
+  3.7 
+  2.9 
+  4.3 

Tantalum  

181.5 
181 

16.8       n  o:^fi5 

Tun>{sten  

19.1 

0.('336 

ten  filament  previous  to  being  burnt,  Fig.  9  shows  the  same  after 
600  and  Fig.  10  after  1  000  hours  burning,  the  two  latter  figures 
shewing  the  characteristic  structure  for  the  alternating  current. 
For  comparison's  sake  Fig.  11  shows  a  filament  after  1000  hours 
burning  with  a  direct  current.  Fig.  12  shows  a  filament  with  an 
addition  of  rare  earth  metal  after  i  000  hours  burning  without 
any  detrimental  displacement,  in  spite  of  alternating  current  hav- 
ing been  used.  (No  filament  previous  to  being  burnt  has  been 
represented  here  inasmuch  as  its  appearance  does  not  dififer  from 
that  of  the   ordmary   filament).     Finally,    Figs.    13   and    14  show 


TABLE  III 

Material 

1 

WHtts  ner  ^^*'° 
VVHttsper    J  , 

Hefner    ,        ,  , 
,.       ,,       tocoul 

^^"'^•*^    1  Res. 

Temp.    "^f"5^ 
Coef       ^«"dles 

mm 

Temp,  of 

incan- 
descence 

Melting  point 

Carbon  

Osmium 

Tantalum  

Tungsten    

3.5 

1.5 

l.fi 
1.15 

0.5 
8.94 

6.07 
12.12 

-  0.3 
+  3.7 

+  2.9 
+  4.3 

O.IM 
0.331 

0.307 
0.441 

180«. 
1900 

1700 
2150 

Infusible 

250O 

(Pictet) 

22.50-2:io0 

( Bolton ) 

2740  (Pirani) 

?794-v6=>3 
(Wartenberg) 

tungsten  wires  previous  to  and  after  being  used  with  alternating 
current  The  characteristics  of  the  materials  which  up  to  now 
have  been  taken  into  consideration  in  connection  with  incandescent 
lamps  are  given  in  Tables  II  and  III.  It  must  be  observed  that 
osmium,  which,  as  is  known,  belongs  to  the  metals  of  the  platinum 
group,  is  an  exceedingly  expensive  material,  this  being  explained 
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by  the  fact  that  it  is  only  found  in  platinum  mines  (Ural)  in  ex- 
tremely small  quantities.     It  was  discovered  by  Tennant  in  1803. 
Tantalum  was  discovered  by  Eckenburg  in   1802  and  chiefly 
appears  as  tantalite.     This  metal  likewise  belongs  to  the  rare  ele- 
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FIG.     15 — CHARACTERISTIC    CURVES    OF    THE    TUNGSTEN    LAMP 

ments,  but  is  by  no  means  as  scarce  as  osmium.  Tungsten,  which 
was  discovered  by  Scheele  in  1781  belongs  to  the  elements  which 
are  comparatively  common.  It  is,  however,  nowhere  found  in  the 
pure  state.     It  chiefly  occures  as  Scheelite  (a  calcium  compound), 
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then  as  Wolframite  (iron-tungstate)  and  Hiibnerite  (manganese 
tungstate).  Its  use  for  special  grades  of  steel  is  quite  well  known, 
and  its  use  in  this  direction,  in  comparison  to  its  use  in  the  incan- 
descent lamp  industry,  is  enormous. 

In  conclusion  a  few  words  may  be  added  with  regard  to  pho- 
metering  lamps.  The  tungsten  lamp  in  addition  to  its  great  econ- 
omy of  current  compared  with  the  carbon  lamp  has  the  advant- 
age of  being  less  influenced  by  varying  voltages  than  the  latter. 
The  curves  in  Fig.  15  show  the  connection  between  voltage  on 
the  one  hand,  watt  consumption  and  light  intensity  on  the  other 
hand.*  The  curve  is  used  in  the  following  way : — starting  from 
a  given  meaurement,  the  constant  indicated  for  every  other  volt- 
age (in  percentages  of  the  normal  voltage)  may  be  read  from  the 
curve,  whereupon  the  normal  candle-powder  and  the  normal  watt 
consumption  respectively  are  multiplied  by  the  constant  in  ques- 
tion. Thus  the  values  belonging  to  the  desired  voltage  are  ob- 
tained 

The  normal  rating  of  a  lamp  is,  for  instance,  1 10  volts,  32 
c.p.,  1. 12  watt,  35.84  total  watts.  The  measurement  is  required 
for  99  volts,  that  is  90  percent  of  the  voltage.  The  constant  for 
the  luminous  intensity  according  to  the  curve  for  90  percent  of 
voltage  amounts  to  0.67,  therefore,  the  luminous  intensity  = 
32  X  0.67  =  21.44  c.p. 

From  the  historical  statements  given  it  will  be  seen  that  the 
existence  of  the  metal  filament  lamp  is  due  to  Auer  von  Welsbach. 
He  has  been  the  pioneer  not  only  in  the  development  of  the  in- 
candescent gas  light  but  also  in  that  of  the  metal  filament  lamp, 
and  if  the  tungsten  lamp  has  today  reached  a  very  important  po- 
sition, this  must  be  ascribed  to  him  and  he  merits  our  warmest 
thanks. 


♦According  to  Keil. 


PRODUCTION  SYSTEMS  FOR  LARGE  MANU- 
FACTURING CONCERNS 

A.  B.  REYNDERS, 

Director  of  Production 
Westinghouse  Electric  &  Mfg.  Company 

This  is  the  seventh  of  a  series  of  articles  on  the  general  subject  of 
works  management.  Previous  articles  in  this  series  appeared  in  the 
April,  May,  June,  August,  September  and  October  issues. 

IN  every  manufacturing  company  there  must  be  some  one  to  in- 
dicate to  the  customer  when  he  will  receive  the  apparatus  he 
has  ordered.  In  a  small  concern  this  person  is  usually  the 
proprietor.  As  the  concern  increases  in  size,  the  proprietor,  not 
having  the  time  to  familiarize  himself  with  the  details  of  all  or- 
ders in  the  factory,  delegates  the  giving  of  dates  of  delivery  to 
the  foreman  or  the  superintendent.  As  the  business  develops 
into  large  proportions,  there  is  usually  a  separately  organized 
production  department  whose  duty  it  is  to  furnish  these  delivery 
dates  to  all  customers. 

As  one  of  the  prime  functions  of  such  a  department  is  to 
give  dates,  it  cannot  fulfill  this  function  satisfactorily  unless  a 
carefully  worked  out  system  is  followed,  based  upon  an  intimate 
knowledge  of  the  construction  of  the  various  lines  of  apparatus 
being  manufactured.  The  more  nearly  guess  work  is  eliminated 
and  instead  all  orders  planned  through  the  various  steps  of  man- 
ufacture, taking  into  account  the  delivery  of  material,  the  sooner 
will  the  manufacturing  company  earn  a  reputation  for  living  up 
to  its  promises  and  thus  attract  important  business  at  a  profit  in 
excess  of  that  obtained  by  its  competitors. 

A  system  which  accomplishes  this  result  must  take  care  of 
the  customer's  requirements  in  two  states : — 

I — Preliminary  to  receipt  of  the  contract. 

2 — After  the  contract  has  been  obtained. 

The  foregoing  statements  are  general,  and  apply  to  all  large 
manufacturing  concerns ;  while  the  following  description  outlines 
briefly,  the  system  in  general  use  at  the  East  Pittsburgh  Works  of 
the  Electric  Company. 

Usually  the  first  knowledge  the  factory  obtains  of  prospec- 
tive business  is  an  inquiry  from  a  district  office  salesman  for  a 
price  and  delivery  on  some  particular  apparatus.  In  order  that 
the  advice  furnished  on  this  iniquiry  may  be  on  record  and  later 
connected  with  the  contract,  should  it  be  secured,  it  is  usual  to 
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have  a  card  made  out,  known  as  a  production  estimate  card,  which 
contains  a  description  of  the  apparatus  and  the  performance  re- 
quired by  the  customer.  This  card  is  given  a  serial  number  and 
forwarded  to  the  engineering  department,  where  features  of  the 
mechanical  construction,  such  as  new  parts,  new  patterns,  draw- 
ings, etc.,  are  added.  The  card  is  now  forwarded  to  the  depart- 
ment in  the  factory  where  the  apparatus  is  to  be  assembled  and 
the  length  of  time  required  by  the  factory  to  manufacture  is  add- 
ed. The  card  is  then  sent  to  the  sales  department  who,  taking 
the  length  of  time  given  by  the  factory  and  adding  thereto  an  al- 
lowance for  shipping,  entry  of  order,  etc.,  quote  the  total  number 
of  days,  after  receipt  of  the  contract,  for  delivery  of  apparatus. 
No  calendar  dates  are  given  in  this  preliminary  stage,  but  only 
number  of  days.  The  reason  for  this  procedure  is  that  usually 
a  contract  is  not  closed  immediately,  but  may  require  several 
weeks  or  even  months,  and  a  calendar  date  can  easily  be  given 
when  the  contract  is  closed. 

Immediately  upon  receipt  of  a  contract  at  the  factory,  it  is 
reviewed  by  the  engineering  department  to  see  that  the  various 
pieces  of  apparatus  specified  will  operate  satisfactorily  together 
and  will  fulfill  the  requirements  of  the  contract.  Just  as  soon  as 
this  is  done  and  all  questions  affecting  the  design  and  performance 
are  settled,  a  general  or  shipping  order  is  entered,  itemizing  there- 
on each  piece  of  apparatus  wanted  by  the  customer  and  the  delivery 
date  quoted  to  him.  This  order  is  sent  to  the  storekeeper  and  he 
indicates  thereon  all  items  which  are  in  stock,  and  enters  manufac- 
turing orders  for  all  items  not  in  stock.  The  general  order  is  then 
forwarded  to  the  shipper  and  is  used  by  him  to  check  the  items  when 
packing  and  shipping. 

Up  to  this  point  the  production  department  is  not  actively 
involved,  but  just  as  soon  as  the  storekeeper  enters  a  manufactur- 
ing order  (having  the  same  delivery  date  specified  thereon  as  is  given 
on  the  general  order),  it  is  taken  up  by  the  production  department 
and  every  movement  is  followed  until  the  completed  apparatus  is  de- 
livered to  the  shipper.  A  manufacturing  order  is  known  as  a  stock 
order  or  shop  order  and  is  numbered  serially.  Copies  of  each  or- 
der are  sent  to  various  sections  in  the  factory  and  to  the  engi- 
neering department. 

The  copy  for  the  engineering  department  is  sent  to  the  pro- 
duction clerical  force,  which  follows  all  the  work  in  that  depart- 
ment, who  attach  thereto  a  copy  of  the  production  estimate  card 
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and  send  both  to  the  designing  engineer  in  charge  of  the  particu- 
lar apparatus.  A  date  in  line  with  the  production  estimate  card 
is  given  when  the  engineer  is  to  finish  his  specifications  for  mak- 
ing the  drawings.  A  "tickler"  card  is  used  to  follow  this  date. 
Just  as  soon  as  the  engineer  completes  his  work,  this  same  pro- 
duction organization  takes  the  design  specifications  prepared  by 
the  engineer  to  the  drawing  offices,  where  dates  are  made  for  all 
drawings  which  are  new.  All  old  drawings  and  specifications  are 
sent  immediately  to  the  engineering  clerks,  who  write  upon  sheets 
a  list  in  detail  of  all  material  for  making  the  parts  specified  on 
these  drawings  and  specifications,  route  in  detail  where  each  piece 
is  to  be  made  in  the  factory,  and  order  the  necessary  blue  prints. 
Copies  of  these  sheets  are  sent  to  the  storekeeper  for  ordering 
all  raw  material  not  in  stock  and  at  the  same  time  all  of  the  other 
sheets  are  sent  to  the  assembly  section  in  the  factory,  from  whence 
they  are  distributed  to  the  feeder  sections  as  mentioned  below. 
For  the  new  drawings  which  are  to  be  made,  promises  for  dates 
of  completion  in  line  with  the  production  estimate  are  sent  to 
the  assembly  section  of  the  factory.  Just  as  soon  as  the  new 
drawings  are  completed,  they  are  turned  over  to  the  engineering 
clerk,  who  proceeds  to  write  up  the  material  specifications,  etc., 
the  same  as  for  old  drawings. 

Immediately  upon  receipt  of  the  information  sheets  or  prom- 
ises in  the  assembly  section  of  the  factory,  the  production  clerk, 
starting  with  the  delivery  date  specified  on  the  order,  lays  out  back- 
ward in  detail  the  entire  job,  and  specifies  on  his  layout  when 
each  piece  of  material  is  to  be  brought  into  his  section,  and  a 
date  for  completition  of  work  on  each  piece  in  such  a  manner 
that,  assuming  each  date  is  to  be  kept,  all  pieces  will  come 
together  at  the  proper  time  to  meet  the  shipping  date  for  the  com- 
plete apparatus.  The  items  on  the  sheets  for  the  feeder  sections 
are  then  dated  in  accordance  with  the  layout  and  the  sheets  for- 
warded to  the  feeders.  The  feeder  section  proceed  in  the  same  man- 
ner to  lay  out  their  work,  using  the  delivery  date  specified  by  the  as- 
sembly section  as  a  basis.  This  is  the  most  important  work  that  has 
to  be  done  by  the  production  clerks,  as  it  requires  a  knowledge  of 
the  construction  of  the  apparatus  in  detail ;  the  length  of  time 
required  to  perform  the  machining  operations,  the  right  time  to 
bring  in  castings  and  other  raw  material,  etc.  This  task  can  be 
best  realized  when  one  takes  a  walk  through  the  factory  and  no- 
tices material  in  all  forms  and  all  conditions  of  completion  lying 


PRODUCTION  SYSTEMS  1183 

about  on  the  floor  and  then  thinks  that  each  piece  must  be  lo- 
cated and  brought  through  to  mate  with  the  other  material.  Also 
the  work  must  be  so  planned  that  each  machine  tool  and  work- 
man will  be  kept  busy  at  the  maximum  efficiency. 

For  the  purpose  of  making  the  layout  in  the  minimum  time, 
various  printed  forms  are  used.  To  give  examples  of  these 
forms  and  describe  their  details  here  would  be  of  little  general 
interest.  In  the  many  publications  on  "Scientific  Management" 
or  "Efficiency  Engineering,"  forms  of  almost  every  conceivable 
arrangement  may  be  found  and,  although  many  of  these  forms 
possess  merit,  there  is  a  great  tendency  to  build  up  a  system  of 
forms  only  and  eliminate  the  human  element  of  interest  and  re- 
sponsibility. It  may  be  stated  as  a  fundamental  principle  that  the 
use  of  printed  forms  in  production  work  is  justified  whenever 
time  and  money  are  saved.  If  the  work  can  be  executed  before 
it  can  be  planned  out  on  paper,  any  of  the  so-called  efficiency  sys- 
tems leased  upon  the  use  of  forms,  printed  in  special  inks,  with 
one  certain  kind  of  type  and  prescribed  sizes  and  colors  of  paper, 
hinders  rather  than  assists  production.  Time  is  the  best  test  of 
any  of  these  paper  systems.  It  matters  little  who  is  the  origina- 
tor of  the  system  or  who  may  be  interested  in  its  adoption,  un- 
less there  is  real  merit,  the  whole  structure  gradually  changes  and 
the  useless  appendices  fall  into  disuse. 

The  proper  layout  is  dependent  upon  a  previously  determined 
sequence  of  operations  and  length  of  time  for  performing  each 
operation.  This  work  is  usually  accomplished  by  one  or  more 
men  (skilled  mechanics  or  machine  operators)  by  inspecting  the 
drawings  or  specifications.  The  best  method  of  doing  the  work, 
the  sequence  of  operations,  the  machine  tools  best  suited,  the 
length  of  time  required  for  the  first  operation  and  each  one  there- 
after, must  be  determined  by  them  and  the  results  furnished  to 
the  production  clerk  making  the  layout.  In  many  cases  if  this 
information  is  lacking,  the  production  clerk  must  rely  upon  his 
experience  with    former  jobs  of  a  similar  nature. 

After  all  this  planning  has  been  performed,  it  is  then  neces- 
sary to  execute  the  plan.  One  method  in  use  for  accomplishing 
this  consists  in  furnishing  to  the  foremen  a  list  of  the  work  they 
are  to  perform  with  the  dates  for  the  completion  of  each  job. 
It  will  readily  be  seen  that  this  list  can  easily  be  prepared  from 
the  tickler  file  or  from  the  diary,  which  will  be  described 
later.     Although  this  method  is  quite  efficient  where  the  foreman 
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is  handling  a  few;  orders  and  has  under  his  jurisdiction  but  a  few 
men  and  machine  tools,  it  becomes  quite  burdensome  when  the 
number  of  orders  is  large.  To  handle  such  a  condition  it  has 
been  found  advisable  to  introduce  what  is  known  as  the  "dispatch 
board."  Briefly,  this  consists  of  a  board  having  hooks  fastened 
thereto  for  each  machine  tool,  bench,  vice  or  operator.  The  time 
slips  for  each  operation  on  a  piece  are  prepared  as  soon  as  en- 
gineering information  is  received  and  are  held  until  the  material 
is  received.  Just  as  soon  as  the  material  is  received,  these  time 
slips  are  dated  in  line  with  the  layout  sheet  previously  mentioned 
and  all  slips  for  one  piece  are  fastened  together  and  placed  on 
the  hook  representing  the  machine  tool  upon  which  work  is  to 
be  started.  This  set  of  time  slips  is  arranged  on  the  hook  in  re- 
lation to  the  other  time  slips  according  to  the  dates  on  the  first 
slips."  Whenever  the  workman  wants  a  new  job,  he  goes  to  the 
dispatch  board  and  turns  in  his  time  slip  for  the  job  just  com- 
pleted. The  dispatcher,  noting  the  machine  tool  number  on  the 
old  slip,  removes  from  the  hook  on  the  board  bearing  the  same 
number,  the  remaining  time  slips  of  the  set  and  hands  to  the  work- 
man the  first  slip  for  the  next  set  on  the  same  hook,  as  the  next 
job.  The  old  time  sb'p  is  turned  over  to  the  timekeeper  and  the 
remaining  time  slips  of  the  set  are  transferred  to  the  hook  represent- 
ing the  next  machine  tool.  By  this  means  the  foreman  is  relieved 
of  all  clerical  work  in  assigning  jobs  to  the  workman.  Moreover 
the  board  offers  a  quick  means  to  the  eye  for  the  foreman  to 
get  a  comprehensive  idea  of  the  amount  of  work  on  hand  at  any 
time.  Again,  by  adding  up  the  time  allowed  for  performing  the 
operations  on  all  time  slips,  it  is  an  easy  matter  to  obtain  the  num- 
ber of  hours  work  ahead  of  each  machine  tool,  and  thus  either 
obtain  additional  equipment  or  requisition  the  work  to  other  de- 
partments to  prevent  a  congestion  or  the  breaking  of  dates.  In 
the  matter  of  purchasing  additional  equipment,  this  feature  is  of 
great  value,  as  the  actual  number  of  hours  work  ahead  can  be 
obtained  instead  of  relying  upon  the  opinion  of  some  one  that  the 
equipment  is   needed. 

The  dispatch  board  is  the  most  spectacular  instrument  con- 
nected with  the  production  system.  Its  functions  and  merits  have 
often  been  exaggerated  until  in  many  cases  the  impression  has 
been  obtained  that  the  dispatch  board  is  the  whole  system  and, 
as  soon  as  it  is  installed,  all  difficulties  will  be  eliminated  and  the 
whole  department  will     operate  like  a  well  cut,  well  oiled  set  of 
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gears.  This  impression  has  often  led  to  disastrous  results  and 
only  by  the  strenuous  efforts  of  experienced  and  efficient  opera- 
tors has  the  situation  been  saved.  The  dispatch  board  is  only  the 
instrument  for  executing  previously  planned  work.  If  the  layout 
is  not  properly  prepared,  the  dispatch  board  cannot  operate  sat- 
isfactorily. If  the  proper  support  and  interest  is  not  taken  by 
the  foreman  and  production  clerks  in  the  operation  of  the  dis- 
patch board,  it  is  impossible  to  obtain  results,  instead  of  the 
board  directing  the  work  on  the  floor,  it  will  degenerate  into  a 
record,   following  instead  of  leading  the  floor. 

In  addition  to  a  production  system  which  is  capable  of  tak- 


DELIVERY  EFFICIENCY-SECTION . 

APPARATUS  MONTH  Of /tb__  J9IJ 

y\C:  3 — DELIVERY  EFFICIENCY  CHART 

ing  care  of  the  minutest  detail,  there  is  wanted  by  the  manage- 
ment and  those  in  charge,  some  quick  method  of  determining 
whether  the  factory  is  producing  the  quantity  required  and  if  it 
is  producing  the  right  quantity  at  the  right  time.  Like  an  adver- 
tisement on  a  bill  board,  this  method  must  convey  the  desired  in- 
formation in  an  interesting  manner  and  without  the  necessity  for 
any  greater  mental  exertion  on  the  part  of  the  user.  Such  informa- 
tion is  usually  available  in  the  office  of  the  director  of  production  and 
consists  of  graphical  records  made  up  of  a  series  of  charts. 

For    outj^uts.  these  charts    are    known  as  load  diagrams  and 
contain  lines  indicating   for  each   day   the  total   number  of   units 
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on  order  not  delivered  to  the  shipper,  the  number  of  units  wanted 
each  day,  and  the  number  of  units  actually  delivered  each  day, 
as  shown  in  Figs,  i  and  2.  For  showing  how  dates  given  to 
customers  are  being  met,  there  is  a  delivery  efficiency  chart. 
On  this  chart  are  plotted  curves  showing  the  daily  percent  of  dates 
kept,  the  average  percent  of  apparatus  shipped  on  time  for  the  past 
thirty  days  and  the  percent  of  overdue  orders  on  hand,  as  shown  in 
Fig.  3.  Copies  of  these  charts  are  distributed  throughout  the  vari- 
ous factory  sections.  Great  interest  is  taken  by  the  superintendents, 
assistant  superintendents,  general  foremen  and  foremen  in  improv- 
ing the  records  as  plotted  daily,  and  by  means  of  a  periodical  inter- 
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change  of  records  a  certain  amount  of  friendly  rivalry  is  stimulated 
between  sections,  each  striving  to  excel  the  other. 

The  efficiency  record  is  compiled  by  maintaining  in  each  fac- 
tory section  a  diary,  which  consists  of  a  book  having  a  date 
assigned  to  each  page,  as  shown  in  Fig.  4.  All  orders  due  for 
completion  on  that  day  are  recorded  on  the  page,  and  just  as  soon 
as  they  are  completed  the  completion  dates  are  marked  thereon. 
This,  it  will  be  readily  seen,  is  equivalent  to  a  tickler  which  does 
not  advance.  A  record  of  this  kind  in  each  section  very  quickly 
shows  the  old  orders  uncompleted  and  is  of  great  value  to  the  section 
in  getting  these  orders  completed. 


SHOP  TESTING  OF  ELECTRICAL  APPARATUS— XI 

ALTERNATING-CURRENT  GENERATORS  AND 
SYNCHRONOUS  MOTORS 

PRACTICALLY  all  present  day  alternators  are  of  the  revolving 
field  type,  and,  while  most  of  the  tests  described  herein  are 
also  applicable  to  the  revolving  armature  type,  it  will  be  un- 
derstood that  in  the  following  discussion  only  the  revolving  field 
type  of  synchronous  alternator  is  considered.  The  test  data  in  this 
article  is  that  obtained  from  a  complete  engineering  test  on  a  2  140 
k.v.a.  three-phase,  50  cycle,  6  300  volt,  300  r.p.m.  alternating-cur- 
rent generator,  which  was  part  of  a  motor-generator  set. 

MECHANICAL  INSPECTION 

Careful  mechanical  inspection  should  be  made  during  the  erec- 
tion and  first  running  test  of  the  machine.  The  collector  rings  must 
run  true  and  be  smooth  and  clean  ;  the  brushes  must  be  set  in  the  cen- 
ter of  the  collector  rings  and  so  fitted  that  the  bearing  surface  con- 

TABLE  I— RESISTANCES 


Armature   Resistance   in   Ohms 

Field  Resistance  in  Ohms 

Phase 

1-2 
1-3 
2-4 

At  16  deg.  C. 

At  25  deg.  C. 

Volts 

Amperes 

At  16.5  deg.  C. 

6  6  6 

0.1024 
0.1026 
0.1025 

46.5 
43.5 
40.0 

37-3 

69.5 
61.6 

56.8 
52.8 

0.697 

0.695 
0.692 

0.693 

Temperature  Coefficient  at  16      deg.  C 1.0355 

Temperature  CocfTicitnt  at  16.5  deg.  C 10334 

A\erape  .-\rmature  Resistance  at  25  deg.  C 0.1025  ohms 

Average  Field  Resistance  at  16.5  deg.  C 0.694     ohms 

Average  Field  Resistance  at  25     deg.  C 0.718    ohms 

forms  to  the  curv^ature  of  the  rings.  When  using  leaf  copper 
bruslies  the  tension  must  be  adjusted  so  that  the  brushes  have  a 
sufficient,  but  not  excessive  pressure,  and  the  rings  should  be  lubri- 
cated occasionally  with  a  very  small  amount  of  oil  to  prevent  "cut- 
ting." When  carbon  bru.shcs  are  used  they  must  be  ground  in  the 
direction  of  rotation  and  the  tension  properly  adjusted. 

POLARITY 

Before  the  running  tests  are  taken  the  polarity  of  the  field 
coils  must  be  checked  by  any  of  the  methods  previously  described* 
that  are  applicable  to  synchronous  machines. 

♦See  the  Journal  for  .April,  1913,  p.  272. 
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RESISTANCE 

Resistances  are  taken  of  the  field  and  of  the  armature  windings 
between  all  terminals.  When  taking  resistances  on  the  armatures 
of  polyphase  machines,  care  should  be  taken  to  place  the  potential 
leads  on  the  terminals  to  which  the  current  leads  are  connected. 
The  readings  in  Table  I  were  taken  by  the  bridge  method  on  the 
armature  and  by  the  volt-ampere  method  on  the  field.  The  volt- 
ampere  method  is  used  for  taking  field  resistance  so  that  the  field 
rise  of  resistance  for  the  temperature  test  may  be  readily  taken  from 
the  last  reading  on  the  test  if  the  same  meters  are  used.    It  is  com- 


FIG.    I — SEPARATE   DRIVING    MOTOR   ARRANGEMENT   FOR    TESTING    AN 
ALTERNATING-CURRENT  GENERATOR  OR  SYNCHRONOUS   MOTOR 

mon  practice,  however,  to  take  field  resistance  cold  and  hot  by  the 
bridge  method  as  well,  for  a  check.  Readings  of  resistances  for  the 
machine  used  in  connection  with  this  article  are  given  in  Table  I. 

CORE  LOSS 

The  core  loss  of  synchronous  machines  may  be  obtained  by 
either  of  two  methods,  namely ;  by  the  use  of  a  separate  driving 
motor  or  by  running  the  machine  as  a  synchronous  motor;  the  latter 
should  be  used  only  when  it  is  impossible  to  use  the  former. 
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SEPARATE  DRIVING  MOTOR  METHOD 

This  test  is  identical  with  that  described  for  taking  core  loss 
on  direct-current  generators.*  Therefore,  the  same  precautions 
and  procedure  should  be  observed. 

Core  loss  should  be  taken  up  to  the  same  voltage  as  the  no-load 
saturation  test,  but  where  this  is  impossible  it  must  be  obtained  to 
at  least  30  percent  above  normal  voltage.  A  complete  set  of  read- 
ings for  a  core-loss  test  together  with  the  curve  data  derived  there- 
from is  given  in  Table  II.  and  the  resultant  curve  is  plotted  in  Fig. 
2.  In  working  up  the  core-loss  test  of  alternating-current  gener- 
ators or  synchronous  motors,  the  instructions  as  outlined  for  direct- 
current  generators  should  be  followed. 

FRICTION  AND  WINDAGE 

The  friction  and  windage  loss  is  usually  taken  after  the  core- 
loss  tests  by  the  separate  driv- 
ing motor  method  are  com- 
pleted. The  input  to  the  driv- 
ing motor  armature  is  obtained 
when  running  with  the  belt  otT 
at  the  same  impressed  armature 
voltage  and  field  current  as 
used  for  the  no-load  reading  in 
the  core-loss  test.  The  differ- 
ence between  the  input  of  the 
motor  driving  the  machine  un- 
der test  with  the  field  and 
armature    circuit     of     the     test 

FIG.    2-LO..VD.    NO-LOAD    AND    SHORT-CIR-    "I'^^'l^'^e     ^P^^"'      ^''^      the      UlOtOr 

cuiT  SATURATION   AND  LOSSES  OF  A  iuput   witli   the   belt   off,   is   the 

2  140    K.V.A.    ALTERNATOR  f ^j^^jj^^    ^^^^    windagC    loSS. 

Turbo-generators  are  brought  up  to  speed  by  coupling  them 
to  an  extension  shaft,  which  is  belted  with  a  large  pulley  ratio  to 
a  suitable  motor.  The  bearing  friction  and  wimlage  of  turlx^-gen- 
erators  is  determined  at  normal  speed,  and  at  20  percent  above  and 
below  normal  speed.  This  is  obtained  by  taking  readings  of  the 
driving  motor  armature  input  when  driving  the  generator  at  the 
required  speeds,  and  then  taking  readings  of  the  input 
to  the  motor  armature  running  light  with  the  belt  oflf 
at  the  same  impressed  armature  voltage  and  field  current  as  used 
when  driving  the  machine  under  test  at  the  varicvs  speeds;  the  dif- 


ifi  -45    i3    «5   ioo  rjo  rss  ns  i»o" 

Field  4ap«m  tatf  KUOvtttt. 


♦See  tlic  Journal  for  April.   1913.  p.  379. 
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ference  between  the  motor  input  driving  the  machine  and  the  input 
running  light  is  rhe  total  friction  and  windage  loss ;  from  this  re- 
sult the  belt  and  extension  shaft  loss  must  be  subtracted  to  give  the 
true  loss  of  the  machine.    These  "stand  losses,"  as  they  are  called, 

TABLE  II— CORE  LOSS  TEST  DATA 


Driving  Motor 

Tested  Machine 

Read- 
ing 

Volts 

Amperes 

Field 
Amperes 

R.P.M. 

Volts    per 
Phase 

Field 
Amperes 

I 

500 

14^ 

4-9 

301 

0 

0 

2 

500 

147 

4-9 

301 

I  200 

13-2 

3 

500 

158 

4-9 

302 

2400 

26.7 

4 

500 

173 

4-9 

301 

3600 

40.5 

5 

500 

191 

4-9 

300 

4800 

55-5 

6 

500 

143 

4.9 

301 

0 

0 

7 

500 

215 

4-9 

300 

6000 

72.5 

8 

500 

221 

4-9 

300 

6300 

77-1 

9 

500 

238 

4.85 

301 

6930 

90.0 

10 

500 

263 

4.85 

300 

7800 

118.0 

II 

500 

288 

4.8 

299 

8550 

155.0 

12 

500 

143 

4-9 

301 

0 

0 

13 

500 

22 

4-9 

Calculated  Results  and   Curve  Data 

Read- 

Increase  in 
Motor 

Testing  Machine 

Kw  Cc 

)re 

Field 

Armature 

ing 

Amperes 

Loss 

Amperes 

13-2 

Volts 

2 —  I 

4 

2.0 

I  200 

3—  I 

15 

7-5 

26.7 

2400 

4—  I 

30 

15-0 

40.5 

3600 

5—  I 

48 

24.0 

55-5 

4800 

7—  I 

72 

36.0 

72.5 

6000 

8—  I 

78 

39-0 

77.1 

6300 

9—  I 

93 

47-5 

90.0 

6930 

10 —  I 

120 

60.0 

1 18.0 

7800 

II —  I 

145 

72.5 

155-0 

8550 

Decrease  in 

Motor 

Friction  and  Windage 

Amperes 

I— 13 

121 

60.5  Kw 

may  be  taken  from  curves  previously  determined  by  the  separate 
drive  method  on  the  stand  alone. 


CURRENT    IN    BEARINGS 


All  alternating-current  generators  and  synchronous  motors  of 
over  100  kilowatt  output  should  be  tested  to  determine  whether  a 
current  due  to  stray  magnetic  fields  will  flow  when  the  circuit  be- 
tween the  pillow  block  and  shaft  is  completed  through  an  alternating- 
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current  ammeter  and  heavy  copper  cable.  The  marking  of  the  shaft 
by  the  oil  rings  is  an  indication  of  current  in  the  bearings.  If  the 
current  is  appreciable,  it  is  advisable  to  insulate  the  bearing  or  the 
pillow  block. 

SHORT-CIRCUIT  LOSS   AND   IMPEDANCE 

The  short-circuit  test  is  taken  to  obtain  the  synchronous  im- 
pedance and  the  losses  of  the  machine  when  running  with  the  arma- 
ture short-circuited.  This  test  can  be  taken  only  with  a  separate 
driving  motor.  The  armature  is  short  circuited  either  through  a 
test  table,  plug  board  or  series  transformers,  so  arranged  that  the 
current  in  each  phase  can  easily  be  determined,  and  the  field  is  con- 
nected in  series  with  a  high  resistance  to  the  exciter,  the  connections 
being  as  indicated  in  Fig.  3. 

After  the  wiring  has  been  checked  and  all  meters  properly  con- 
nected, the  machines  are  started  and  brought  up  to  normal  speed. 

They  are  then  allowed  to 
run  until  the  friction  be- 
comes constant,  as  shown 
by  a  constant  reading  of 
the  armature  current  of 
the  driving  motor.  After 
the  friction  has  remained 
constant  for  some  time, 
several  readings  of  the 
armature  current  at  a  con- 
stant impressed  voltage 
should  be  taken  with  no 
field  on  the  generator  while 
the  rotor  is  neither  accel- 
erating nor  decelerating;  the  average  of  these  readings  is  taken 
as  a  basis  of  calculating  the  short-circuit  loss. 

The  field  circuit  is  closed  through  a  high  resistance  with  close 
attention  given  to  the  armature  current ;  the  field  current  is  increased 
until  an  armature  current  corresponding  to  one-half  load  is  ob- 
tained, then  readings  are  taken  of  the  current  in  each  phase,  of  the 
field  current  and  speed  of  the  machine  on  test  and  of  the  input  to 
the  driving  motor  and  its  field  current.  The  field  excitation  is  grad- 
ually increased  until  full-load,  load  and  one-half,  and  double-load 
armature  current  readings  are  obtained  in  succession,  complete  read- 
ings being  taken  at  each  load.  The  field  current  is  then  opened  and 
a  no-load  reading  is  taken  to  determine  whether  the  friction  has 
changed  during  the  test. 


FIG.  3 — CONNECTIONS  FOR  DETERMINING  THE 
SHORT-CIRCUIT  LOSSES  AND  S.\TUR.\TION 
OF  A   SYNCHRONOUS   MACHINE 

One  ammeter  is  used  to  read  the  cur- 
rent in  all  three  phases,  by  plugging  in 
on  the  proper  current  transformer. 


1194 


THB  ELECTRIC  JOURNAL 


When  taking  a  single-phase  short-circuit  test  on  a  polyphase 
machine,  the  voltage  of  the  open  phases  should  always  be  measured 
and  recorded,  and  while  the  machine  is  under  load  the  armature 
connections  should  be  carefully  watched  for  poor  joints.  The  short- 
circuit  loss  is  calculated  from  the  various  driving  motor  inputs  in 
the  same  manner  as  the  core  loss.  The  data  for  this  test  is  given  in 
Table  III  and  the  corresponding  curves  in  Fig.  2. 

NO-LOAD  SATURATION 

The  no-load  saturation  is  obtained  from  the  readings  of  field 
amperes  and  terminal  volts  taken  while  making  the  core-loss  test. 


FIG.  4 — TESTING  A  VERTICAL  SYNCHRONOUS   MOTOR 

Resistance  wagon  in  foreground  in  readiness  for  resistance  readings  at 
completion  of  test. 

by  the  separate  driving  motor  method.  These  readings  are  given  in 
Table  IL  The  saturation  should  always  be  taken  with  increasing 
field  excitation  to  keep  constant  the  effect  of  residual  magnetism. 
It  should  also  be  taken  up  to  the  full-load  exciter  voltage  of  the 
machine  under  test.  If  this  should  cause  the  voltage  to  go  more 
than  50  percent  above  normal  the  speed  must  be  reduced  so  that  the 
voltage  will  not  exceed  the  above  limit.  The  saturation  curve  is 
plotted  in  Fig.  2. 

FULL-LOAD  SATURATION  AT  APPROXIMATELY   ZERO  POWER-FACTOR 

This  test  is  taken  to  determine  the  field  excitation  required  to 
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give  full-load  current  on  the  machine  at  approximately  zero  power- 
factor.  The  machine  can  be  run  as  a  synchronous  motor  or  as  a 
generator  in  parallel  with  another  synchronous  machine  of  similar 
characteristics,  the  machines  being  connected  as  in  Fig.  5.  This 
test  should  be  taken  at  full-load  current.  Where  it  is  impossible  to 
obtain  this  load,  it  can  be  taken  at  some  other  load  available,  but 
should  never  be  taken  at  less  than  one-half  load,  as  a  test  below  this 
is  of  little  value.  At  each  point,  readings  are  taken  of  terminal  volts 
and  amperes  in  each  phase,  field  ampere?  and  speed.  The  resistances 
to  control  the  field  circuits  should  ha\ne  close  regulation  and  be  easily 
adjustable.  It  is  advisable  to  have  a  field  ammeter  in  the  field  of  each 
machine  so  that  Ihe  desired  voltage;  and  load  can  be  accurately  main- 
tained while  the  readings  are  taken.    The  voltage  is  then  reduced  in 

suitable  steps  by  reducing  the 
excitation  of  both  machines, 
such  a  difiference  being  main- 
tained in  the  excitation  of  the 
two  as  will  give  the  desired 
value  of  armnture  current,  a 
complete  set  of  readings  being 
taken  at  each  of  ten  or  twelve 

Fin.    5— CONNECTION    DIAGRAM    OF   Till,    ditYcFcnt   voltagcs,    includiug  tho 
ARRANGEMKNT    USED    IN    onTAi.NiNr.   point   at   uormal    voltagc.      The 

THE     FULL-LOAD     .SATURATION     AT     .\P-  .  .  .      ,     ,. 

PROXIMATELY  ZERO  POWER-FACTOR  ^^^^  ncecl  iiot   be  camecl  below 

One  ammeter  and  one  voltmeter  are  5°  percent  of  the  rated  voltage 
ordinarily  used  to  read  the  current  of  the  machine  Under  test.  If 
and  voltage  of  all  three  phases.  ,,  ,  .  ,  1       ^     ^1 

the    machmes    have    about    tlic 

same  rating,  the  lowest  voltage  obtainable  will  be  that  with  no  field 
on  the  loaded  machine.  Armature  volts  and  amperes  are  read  for 
each  phase,  the  values  being  given  in  Tabic  I\'.  I'l  thi^-  table, 
however,  only  average  values  of  armature  volts  and  amperes 
are  recorded.  For  convenience  the  readings  given  n  Table  IV 
are  plotted  on  the  same  curve  sheet  as  the  no-load  saturation 
curve.  Fig.  2. 

The  straight  part  of  the  load  saturation  curve  at  approximately 
zero  power-factor  should  be  parallel  with  the  straight  part 
of  the  no-load  saturation  curve  and  the  no-voltage  point  on  the  for- 
mer curve  corresponds  to  the  field  amperes  obtained  at  the  same 
armature  current  on  the  short-circuit  test.     This  is  indicated  at  F 
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in  Fig  6.  If  the  tested  values  of  the  field  current  obtained 
at  the  lower  voltages  do  not  fall  on  the  straight  line 
nor  parallel  to  the  no-load  saturation  curve,  it  is  due  to 
the  fact  that  at  low  voltages  the  power-factor  cannot  be  held  near 
zero,  except  when  some  mechanical  power  is  applied  to  provide  for 
the  losses  and  so  reduce  the  energy  current  to  zero. 
'  The  load  saturation  at  zero  power-factor  may  be  checked  with 
the  no-load  saturation  in  the  following  manner :     In  Fig.  6  first 

TABLE  III— SHORT-CIRCUIT    LOSS  AND  SATURATION 


Driving  Motor 

Machine  on  Test 

Volts 

Amperes 

Field 
Amperes 

R.P.M. 

Average 

Amperes 

per  Phase 

Field 
Amperes 

Short-Cir- 
cuit    Loss, 
Kw 

500 
500 
500 
500 
500 

143 
150 
170 
202 
250 

4-9 
4-9 
4-9 
4.8 

475 

302 
302 
301 

299 
300 

0 

99 
195 
294 

390 

0 

15-3 
30.0 
46.0 
60.5 

0 

3-5 
13-5 
30.0 

53-5 

construct  the  triangle  CDE  by  laying  oflf  on  the  normal  voltage  line 
from  the  point  D,  a  horizontal  distance  ED  equal  to  the  short-circuit 
field  amperes  OF  at  the  base  of  the  curves.  From  the  point  E  draw 
a  line  EC  parallel  to  the  air-gap  line  OG,  intersecting  the  no-load 
saturation  curve  at  C.    Connect  points  C  and  D.    Then,  at  any  point 

TABLE  IV— DATA  FOR  FULL-LOAD  SATURATION  TEST 
AT  ZERO  POWER-FACTOR 


Armature 
Volts 

Average  Amperes 
per  Phase 

Field  Amperes. 

R.P.M. 

3600 

196.2 

71.0 

300 

4800 

196.2 

86.5 

298 

6000 

196.2 

106.0 

300 

6300 

196.5 

1 12.0 

301 

7200 

196.0 

138.5 

300 

7590 

195.8 

155-0 

299 

on  the  load  saturation  curve  the  length  of  a  line  drawn  parallel  to 
CD  between  the  two  saturation  curves  should  always  equal  CD. 
In  some  machines,  due  to  peculiarities  in  design,  the  no-load  and 
load  saturation  curves  will  not  check  as  here  described,  but  the  ex- 
ceptions are  so  few  that  a  discussion  of  them  will  not  be  taken  up 
here. 

LOCKED  SATURATION 

On  all  synchronous  motors  of  new  design,  with  a  squirrel  cage 
winding  distributed  through  slots  in  the  pole  faces,  a  locked  satura- 
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tion  is  taken  to  determine  the  starting  characteristics.  Due  to  the 
salient  field  pole  structure  on  which  the  cage  winding  is  placed  and 
to  the  distribution  of  the  stator  windings,  there  is  often  a  distinct 
series  of  places  known  as  points  of  maximum  and  minimum  torque. 
These  points  can  be  determined  either  by  weighing  the  torque  at  a 
given  voltage  for  the  various  rotor  positions,  or  by  determining  the 
points  of  maximum  and  minimum  currents  at  a  given  voltage  and 
various  rotor  positions,  the  maximum  current  showing  the  point  of 
maximum  torque. 

When  taking  a  locked  saturation  or  starting  test  the  field  circuit 
must  always  be  closed  through  a  resistance,  because  of  the  high 

voltage  otherwise  in- 
TT  I  I  I  I  I  I  L-  1.  1  duced  in  the  field  wind- 
ings, and  the  total  resist- 
ance of  the  closed  field 
circuit  should  be  ap- 
proximately such  that 
normal  exciter  voltage 
will  force  through  it  the 
field  current  required  at 
no-load  normal  voltage. 
The  locked  current  read- 
ings should  be  taken  up 
to  at  least  three  times 
full-load  current,  when- 
ever  possible,     with     the 

FIG.   6 — METHOD   OF   CONSTRCTING    A    SATURATION     rOtOF       iu       tllC     maximuni 

and    minimum    positions, 
but    the     windings     must 
not  be  allowed  to  reach  an  excessive  temperature. 

When  the  motor  cannot  be  turned  readily  by  hand,  it  should  be 
locked.  The  power  circuit  is  then  closed  and  the  voltage  on  the  line 
slowly  increased  until  approximately  full-load  current  is  flowing  in 
the  windings.  Readings  are  then  taken  of  the  volts,  amperes  and 
watts  in  each  phase.  The  power  is  then  disconnected  and  the  rotor 
moved  a  distance  equal  to  that  between  two  armature  slots  and  an- 
other set  of  readings  taken  at  the  same  voltage  as  in  the  first  trial. 
Readings  are  taken  at  corresponding  positions  for  each  armature 
slot  over  a  distance  equal  to  that  from  center  to  center  of  adjacent 
poles.     From  the  readings  as  obtained  above,  the  rotor  is  set  on  the 
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point  giving  the  lowest  torque,  and  readings  are  taken  at  various 
voltages  up  to  such  a  value  as  will  give  approximately  three  times 
full-load  current.  The  rotor  is  then  moved  to  the  position  giving  the 
maximum  torque  and  another  complete  set  of  readings  is  taken  at 
various  voltages. 

When  the  rotor  is  not  too  heavy  to  be  turned  easily,  the  maxi- 
mum, and  minimum  points  may  be  found  by  applying  a  low  constant 
voltage  on  the  armature. and  watching  the  ammeter  closely  as  the 
rotor  is  moved  the  distance  from  center  to  center  of  adjacent  poles. 
The  points  of  maximum,  and  minimum  current  should  be  marked 
and  a  complete  set  of  readings  taken  as  noted  above. 


FIG.    7 — A   CORNER   OF   A    TYPICAL  TEST   FLOOR    SHOWING   IN    THE   BACKGROUND   THE 
SWITCHBOARD    FOR    THE    REGULATION    OF    THE    POWER    USED 

When  taking  the  readings  of  torque,  the  brake  arm  should  be 
tapped  with  a  hammer  or  mallet  to  overcome  the  static  friction  of 
the  bearings.  The  brake  arm  should  be  counter-balanced  and  clamped 
directly  to  the  shaft,  and  should  be  as  light  as  possible,  so  that  the 
additional  weight  on  the  shaft  is  no  more  than  is  absolutely  neces- 
sary. Should  it  be  necessary  to  run  the  machine  between  readings 
to  cool  it  ofif,  the  position  of  the  rotor  must  be  marked  so  that  it 
can  be  returned  to  the  correct  position.  Table  V  gives  a  complete 
set  of  readings  for  this  test  and  the  resultant  curves  are  plotted,  as 
indicated  in  Fig.  8. 
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STARTING   TESTS   FOR   SYNCHRONOUS    MOTORS 

A  Starting  test  to  determine  the  current  and  voltage  required 
to  start  the  machine  should  be  made  after  it  has  been  at  rest 
for  at  least  twelve  hours  in  order  to  approximate  normal  start- 
ing conditions  as  nearly  as  possible.  On  self-starting  synchronous 
motors  the  field  circuit  should  be  closed  through  an  external  resist- 
ance of  the  same  value  as  used  in  the  locked  saturation  test.  The 
starting  transformers  may  or  may  not  be  used  in  the  starting  test, 
depending  on  the  machine's  guarantee  specifications.  When  con- 
nected directly  to  the  power  circuit,  the  voltage  of  the  generator  must 
be  easily  controllable.  The  line  switches  are  closed  and  the  voltage 
on  the  line  gradually  increased  until  the  machine  starts ;  a  reading 
of  the  voltage  and  current  is  taken  and  the  power  immediately  cut 

off.  Such  readings  are  taken 
for  positions  corresponding  to 
each  armature  slot,  as  for  the 
torque  test.  The  first  position 
is  checked  to  show  the  differ- 
ence with  the  bearings  lubri- 
cated and  not  lubricated.  After 
these  readings  have  been  ob- 
tained, the  voltage  required  to 
start  the  machine  is  applied  and 
held  constant  and  the  time  re- 
quired for  the  machine  to  reach 
synchronous  speed,  as  shown 
by  the  sudden  drop  in  armature 
current,  is  noted.  This  test  can 
be  made  with  the  machine 
FIG.  8 — LOCKED  SATURATION  CURVES  OF  alonc  Or  belted   to   a  generator 

A    SYNCHRONOUS    MACHINE  ^3    ^^    j^^^jj^    j^^j 

When  the  machine  is  connected  to  the  starting  transformers  the 
line  voltage  must  be  held  constant  at  its  normal  value  throughout 
the  test.  The  machine  is  first  connected  to  the  low-voltage  taps  of 
the  auto-transformcr  and  the  starting  switches  closed;  if  the  ma- 
chine does  not  start,  the  power  circuit  is  opened  and  the  leads 
changed  to  the  taps  for  the  next  higher  voltage  to  repeat  the  test. 
This  should  be  continued  until  the  correct  taps  are  found.  If  the 
machine  does  not  start  with  the  transformer  connected  at  the  highest 
voltage  taps,  the  line  voltage  is  increased  until  the  machine  does 
start.    This  voltage  is  recorded  as  the  motor  starting  voltage.   When 
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the  correct  starting  point  has  been  obtained  the  voltage  is  held  con- 
stant snd  the  time  required  for  the  machine  to  reach  synchronous 
speed  is  recorded.  Several  starts  are  made  in  rapid  succession  and 
the  heating  of  the  auto-transformers  is  noted.  With  the  auto- 
transformers  connected  as  before,  the  primary  voltage  is  increased 
slowly  until  the  motor  starts  and  readings  are  taken  of  primary 
volts,  primary  amperes  and  secondary  volts  at  the  moment  of  start- 
ing. The  motor  is  then  locked  and  the  primary  voltage  raised  to 
TABLE  V— DATA  FROM  LOCKED  SATURATION  TEST 


Average  Armature 
Volts 

Average  Amperes 
per  Phase 

Total  Kw 

200 
400 
600 
800 

99.0 
214-O 
322.5 
433-0 

6.4 

30.0 

69.6 

126.4 

the  full  rated  value,  readings  being  taken  of  primary  volts,  primary 
amperes  and  secondary  volts.  With  the  secondary  of  the  starting 
transformer  open  and  the  full  rated  voltage  on  the  primary,  the 
secondary  voltage  of  each  tap  is  read. 

When  a  separate  starting  motor  having  a  squirrel-cage  second- 
ary is  supplied  with  the  machine,  it  should  be  connected  directly  to 
a  circuit  the  voltage  of  which  can  readily  be  controlled.     Several 

TABLE  VI— MODIFIED  ELECTROMOTIVE-FORCE  METHOD  OF 
CALCULATING  REGULATION 


Assumed  Field 
Amperes 

Terminal  Volts* 
No-load 

Terminal  Volts* 

Full-load, 

Zero  Power-Factor 

Total  Drop  in 
Volts 

(I) 

(2) 

(3) 

(2)  -  (3) 

80 
100 
120 

6480  (cf) 
7300  (be) 
7870  (ad) 

4340 
5670 
6600 

2  140  (Oc) 
I  630  (ab) 
I  270  (Oa) 

*Taken  from  curves.  Fig.  5. 

starts  are  made  and  readings  are  taken  each  time  of  the  volts  and 
amperes  on  one  phase.  With  normal  field  on  the  machine,  it  is 
brought  to  the  rated  speed  with  rated  voltage  on  the  starting  motor. 
The  test  is  then  repeated  at  the  minimum  voltage  which  will  start  the 
machine.  Next  a  locked  saturation  test  is  taken  on  the  starting 
motor  with  readings  of  volts,  amperes  and  watts.  If  the  motor  has 
a  wound  secondary  its  control  apparatus  must  be  connected  in  the 
circuit.  The  voltage  of  the  line  should  be  held  constant  at  the  nor- 
mal value,  and  the  motor  started  through  its  controller  and 
resistance. 
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As  the  starting  motor  is  of  the  induction  type  with  its  inherent 
slip,  it  is  necessarily  wound  with  a  smaller  number  of  poles  than  the 
synchronous  machine.  This  may  give  it  a  speed  considerably  above 
the  synchronous  speed  of  the  larger  machine.  If  the  no-load  losses 
of  the  larger  machine  are  are  not  sufficient  to  hold  it  down  to  its  syn- 
chronous speed,  additional  external  load  must  be  applied  to  maintain 
the  required  slip  throughout  the  test.  This  load  should  be  recorded 
on  the  sheet. 

TORQUE    TESTS 

Self-Starting  synchronous  motors  usually  have  a  squirrel-cage 
damper  winding  on  the  rotor  with  either  copper,  brass  or  steel  bars. 
The  starting  torque,  pull-in  torque  and  pull-out  torque  tests  should 
be  taken  whenever  guarantees  have  been  made,  or  complete  infor- 
mation is  required. 

Starting  Torque,  is  that  which  the  machine  will  develop  when 
operating  at  a  reduced  voltage  as  an  induction  motor  with  the  field 
siiort-circuited,  as  in  the  locked  saturation  test.  A  prony  brake  or 
beam  clamped  on  the  shaft  is  used  for  weighing  the  torque.  The 
length  of  the  arm  must  be  carefully  determined,  this  being  measured 
from  the  center  of  the  shaft  to  the  point  of  contact  on  the  scales ; 
the  tare  also  must  be  accurately  determined  by  suspending  the  brake 
or  beam  from  a  point  directly  above  the  center  of  the  shaft  and 
weighing  the  amount  supported  by  the  scales.  The  machine  is  con- 
nected the  same  as  for  the  starting  test.  The  rotor  is  locked  in  the 
position  of  minimum  torque  which  corresponds  to  the  minimum  am- 
pere point,  as  previously  determined  by  the  starting  test,  and  the 
field  is  short-circuited  through  a  resistance  sufficient  to  give  the 
normal  field  current.  Sufficient  voltage  is  applied  to  the  machine 
to  determine  the  connection  which  will  give  the  proper  direction 
of  rotation;  the  brake  or  beam  is  tightened  up  sufficiently  to  lock 
the  rotor  and  the  voltage  is  brought  up  to  as  high  a  value  as  pos- 
sible without  injury  to  the  machine.  The  torque  impressed  on  the 
scale  is  then  balanced  and  read.  The  voltage  at  this  instant  is 
noted  and  the  power  is  then  taken  off.  In  order  to  avoid  over- 
heating, the  power  should  be  on  only  for  a  sufficient  length  of 
time  to  obtain  these  readings.  The  operation  is  repeated  with 
seven  or  eight  dififcrent  voltages  in  five  percent  steps.  Then  the 
voltages  and  torque  should  be  measured  with  the  rotor  in  the  dif- 
ferent positions  over  the  pole  arc  as  called  for  in  the  startings  test. 

The  torque  readings  taken  in  the  same  position  of  the  rotor 
may  be  checked  with  each  other  by  assuming  that  the  torque  varie'? 
directly  as  the  square  of  the  voltage  at  which  it  is  taken.    Tlsis  as 


2 
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sumption  may  be  expressed   by   the   equation,*  Ti^-T2=Vi--f-V 

Pull-in  Torque  — The  purpose  of  this  test  is  to  find  the  maxi- 
mum load  that  the  motor  will  carry  while  changing  from  an  induc- 
tion motor  to  a  synchronous  motor.  It  can  best  be  obtained  by  belt- 
ing the  motor  to  a  direct-current  generator  of  known  efficiency  con- 
nected to  a  resistance  load.  The  field  of  the  generator  should  be 
separately  excited  so  that  the  load  can  be  adjusted  quickly  and  ac- 
curately. The  motor  is  connected  as  in  the  starting-torque  test,  ex- 
cept that  a  double  throw  switch  must  be  provided  for  handling  the 
field  circuit.  This  switch  should  be  arranged  so  that  the  field  of  the 
machine  can  be  changed  quickly  from  a  short-circuit  to  an  exciter 
circuit,  with  such  resistance  that  the  field  current  will  be  normal. 
Readings  of  terminal  volts,  terminal  amperes  and  speed  on  the  syn- 
chronous machine  are  taken  and  of  armature  volts  and  amperes  on 
the  generator.  The  efficiency  curve  of  the  direct-current  generator 
used  and  the  pulley  sizes  on  each  machine  are  recorded. 

With  the  field  short  circuited,  the  voltage  is  increased  until  the 
machine  starts.  After  it  is  up  to  the  speed,  the  voltage  is  held 
constant  at  a  value  which  will  give  25  percent  of  full-load  torque 
at  starting  as  determined  from  the  starting-torque  test.  Sufficient 
load  is  then  applied  to  the  generator  to  produce  an  appreciable 
slip  of  the  motor  and  a  complete  set  of  readings  is  taken;  the  field 
is  changed  from  the  short-circuit  to  the  exciter  circuit  and  the  same 
readings  taken  as  before,  the  maximum  kick  of  the  meters  being 
noted  at  the  moment  of  changing  over  as  well  as  the  final  values. 
The  time  taken  for  the  machine  to  pull  into  synchronism  is  recorded, 
the  load  is  increased  and  the  test  repeated  until  a  load  is  reached 
at  which  the  motor  will  not  pull  into  synchronism. 

To  make  this  test  complete  it  should  also  be  taken  at  one-half, 
three-fourths  and  full  voltage  if  possible.  Also,  the  effect  of  vary- 
ing the  field  current  is  tried  to  ascertain  if  there  is  any  difference  in 
the  amount  of  pull-in  torque. 

Pull-out  Torque,  of  a  synchronous  motor  is  that  at  which  it 
will  pull  out  of  synchronism  at  normal  voltage  and  100  percent 
power- factor.  If  it  is  impossible  to  run  the  test  at  normal  voltage, 
because  of  inadequate  loading  apparatus,  the  test  can  be  taken  at  a 
lower  voltage,  and  the  pull-out  torque  at  normal  voltage  is  then  de- 
termined by  the  relation  T^  :  To=Vi^  :  Vg^,  where  Tj  and  To  are 
the  respective  torques  and  F^  and   Fo  the  corresponding  voltages. 

The  machine  is  belted  to  a  calibrated  generator  and  connected 


*This  is  not  strictly  true  but  serves  as  an  adequate  chegl?  between  two 

tests, 
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as  in  the  pull-in  test ;  or,  on  the  smaller  sizes  a  prony  brake  may  be 
used.  To  gauge  the  capacity  of  the  loading  apparatus,  one-half 
normal  voltage  is  first  applied  to  the  motor,  the  field  is  adjusted 
for  approximately  100  percent  power-factor,  and  the  load  is  in- 
creased until  the  motor  falls  out  of  step,  readings  being  taken  of 
load  on  the  generator,  and  voltage,  watts  and  field  current  of  the 
motor.  The  torque  can  be  calculated  from  the  f  uUey  ratio  and  the 
calibration  of  the  generator.  The  test  is  then  repeated  with  various 
field  currents  producing  both  lagging  and  leading  power-factors, 
and  a  curve  is  plotted  of  field  current  against  pull-out  torque,  from 
which  the  maximum  torque  may  be  determined. 

This  test  is  then  repeated  at  full  voltage,  (or  if  sufficient  load 
be  not  available,  at  as  high  a  voltage  as  pull-out  can  be  obtained 
without  injury  to  the  motor  from  excessive  currents)  for  the  field 
current  which  produces  100  percent  power-factor,  and  for  enough 
other  values  to  determine  the  maximum  pull-out  torque.  The  val- 
ues calculated  from  the  tests  at  one-half  voltage  serve  as  a  check 
on  the  actual  values  secured  at  normal  voltage,  or  calculated  from 
a  test  at  any  lower  voltage. 

REGULATION  OF  ALTERNATING-CURRENT  GENERATORS 

The  regulation  of  alternating-current  generators  can  be  deter- 
mined by  test  with  actual  load  conditions  or  it  may  be  calculated. 
The  latter  method  is  used  in  practically  all  cases  on  account  of  its 
convenience  and  because  results  are  more  accurate  than  can  be  ob- 
tained under  the  ordinary  methods  of  testing. 

There  are  various  methods  of  calculating  the  regulation  of  syn- 
chronous generators.  Two  methods  commonly  used  are  the  modified 
electromotive-force  method  and  the  magnetomotive-force  method. 

Regulation  by  Modified  Electromotive-Force  Method — This  is 
ttie  most  accurate  of  the  various  methods  and,  although  it  is  some- 
what longer  and  more  tedious  to  use,  the  greater  accuracy  of  the 
results  obtained  warrant  the  additional  time  required.  The  calcula- 
tions as  shown  herein  are  for  over-excited  fields  only.  The  tests  re- 
quired are  the  no-load  saturation,  the  -full-load  saturation  at  ap- 
proximately zero  powrc-factor  and  the  short-circuit  saturali.n. 
Since  it  is  impossible  to  determine  directly  the  exact  excitation  at 
any  desired  load,  voltage  and  power-factor,  it  is  necessary  to  de- 
termine a  partial  saturation  curve  of  at  least  three  points  at  the 
desired  load  and  power-factor  passing  through  the  normal  voltage 
line  on  the  curve.  The  calculated  curve  AB,  Fig.  6.  at  full  load 
80  percent  power-factor  is  determined  as  follow^: — 
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From  the  load  saturation  curve  at  approximately  zero  power- 
factor,  take  values  of  field  current  as  in  Table  IV  such  as  will 
cause  the  desired  curve  AB  to  pass  through  the  normal  voltage 
line.  On  a  rectangular  co-ordinate  sheet  (Fig.  9)  take  a  base  line 
AOB  and,  with  0  as  center,  draw  the  quadrant  of  a  circle  with  a 
radius  of  100  parts,  the  vertical  line  OC  being  the  measurement 
of  the  power-factor.  On  this  circle  CDB  lay  off  the  desired  power- 
factor  80  percent,  at  D  and  draw  a  line  connecting  0  and  D.  Di- 
vide the  lines  AO  and  OB  into  any  convenient  scale  of  volts  starting 
from  O;  lay  off  on  OD  the  values  of  the  total  drop  in  volts,  Oc, 
Ob,  and  Oa,  corresponding  to  the  values  of  field  amperes  chosen. 
From  the  point  a  draw  a  line  ad  with  a  value  equal  to  the  terminals 
volts  at  no  load,  intersecting  the  base  line  at  d;  the  value  of  volts 
(7040)  as  measured  from  d  to  O  will  be  the  total  volts  obtained 
with  full-load  current  in  the  armature  at  80  per  cent  power-factor 
and  a  field  excitation  of  120  amperes;  proceed  in  the  same  manner 

with  the  points  b  and  c, 
measuring  the  resultant 
voltage  on  the  base  line 
AO.  Then  for  field  ex- 
citations of  80,  100  and 
120  amperes  with  full- 
load  current  at  80  per- 
cent power- factor,  the 
respectivv  voltages  will 
be  5000  {Of),  6200 
(Oe)  and  7040  (Od). 
These  values  are  plotted  as  shown  in  Fig.  6  giving  the  load  saturation 
curve  AB.  The  intersection  of  this  curve  with  the  normal  voltage  line 
determines  the  field  current  (101.5  amperes)  required  to  maintain 
normal  voltage  (6  300)  with  full-load  current  at  80  percent  power- 
fat-tor;  with  101.5  field  amperes  the  no-load  voltage  is  7350  volts. 
The  percent  regulation  at  the  above  load,  therefore,  is  — 
(7350  —  6300)  -f-  6300  X  100  =  16.7  percent. 

This  construction  is  approximately  correct  for  all  values  of 
power- factor  below  90  percent;  but  above  90  percent  it  is  necessary 
to  take  the  ohmic  drop  into  consideration  as  follows: — Subtract  the 
ohmic  drop  at  full-load  current  from  the  values  of  terminal  volts  as 
found  on  the  base  line  AO,  measured  from  O  to  d,  e  and  /.  This 
will  give  the  terminal  volts  with  full-load  current  in  the  armature 
at  the  assumed  values  of  field  current. 

If  Ihe  regulation  be  desired  on  any  other  load  than  that 
at  which  the  load  saturation  was  taken,  it  is  necessary  to  calculate 
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another  load  saturation  curve  at  the  desired  load.  The  distance 
between  the  curves  on  the  line  CD,  Fig.  6,  or  any  line  parallel  to 
CD,  is  proportional  to  the  load,  and  CD,  being  drawn  between  the 
no-load  and  full-load  saturation  curves,  represents  the  100  percent 
range  for  such  curves.  From  this  relation,  points  on  the  zero  power- 
factor  load  saturation  curve  at  any  other  load  can  easily  be  ob- 
tained by  laying  off  on  the  line  CD  and  lines  parallel  to  CD  from 
the  no-load  saturation  curve  the  value  corresponding  to  the  desired 
load. 

When  desired  for  efficiencies  only  the  field  current  at  other 
loads  then  those  obtained  in  the  test  can  be  readily  determined.  In 
Fig.  10  on  the  line  OD,  lay  off  the  total  voltage  drop  Oa  ( i  600) 
for  full  load  at  approximately  zero  power-factor  at  the  same  field 

TABLE  VII— DATA  FROM  FIG.  10  FOR  THE  DETERMINATION  OF 
FIELD  CURRENT  BY  CALCULATION 


Percent 

No-Load 

Field 

Load 

Volts 

Amperes 

0 

6300  (Ob) 

77 

25 

6550  (cb) 

81.5 

50 

6800  (db) 

86.5 

75 

1               7000  (eb) 

94 

100 

7350  (ab) 

101.5 

125 

7660  (fb) 

112 

current   (101.5  amperes)   as  obtamed  for  full   load  at  80  percent 
power-factor  normal  voltage.     Oa  is  obtained  from  the  curves  in 

Fig.  6  as  follows : — 

Terminal  volts,  no  load,  at  101.5  field  amperes 7  3S0{ab) 

Terminal   volts,    full  load,   zero   power-factor    101.5 

amperes     5  750 

Total  drop  volts,  or  difference  of  these  two  value i  600  (Oa) 

Divide  the  distance  Oa  into  equal  parts  for  each  quarter  load 
up  to  the  desired  over-load.  The  distances  as  measured  in  volts 
from  the  points  c,  d,  e,  a,  and  /  to  &  will  be  approximately  the  no- 
load  voltages  required  to  give  the  normal  voltage  at  80  percent 
power  factor  at  their  respective  loads,  and  the  field  currents  can  be 
read  from  the  no-load  saturation  curve.  The  no-load  voltages  and 
their  field  currents  are  given  in  Table  VII.  This  method  for  obtain- 
ing ihe  field  current  at  fractional  loads  is  only  approximately  cor- 
rect wlin  the  norn)il  voltage  comes  on  the  bend  of  the  saturation 
curve,  but  when  the  norma'  voltage  falls  on  the  straight  part  of  the 
curve,  the  results  are  wuhm  the  limits  of  engineering  accuracy. 

The  Maqnet'jmotivc-Force  Method  is  accurate  when  the  en- 
tire working  range  of  field  excitation  is  on  the  .straight  part 
of  the  no-load  saturation  curve  The  values  of  field  excitation 
for  100  percent  power-factor  wil!  be  very  nearl>  accurate  and  will 
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check  with  the  results  obtained  by  the  modified  electromotive-force 
method;  but  at  power-factors  other  than  lOO  percent,  the  excitation 
will  be  considerably  lower  than  that  actually  required. 

The  method  of  construction  is  the  same  as  that  outlined  in  Fig. 
10,  except  that  the  base  line  is  divided  into  a  convenient  scale  of 
field  amperes  instead  of  terminal  volts.  To  obtain  the  field  current 
at  any  desired  load  and  power-factor  lay  off  in  Fig.  lo  on 
the  line  OD,  drawn  from  the  desired  power-factor,  the  value  of  field 
amperes  required  to  circulate  the  desired  load  amperes  with  the 
armature  short-circuited.  On  the  line  OA,  lay  off  to  the  same 
scale  the  value  of  field  amperes  required  to  give  the  sum  of  nor- 
mal voltage  at  no-load  position,  and  armature  ohmic  drop  (for  the 
desired  load)  ;  the  geometric  sum  of  these  field  currents  as  repre- 
sented by  the  line  ab,  will  be  the  field  at  the  desired  load  and  power- 
factor.  Then,  having  the 
values  of  field  current, 
the  percent  regulation  is 
obtained  in  the  same 
manner  as  for  the  as- 
sumed values  in  the 
modified  electromotive- 
force  method. 

The  short-circuit  arm- 

FIG.       10 — CALCULATION       OF      THE       SATURATION 

CURVE  OF  A  SYNCHRONOUS  MACHINE  AT  ANY    aturc   currcut   is   dircctly 
POWER-FACTOR  BY  DIAGRAM  proportioned  to  the  field 

excitation  at  low  saturations ;  therefore,  the  field  current  for 
any  other  load  a:  the  same  power-factor  can  be  obtained  by  lay- 
ing off  on  the  line  OD  the  value  of  field  current  directly  propor- 
tioned to  the  value  of  the  desired  load. 

For  synchronous  motors  the  construction  is  the  same,  except 
that  there  is  laid  off  on  the  line  OA  the  value  of  field  amperes  at  no 
load  which  is  required  to  give  normal  voltage  minus  the  armature 
ohmic  drop  at  the  desired  load 

Algebraically,  the  regulation  by  this  method  is  calculated  as  follows: 
Let  /w  =  the  watt  component  of  the  field  current  (the  field  current  cor- 
responding to  no-load  normal  vDltage  plus  the  armature  IR  drop  from 
the  no-load  saturation  curve);  /o  =^  the  wattless  component  (the  field 
current  corresponding  to  the  armature  load  amperes  from  the  short-cir- 
cuit saturation  curve;  and  PF  ==  the  power-factor  expressed  decimally. 
Find  the  vectorial  sum  of  /w  and  /o  at  an  angle  of  90  degrees  minus 

Cos-i  FF.     Thus,  the  vectorial  sum  =    A    (  Lv  +  LVi-PFM     +   (lxPF^ 

Then  the  percent  regulation  equals  100  (Ej — E) -=- E,  where  £i  =  the 
voltage  corresponding  to  the  vectorial  sum  of  the  field  amperes,  taken 
from  the  no-load  saturation  curve,  and  E  =  the  rated  voltage  of  the 
machine.  (To  be  continued.) 
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975 — Oil  Circuit  Breaker — A  2  500 
k.v.a.  station  supplies  power  to  a 
44000  volt,  three-phase  line  (gen- 
erated voltage  2300),  by  two  gen- 
erators, each  connected  to  its  own 
three-phase  transformer.  From  the 
transformers  the  line  passes  direct- 
ly out  of  the  station  without  any 
oil  switches  intervening.  An  electro- 
lytic lightning  arrester  protects  this 
line  and  each  transformer  is  fed 
from  a  board  through  an  automatic 
circuit  breaker.  Is  it  good  practice 
to  omit  oil  switches  between  the 
line  and  transformers  when  the 
station  supplies  only  one  circuit? 
Will  the  arrester  alone  take  care 
of  any  surges  that  may  come  in 
over  the  line? 

R.  c.  w.  (tenn.) 

On  the  score  of  economy  oil 
switches  are  not  required  on  the  liigh 
tension  side  of. the  transformers,  al- 
though the  two  banks  feed  into  a 
single  line.  However,  on  the  score  of 
convenience  it  may  sometimes  be  de- 
sirable to  have  oil  circuit  breakers  on 
the  high  tension  side  of  each  trans- 
former, as  then  failure  within  the 
transformer  wnuld  not  be  a  means  of 
shutting  down  the  whole  plant.  This 
is  pretty  well  taken  care  of  by  the 
automatic  circuit-breakers  on  the  low 
ten'iion  side  of  the  same  transformer, 
assuming  tliat  disconnecting  switches 
are  provided  on  the  liigh  tension  side 
as  now  installed.  In  general,  it 
would  be  considered  good  practice 
to  omit  the  oil  switches  in  such  a 
rnsc  if  tlie  liigh  tension  disconnecting 
switches  referred  to  are  provided 
The  electrolytic  arrester  connected 
directly  to  the  high  tension  line  out- 
side of  the  substation  will  provide 
protection  against  most  surges  likely 
to  occur.  If  the. line  is  provided  with 
an  overhead  ground  wire  the  protec- 


tion is  still  more  perfect.  However, 
with  a  direct  stroke  of  lightning,  the 
arrester  may  not  be  adequate  to  pro- 
tect the  transformer.  The  use  of  the 
generators,  transformer  and  line  as  a 
complete  unit  is  commonly  advocated 
where  the  rest  of  the  •  installation 
permits.  In  this  way  no  switches  at 
all  need  be  used  from  the  generator 
clear  through  to  the  far  end  of  the 
transmission  line.  There  should  be, 
perhaps,  a  few  non-automatic 
switches  in  the  nature  of  disconnect- 
ing units.  K.  c.  R. 

976 — Measurement  of  Polyphase 
Current — We  liave  transformers 
connected  as  shown  in  Fig.  976  (a) 
with  cross  connections  from  our 
220  volt,  three-phase  bus-bars  to 
the  no  volt,  three-phase  bus-bars. 
This  connection  was  made  because 
the  inside  delta  connection  was 
over  loaded.  We  still  have  three- 
phase,  220  volt  load  composed  of 
wires  /,  2  and  .? ;  also  a  no  volt, 
three-phase  load  composed  of  lights 
and  motors  on  wires  4,  5  and  6.  X 
is  on  wires  4,  .?  and  6,  Y  is  on  /,  4 
and  5,  while  Z  is  on  6,  5  and  2. 
The  meter  on  the  220  volt  bus  is 
five  amperes,  200  volts  polyphase 
with  two  1600/5  current  transform- 
ers and  on  the  no  volt  bus  is 
five  amperes,  loo  volt  with  two 
600/3  current  transformers.  Please 
give  all  the  data  you  can  on  this 
connection.  Is  the  company  losing 
or  the  consinner  paying  for  cur- 
rent he  is  not  getting? 

J.  G.  W.  (r.ATIF.) 

Meters  connected  as  shown  in  Fig. 
Q76  (a)  will  register  corrccily  the 
power  used  in  the  outside  delta  and 
the  power  m  the  inside  delta,  but  will 
not  register  correcil\  the  power 
taken  from  the  two  .sets  of  lines.  In 
other  words,  the  power  in  ciniiits  X. 
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Y  and  Z  will  not  be  correctly  regis- 
tered. Thus,  in  case  X,  the  voltage 
and  current  in  both  the  elements  of 
meter  No.  i  will  be  90  degrees  out 
of  phase  at  unity  power-factor  and 
will  fall  more  closely  in  phase  as  the 
power-factor  decreases.  In  both 
cases  Y  and  Z,  part  of  the  current 
will  be  measured  by  meter  No.  i  at 
the  correct  voltage,  while  part  of  it 
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Fig.  976  (a)   and   (b) 

will  be  measured  by  meter  No  2  at 
double  the  corrert  voltage,  although 
the  phase  angles  \.lll  be  wrong  in 
both  cases  depending  on  the  power- 
factor  of  the  load.  The  chances  are 
that  the  central  station  is  losing,  al- 
though there  are  certain  conditions 
of  load  and  power-factor,  whereby  a 
customer  might  be  paying  for  more 
current  than  he  is  using.  All  the 
energy  used  will  be  correctly  meas- 
ured by  six  single-phase  or  three 
polyphase  meters  connected  as  in 
Fig.  076  (b).  w.  B. 

977 — Two-Phase  to  Three-Phase 
Transformation — In  an  indus- 
trial plant  using  two-phase  and 
three-phase  550  volt  motors,  the 
method  of  power  transmission 
shown  in  Fig.  i)77  (a)  is  used,  (a) 
Can  the  phase  relation  of  such  a 
line  be  represented  graphically? 
(a)  What  would  happen  if  the 
two-phase  load  was  heavier  than 
the  three-phase?     (c)  If  the  three- 


phase  and  two-phase  motor  loads 
have  a  power-factor  of  80  percent 
respectively,  what  is  the  resultant 
power-factor  of  the  line? 

G.  C.  C.  (QUEBEC) 

(a)^The  phase  relations  of  such 
a  line  are  indicated  in  Fig.  977  (b). 
This  method  of  power  transmission 
is  thoroughly  practicable.  (b) — A 
two-phase  load  or  a  three-phase  load 
may  be  taken  from  the  sec- 
ondary separately  or  in  any  possible 
combination  and  the  primaries  will 
still  remain  balanced,  provided  the 
two-phase  and  three-phase  secondary 
loads    are    each    independently    bal- 


Phase  B 


Fig.   977    (a)   and    (b) 


anced.  (c)— The  resultant  power- 
factor  of  the  line  will  be  80  percent. 
See  also  Nos.  959  and  947.  C.  F. 


CORRECTIONS 


Lines  13,  14  and  15,  p.  610  of  the 
June,  1913,  issue,  should  read  "After 
starting  one  set,  any  two  of  ♦'he 
leads  from  the  induction  motor  of 
that  set  which,  of  course,  will  be 
running  as  a  generator,  should  be 
connected  to  two  terminals  of  the 
three-phase  line,  and  the  voltage  be- 
tween the  remaining  motor  lead  ^and 
the  third  line  terminal  measured." 

In  the  last  line  of  Table  I,  p.  850, 
of  the  September.  1913.  issue,  the 
word  "Total"  should  be  omitte4, 
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atin.u;  cngiiu-crinj;  dcpartnu-nl  of  the 
\\'cstingli(iiiso  I.anip  C()ini)any,  lias  sev- 
ered liis  connection  with  tliat  company, 
and  is  now  with  the  Lij^hting  Kn;j;incer- 
ing  Service  Company  at  50  Church 
street,  New  York  City. 


Mr.  H.  .-\.  Greene,  for  a  nunihcr  of 
years  advertising  manager  of  the 
Bridgeport  Brass  Company,  has  recently 
been  transferred  to  the  New  \'ork  sales 
oftice. 


Mr.  T.  Uuhan,  formerly  of  the  Salt 
Lake  City  district  office  of  the  West- 
inghouse  Electric  &  Mfg.  Company,  has 
been  made  manager  of  the  Montana 
Electric   Company,   of    Butte,   Mont. 


Mr.  W.  W.  Freeman,  past  president 
of  the  National  Electric  Light  Associa- 
tion, has  resigned  as  vice  i)resident  of 
the  Alaliama  Power  Company,  to  accept: 
the  position  of  vice  president  and  gen- 
eral manager  of  the  Union  Gas  & 
Electric  Company  of  Cincinnati,  Oliio. 


Mr.  Verne  W.  Shear,  until  recentlv 
electrical  engineer  of  the  Northern  Ohio 
Traction  &  Light  Company,  at  Akron 
Ohio,  is  now  established  as  commercial 
engineer  and  manufacturer's  agent,  rep- 
resenting the  Condit  Electrical  Mfg. 
Company,  Pittsburgh  Transformer  Com- 
pany, and  other  well  known  manufac- 
turers with  offices  at  the  Flatiron  Rldg., 
.Akron.  Mr.  Shear  is  a  graduate  of 
Case  School,  a  member  of  the  A.  I 
E.  E.,  and  was  for  five  years  commer- 
cial engineer  with  the  Westinghouse 
Electric  &  Mfg.  Company  at  East 
Pittsburgli. 


Mr.  T.  C.  Martin,  secretary  of  the 
National  Electric  Light  .Association,  i.-; 
on  a  vacation  trij)  abroad,  sailing  on  tlie 
Lusitania.  lie  will  visit  two  or  three 
capitals  to  study  the  central  station  in- 
dustry and  dispose  personally  of  tht 
many  in(|uiries  that  have  arisen  in  re- 
gard to  the  new  class  of  foreign  com- 
pany membership  in  the  .Association. 


At  the  convention  of  the  .American 
Electric  Railway  .Association,  at  .Atlan- 
tic City,  (X-tober  13-17.  the  following  of- 
ficers of  the  .\merican  .Associ.ition  were 
elected:  President,  Chas.  II.  Black, 
vice  president  and  general  manager  of 
the  United  Railroads  of  San  Francisco; 
first  vice  president,  C.  Loomis  .Allen, 
vice  president  Syracuse  Rapid  Transit 
Company ;   second   vice   president,   Chas. 


L.  Henry,  president  and  general  man- 
ager, Indianai)olis  and  Cinciimati  Trac- 
tion Company;  tliird  vice  president, 
John  A.  Heeler,  vice  i)resident  and  gen- 
eral manager,  the  Denver  City  Tramway 
Company;  fourth  vice  president,  L.  S. 
Storrs,  vice  president,  the  Connecticut 
Comi)any,  New  Haven,  Conn.  The  fol- 
lowing officers  of  the  Engineering  Asso- 
ciation were  elected:  President,  J.  H. 
Hanna,  chief  engineer,  Capital  Traction 
Company,  Washington,  D.  C. ;  first  vice 
president,  L.  P.  Crecelins.  superintend- 
ent of  ])ower  and  electrical  engineer,  the 
Cleveland  Railway  C(Wipany,  Cleveland. 
Ohio ;  second  vice  president,  John  Lin- 
doll,  Boston,  Mass. :  third  vice  president. 
B.  F.  Wood,  mechanical  engineer,  Penn- 
sylvania  Railroad,   .Altoona,   Pa. 


NEW  BOOKS 


"Electrical  and  Mechanical  Calcula- 
tions"— A.  A.  Atkinson.  310  pages, 
44  illustrations.  Published  by  the 
D.  \an  Nostrand  Co.  Price,  $1.50. 
This  volume  is  an  educational  text- 
book using  only  the  simplest  mathe- 
matics. In  the  main  it  is  based  on 
the  experience  of  the  author  as  Pro- 
fessor of  Physics  and  IClectrical  En- 
gineering in  Ohio  University.  It  is 
made  up  largely  of  a  step-by-step  ar- 
rangement of  problems  with  explana- 
tions interspersed.  In  the  present 
fourth  edition,  a  number  of  revisions 
have  l)een  made.  For  instance  the 
introduction  of  tungsten  lamps  has 
made  necessary  the  insertion  of  new 
constants  for  use  in  calculating  wiring. 
The  i>rincipa!  headings  after  the  us- 
ual explanation  of  fundamentals,  are 
wiring  for  light  and  ptiwer.  batteries, 
magnatism.  e.m.f.  of  dynamos  and 
motors,  elements  of  dynamo  design 
and  alternating  and  direct-current 
distribution. 


"Accident       Prevention" — 111       pages. 

80    illustrations.      Published    by    the 

United      Traction      Improvement 

Company   of   I'hiladelphia. 

The  alxne  conijiany  h.is  ])ublished 
in  convenient  l)Ot)k  form,  an  ampli- 
fied revision  of  the  illustrated  talk  on 
accident  prevention  in  certain  public 
utilities,  presented  at  the  public  pol- 
icy meeting  of  the  36th  .Annual  Con- 
vention of  the  National  Electric 
Light  Association  last  June.  This 
book  is  prepared  especially  for  super- 
intendents, foremen,  etc.  It  is  essen- 
tially a  picture  book  with  a  story  ex- 
plainint;  each  photograph  showing 
the  wrong  arrangement  and  the  rem- 
edj'. 
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NEW  BOOKS. 

"Principles  of  Irrigation  Engineer- 
ing"—F.  H.  Newell  and  D.  W. 
Murphy.  286  pages,  54  illustra- 
tions, 14  plates.  Published  by  the 
McGraw-Hill  Book  Company. 
Price,  $3.00. 

This  subject  has  received  increased 
attention  for  a  number  of  years  and 
a  specific  treatment  einbracing  the 
important  elements  of  irrigation 
work  is  of  timely  interest.  This  treat- 
ise being  sponsored  by  government 
engineers  of  national  reputation,  is 
therefore,  of  authentic  value.  Both 
government  and  private  e,nterprises 
have  developed  a  large  number  of 
irrigation  projects,  which  are  already 
showing  a  profitable  operation  or  in- 
dicating very  clearly  that  the  invest- 
ment will  in  time  bear  due  return. 
While  apparently  elementary,  irri^a- 
tion  presents  many  phases  and  prob- 
lems and  the  book  has  been  designed 
to  present  the  most  prominent  prin- 
ciples and  conditions  of  irrigation  de- 
velopments. For  this  purpose,  a 
broad  survey  of  this  branch  of  engi- 
neering is  made,  beginning  with  the 
historic  introduction  followed  by  the 
conditions  of  irrigation,  irrigable 
lands,  the  water  supply  and  features 
of  construction  applying  to  canals, 
distributing  systems,  pumping,  drain- 
age, storage,  reservoirs,  dams,  and 
water  rights,  finally  concluding  with 
a  chapter  on  economic  considera- 
tions. Transmission  of  electrical  en- 
ergy for  irrigation  purpose  has  been 
given  appreciable  impetus  and  its  ap- 
plication will  be  notably  extended  in 
the  immediate  future. 

E.D.D. 


"The  Theory  of  Measurements" — A.  de 
Forest  Palmer.  248  pages,  16  illus- 
trations, 23  mathematical  tables.  Pub- 
lished by  the  McGraw-Hill  Book  Co. 
Price,  $2.50. 

Exact  measurements  of  physical  quan- 
tities being  impossible,  it  is  of  the  great- 
est importance,  in  physical  determina- 
tions, to  know  the  degree  of  precision 
which  is  possible,  as  well  as  to  estimate 
the  probable  error,  and  from  a  series  of 
observations  to  arrive  at  a  degree  of 
precision  greater  than  is  secured  by  any 
single  observation.  Usually  a  series  of 
measurements  serves  only  to  determine 
the  probable  limits  within  which  the  ex- 
act value  lies.  Errors  due  to  known 
causes,  such  as  unavoidable  imperfec- 
tions in  instruments,  maj'  frequently  be 
eliminated  to  a  large  extent  by  suitable 
computations.  Others,  however,  are 
purely  accidental  in  nature  and  arbitrary 


in  magnitude ;  but  their  probable  distri- 
bution, in  regard  to  magnitude  and  fre- 
quency_  of  occurrence,  can  usually  be 
determined  by  statistical  methods  when 
a  sufficient  number  of  independent 
measurements  are  available.  Professor 
Palmer's  present  work  provides  a  com- 
plete classification  of  errors  of  meas- 
urement, together  with  a  comprehensive 
mathematical  treatment  of  the  various 
methods  of  determining  the  probable 
extent  and  direction  of  error  under  va- 
rious possible  conditions.  It  is  intended 
for  mature  students  of  physics  and  en- 
gineering, who  have  a  thorough  working 
knowledge  of  the  fundamental  princi- 
ples of  their  respective  branches,  as  well 
as  of  differential  and  integral  calculus, 
and  is  based  on  the  author's  experience 
and  lecture  work,  extending  over  a  num- 
ber of  years  at  Brown  University.  The 
scope  of  the  book  is  indicated  by  the  list 
of  chapter  headings :  General  Princi- 
ples, Measurements,  Classification  of 
Errors,  The  Law  of  Accidental  Errors, 
Characteristic  Errors,  Measurements  of 
Unequal  Precision,  The  Method  of 
Least  Squares,  Propogation  of  Errors, 
Errors  of  Adjusted  Measurements,  Dis- 
cussion of  Completed  Observations,  Dis- 
cussion of  Proposed  Measurements, 
Best  Magnitudes  for  Components,  Re- 
search. The  first  seven  chapters  deal 
with  the  general  principles  that  underlie 
all  measurements,  with  the  nature  and 
distribution  of  the  errors  to  which  they 
are  subject,  and  with  the  methods  by 
which  the  most  probable  result  is  de- 
rived from  a  series  of  discordant  meas- 
urements. The  next  five  chapters  are 
devoted  to  a  more  general  discussion  of 
the  precision  of  measurements,  based  on 
the  principles  established  in  the  preced- 
ing chapters.  The  applications  of  the 
theory  of  errors  to  the  determination  of 
suitable  methods  for  the  execution  of 
proposed  measurements  are  discussed  at 
some  length  and  are  illustrated. 
Throughout  the  work,  the  importance  of 
a  careful  estimate  of  the  precision  of 
the  observations  made  in  engineering 
work  is  emphasized.  In  the  last  chapter 
the  relation  between  measurement  and 
research  is  pointed  out  and  the  general 
methods  of  physical  research  are  out- 
lined. Graphical  methods  of  reduction 
and  representation  are  explained,  and 
some  applications  of  the  methods  _  of 
least  squares  are  developed.  The  im- 
portance of  timely  and  adequate,  but  not 
premature,  publication  of  the  results  of 
investigations,  in  lucid  and  concise  lan- 
guage, is  emphasized,  and  some  sug- 
gestions relative  to  the  form  of  such 
reports  are  given.  The  mathematical 
tables  at  the  end  of  the  volume  are  ex- 
ceptionally valuable.  c.  r.  R. 
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The  present  issue  completes  the  tenth  volume  of 
Ten  Years      ^^^^  Journal.     Starthig  as  a  means  of  disseminat- 

of  the  ^"S  technical  information  among  a  group  of  young 

Journal  engineers,  it  was  soon  found  that  there  was  a  wide 
demand  for  a  magazine  designed  especially  for 
those  aiming  to  fit  themselves  for  effective  engineering  work.  The 
first  announcement  and  subsequent  sending  out  for  inspection  of 
the  initial  issues  resulted  in  the  rapid  development  of  a  large  sub- 
scription list.  The  articles  were  of  a  type  not  available  elsewhere 
and  it  soon  became  evident  that  the  Journal  was  to  become  an 
important  factor  in  the  development  of  young  engineers  and  in  ad- 
vancing the  best  interests  of  the  engineering  profession.  While 
essentially  a  magazine  for  the  young  engineer,  there  were  few  who 
were  too  old  to  profit  by  keeping  in  touch  with  the  Journal.  Its 
scope  has  been  broadened  to  include  a  larger  range  of  subjects.  A 
great  majority  of  the  articles  published  have  been  of  permanent 
value  and  are  kept  for  future  reference.  It  is  thus  especially  neces- 
sary to  avoid  repetition  of  similar  discussions  and  to  be  seeking  out 
continually  those  new  subjects  which  seem  most  worthy  of  special 
attention. 

The  location  and  associations  of  the  Journal  in  one  of  the 
greatest  engineering  centers  of  the  world  have  made  it  possible  to 
present  the  latest  engineering  practice  as  seen  by  those  who  are 
leaders  in  the  profession.  Very  few  contributors  are  professional 
writers — engineering  is  their  profession — and  each  of  them  is  an 
expert  along  some  particular  line.  No  particular  claims  have  been 
made  for  literary  style;  it  has  been  the  aim  rather  to  select  for  dis- 
cussion those  developments  which  seem  most  worthy  of  recording 
and  to  present  the  important  facts  in  simple,  concise  language  for 
the  convenience  of  the  busy  man.  The  authoritative  character  of 
Journal  articles  has  had  a  great  deal  to  do  with  its  phenomenal 
growth. 

Since  the  Journal  was  started  there  have  boon  many  important 
engineering  developments.     The  improvements  in  the  lighting  field 
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have  been  especially  notable.  The  use  of  electric  power  in  various 
forms  has  increased  by  leaps  and  bounds.  The  central  station  in- 
dustry had  a  gross  income  of  about  $100000000  in  1903,  while  the 
figure  for  1913  will  doubtless  be  considerably  over  $400000000. 
The  distances  over  which  power  can  be  transmitted  economically 
have  been  largely  increased.  In  the  railway  field  there  have  been 
numerous  important  developments ;  such  as  the  use  of  higher  trolley 
voltages  with  corresponding  increases  in  efficiencies,  the  design  and 
construction  of  improved  cars  and  locomotives,  and  the  general  in- 
crease in  the  reliability  of  equipment.  Another  of  the  rapidly 
growing  industries  has  been  the  automobile  business,  in  which  the 
past  decade  has  seen  an  increase  in  production  from  i  000  cars  in 
1903  to  some  500000  in  1913.  While  the  progress  in  the  past  ten 
years  has  been  very  rapid,  the  indications  are  that  the  coming 
decade  will  witness  an  even  more  substantial  growth.  Power  and 
transmission  apparatus  is  now  much  more  sturdy  than  it  was  ten 
years  ago,  and  the  idea  of  the  relability  of  electric  power  is  becom- 
ing almost  universal.  In  this  industry  which  is  growing  so  rapidly 
it  will  be  of  greater  importance  in  the  future  for  those  who  are  in- 
terested to  keep  in  touch  with  the  current  engineering  progress. 

After  having  published  over  nine  thousand  pages,  the  Journal 
is  naturally  in  a  much  better  position  to  serve  its  readers.  Ten 
years  ago  it  was  merely  an  idea,  today  it  is  recognized  as  an  impor- 
tant medium  for  promoting  electrical  progress.  With  the  accumu- 
lated experience  gained  in  the  production  of  the  first  ten  volumes  as 
a  basis,  it  is  the  purpose  of  the  Journal  for  the  future  to  keep 
its  readers  in  close  touch  with  current  progress  and,  through  the 
cooperation  of  subscribers  in  indicating  their  needs,  to  present  a 
continuous  review  of  the  best  and  latest  practice  as  seen  by  those 
who  are  in  daily  touch  with  various  lines  of  engineering  activity. 


The  effect  of  power-factor  on  the  costs  of  operat- 
Power=Factor  '"S  power  systems  has  been  so  frequently  called  to 
Control        ^^^  attention  of  operators  that  engineers  charged 
j,y  with  the  responsibility  of  operating  generating  sys- 

Rotary         tems  have  come  to  be  perhaps  a  little  over-zealous 
Converters     '"  their  efforts  to  maintain  high  power-factors  on 
the  systems.    An  ideal  condition  would  be  to  main- 
tain unity  power-factor  throughout  a  system  at  all  times,  but  this  is 
obviously  impracticable  where  mixed  loads  of  power  and  lighting 


POWER  FACTOR  CONTROL  121 1 

are  served,  and  the  problem  then  becomes  one  of  balancing  the 
losses  attendant  upon  low  power-factor  against  the  expense  of 
maintaining  the  system  at  high  power-factor.  This  gives  the  oper- 
ating engineer  a  splendid  opportunity  for  exercising  good  judg- 
ment. 

The  synchronous  motor,  commonly  utilized  as  part  of  a 
motor-generator  set,  has  come  to  be  accepted  as  an  excellent  agent 
for  improving  the  power-factor  of  systems.  There  is  no  question 
about  the  ability  of  the  synchronous  motor,  when  properly  applied, 
to  accomplish  this  purpose,  but  the  synchronous  motor  will  not  in- 
herently deliver  the  expected  results  unless  backed  up  by  a  fair 
degree  of  intelligent  control  on  the  part  of  the  attendants  immedia- 
ately  in  charge. 

Mr.  Stahl's  article,  in  this  issue,  comparing  power-factor  effects 
of  synchronous  motors  and  rotary  converters,  very  clearly  illustrates 
this  point.  The  presentation  of  this  question  as  given  by  Mr.  Stahl 
approaches  the  subject  from  a  different  angle  than  has  heretofore 
been  attempted.  There  is  no  argument  as  to  the  ability  of  the 
synchronous  motor  when  properly  operated  to  maintain  either  a 
constant  voltage  at  the  receiving  end  of  the  line  or  to  maintain 
constant  power-factor  on  a  system  within  the  limits  of  the  motor, 
provided  the  motor  is  operated  in  such  a  manner  as  to  accomplish 
the  desired  results,  but  simply  putting  a  synchronous  motor  on  a 
system  and  then  turning  it  over  to  the  care  of  the  average  station 
operator  will,  in  most  cases,  give  results  that  fall  far  short  of  ex- 
pectations, especially  with  regard  to  corrective  effects.  The  curves 
given  indicate  the  necessity  for  careful  attendance  and  show  that 
the  field  strength  must  be  varied  with  changing  conditions  of  load, 
if  expected  results  are  to  follow. 

The  rotary  converter,  on  the  other  hand,  while  not  inherently 
designed  for  power-factor  correction,  is  shown  to  be  an  excellent 
medium  for  the  automatic  maintenance  of  cou^tant  power-factor, 
and  the  article  goes  further  in  demonstrating  that,  in  cases  where 
a  wide  variation  in  load  occurs,  the  best  average  condition  is  ob- 
tained through  the  use  of  a  rotary  converter  rather  than  through 
a  motor-generator  set  as  ordinarily  manipulated. 

Any  power  user  who  can  maintain  his  average  power-factor 
at  approximately  unity  will  naturally  be  favorably  considered  by 
a  power  company  since  the  resultant  effect  of  the  application  of  a 
large  load  at  unity  power-factor  to  the  average  system  will  neces- 
sarily increase  the  power-factor  on  that  system  and,  as  a  general 
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proposition,  a  power  customer  cannot  justly  be  called  upon  to 
operate  his  load  at  heavy  leading  power-factors  for  the  purpose  of 
correcting  the  power-factor  of  the  general  system,  unless  he  is 
compensated   in  some  measure  for  such  service. 

An  interesting  example  of  the  results  of  rotary  converter 
operation  is  found  in  the  case  of  a  large  urban  railway  which  pur- 
chases power  from  the  central  station  serving  the  same  community. 
Rotary  converters  were  adopted  as  a  transforming  medium  and  the 
railway  company  was  to  be  penalized  in  their  rate  if  their  average 
power-factor  was  maintained  at  less  than  unity.  The  first  three 
months  operation  under  this  contract  showed  an  average  power- 
factor  in  excess  of  99.75  percent,  thereby  demonstrating  that  rotary 
converters  could  be  so  operated  as  to  maintain  automatically  a 
power-factor  practically  at  unity.  E.  P.  Dillon 


When  electricity  was  first  applied  to  the  transmis- 

Simplicity  in  ^ion  of   intelligence  by  means  of   the  telegraph   a 

Automobile     simple  system   for  the  wiring  was  used,  one  wire 

Wiring         carrying  the  current  from  the  battery  through  the 

key  or  switch  to  the  relay  at  the  other  end  of  the 
line  and  through  to  ground  which  formed  the  return  path.  This 
was  and  still  is  the  easiest  and  cheapest  way  of  transmitting  a 
small  volume  of  current  from  one  point  to  another.  Later 
the  telephone  was  arranged  in  the  same  manner,  but  the  loop 
formed  by  several  outgoing  wires  and  the  ground  return  wire  were 
so  wide  that  mutual  induction  and  cross-talk  was  introduced.  Then 
street  railway  systems  came  and  their  grounded  circuits  introduced 
so  much  noise  in  the  telephone  circuits  that  the  latter  were  finally 
forced  to  use  a  two-wire  system.  Street  railways  continue  to  use 
the  single  wire,  ground  return  system  because  it  is  the  easiest, 
simplest  and  least  expensive  system,  although  occasionally  they 
are  unwillingly  forced  to  a  two-wire  system,  when  excessive 
electrolytic  effects  on  water  and  gas  pipes  have  made  the 
substitution  necessary.  With  electric  light  and  power  systems  a 
return  wire  was  necessary  from  the  first  on  account  of  the  difficulty 
in  getting  good  low  resistance  ground  connections  for  the  return 
path.  It  is  safe  to  say  that  were  it  not  for  troubles  due  to  self  or 
mutual  induction,  electrolysis  or  the  ground  resistance,  almost  all 
electric  circuits  would  use  the  simple  grounded  system. 

In  the  article  by  Mr.  C.  E.  Wilson  on  "Electrical  Equipment 
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for  Automobiles,"  in  this  issue,  an  electric  power  and  lighting  sys- 
tem is  shown  which,  on  account  of  being  a  self-contained  unit 
mounted  on  the  metal  frame  of  an  automobile,  makes  possible  the 
use  of  the  simple  single  wire  system.  The  metal  frame  of  the  car 
is  admirably  suited  for  the  ground  connection.  No  inductive  effects 
have  to  be  avoided,  no  electrolysis  has  to  be  considered  and  the 
conductivity  of  the  frame  is  much  higher  than  that  of  the  wires  of 
the  ungrounded  side  of  the  circuit.  No  special  precautions  need 
be  taken  about  joints  in  the  frame  as  all  bolts  and  screws  must  be 
set  up  so  tightly  for  mechanical  reasons  that  the  electrical  conduc- 
tivity of  the  joints  is  very  high.  Such  a  system  is  inherently 
simpler  than  the  two-wire  system.  There  are  only  half  as  many 
electrical  connections  to  make  and  there  is  twice  as  much  room  for 
making  them.  Insulation  is  simplified  and  much  better  insulation 
can  be  obtained  for  the  same  space  used.  In  up-to-date  installa- 
tions, the  wires  are  run  in  flexible  metal  conduit  and  with  the 
single  wire  system  only  half  as  many  wires  are  pulled  through  the 
conduit,  and  consequently  smaller  conduit  can  be  used. 

In  general  on  any  piece  of  apparatus  which  is  made  up  in  large 
quantities,  and  Mr.  Wilson's  figures  show  the  immense  quantities 
in  which  automobile  equipment  is  demanded,  it  is  desirable  to  break 
away  from  accepted  standards  and  adopt  new  ones  if  by  so  doing 
simplicity  is  introduced.  A  few  of  the  first  automobile  lighting 
systems  used  the  two-wire  system — copying  after  house  lighting 
systems — but  now  that  it  is  realized  that  there  is  no  excuse  for  the 
two  wires,  automobile  manufacturers  are  establishing  as  standard 
the  simpler,  more  reliable  single  wire  system.  The  time  to  stand- 
arize  is  now,  before  the  number  of  installations  has  grown  to  the 
million  mark  and  the  difficulty  of  making  any  changes  is  increased. 

A.  W.  Copley 


III  an  article  on  "Artificial   Resu.scitation"   in  the 
Resuscitation  present  issue  of  the  Journal,  Dr.  Chas.  A.  Lauf- 
From  f-r  niakes   some   strong   statements   regarding   the 

F-:iectrica!  moral  liability  of  a  by-standcr  in  case  of  failure 
Shocks  to  be  able  to  practice  artificial  respiration  upon  the 
victim  of  an  electrical  shock  or  asphyxiation.  The 
case  is,  however,  even  stronger.  In  addition  to  his  moral  obliga- 
tion to  others,  from  a  purely  personal  and  selfish  standpoint,  every 
electrical  worker  should  insist  that  his  co-workers  fit  themselves 
to  perform  the    same    good    services    upon    himself    in    case    of 
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emergency.  A  combination  of  the  two  attitudes  should  speedily 
bring  about  a  wide  spread  dissemination  of  information  concern- 
ing the  best  methods  of  resuscitation  from  accidental  suspension 
of  respiration. 

In  this  connection  we  desire  to  commend  Dr.  Lauffer's  sug- 
gestion, made  to  the  Eastern  New  York  Section  of  the  National 
Electric  Light  Association  and  heartily  sanctioned  by  that  section, 
that  a  suitable  honorary  medal  awarded  be  to  persons  resuscitating 
victims  of  electric  shock.  The  award  to  the  person  rendering 
first  assistance  should  not,  of  course,  be  invalidated  by  the  fact 
that  the  actual  return  to  consciousness  on  the  part  of  the  patient 
may  have  occurred,  after  an  interval  of  time,  under  the  ministra- 
tions of  a  physician,  or  as  the  result  of  the  application  of  some 
mechanical  apparatus  for  artificial  respiration,  for  in  the  majority 
of  cases  the  services  of  the  physician  or  the  apparatus  are  liable 
to  prove  unavailing  unless  the  respiration  has  been  constantly 
maintained   from   the  moment  of  the  accident. 

It  is  not  intended  by  this  statement  to  minimize  in  any  way 
the  imoortance  of  summoning  a  physician  immediately,  who  by 
methods  impracticable  to  the  layman,  may  do  much  to  stimulate 
the  patient's  heart  action  and  nerve  centers.  But  the  physician  is 
seldom  near  in  time  of  accident.  Even  Dr.  Lauffer  himself,  who 
has  taught  methods  of  resuscitation  to  others  for  years,  and  has 
been  daily  on  duty  close  at  hand  to  a  large  force  of  workmen,  has 
never  had  an  opportunity  to  practice  the  method  he  advocates  upon 
the  victim  of  electric  shock,  although  a  number  of  such  cases  have 
been  successfully  handled  during  the  past  year,  by  workmen  whom 
he  has  trained. 

We  do  not  understand  that  the  idea  in  the  presentation  of 
medals  is  to  promote  heroism.  We  have  sufficient  confidence  in 
the  inherent  nobility  of  mankind  to  believe  that  every  person  will 
do  all  that  he  can  to  assist  a  fellow  workman  in  time  of  emergency. 
But  we  do  believe  that  the  presentation  of  such  medals  will  do 
much  to  encourage  every  person  in  any  way  connected  with  the 
electrical  industry,  to  become  familiar  with  the  various  methods 
of  resuscitation,  and  to  be  prepared  to  act  intelligently  and 
promptly  when  the  emergency  arises.  Moreover,  as  suggested  in 
the  paper  such  a  inethod  of  recognizing  cases  of  resuscitation  will 
make  possible  the  accumulation  of  a  large  amount  of  data,  which 
will  do  much  toward  clearing  up  certain  mooted  questions  regard- 
ing the  relative  efficacy  of  the  various  methods  in  vogue.     From 
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the  scientific  standpoint,  such  a  system  of  records,  showing  for 
each  case  the  voltage  and  conditions  surrounding  the  accident,  the 
nature  of  shock  and  burns,  the  method  of  disconnecting  from  the 
circuit,  the  subsequent  treatment  and  the  ultimate  result,  should 
prove  of  incalculable  value. 

Chas.  R.  Riker 


One  thousand  answers  to  questions  have  been  pub- 
One  Thousand  Wished  in  The  Journal  Question  Box.    This  service 
Questions       ^o  our  subscribers,   which   was   started   in   a  very 
and  modest  way  several  years  ago,  has  grown  to  be  of 

Answers        considerable  importance.     Even  before  the  regular 

publication  of  answers  was  begun,  assistance  had 
been  rendered  to  numerous  subscribers  who  were  having  difficulties. 
Many  of  these  inquiries  were  of  general  interest,  and  it  was  thought 
advisable  to  publish  selected  answers  s(5  that  our  readers  in  general 
might  receive  the  benefit  of  these  suggestions.  With  the  increasing 
number  of  these  inquiries,  it  became  necessary  to  arrange  a  regular 
system  for  handling  them,  and  hence  the  inauguration  of  the 
Question  Box.  Many  questions  are  of  personal  rather  than  gen- 
eral interest,  and  hence  the  answers  are  not  published.  All  an- 
swers are  forwarded  to  the  inquirer  direct  as  soon  as  prepared 
without  awaiting  publication,  as  many  questions  are  quite  urgent. 
The  Journal  is  peculiarly  well  fitted  to  furnish  authoritative 
answers  on  a  great  variety  of  engineering  topics.  It  does  not  de- 
pend on  a  single  group  of  individuals  for  replies,  but  refers  each 
question  to  an  expert  in  the  particular  subject  involved,  who  is  best 
fitted  to  furnish  an  authoritative  answer.  With  such  a  large  staff 
of  expert  advisers  at  hand,  the  Question  Box  editor  is  able  to  carry 
on  a  very  high  grade  type  of  consulting  work,  and  many  of  our 
readers  have  found  the  Question  Box  worth  many  times  the 
price  of  a  subscription. 

Since  the  Question  Box  was  started  a  number  of  other  ques- 
tion boxes  have  been  begun  along  similar  lines,  which  are  un- 
doubtedly of  great  assistance  to  those  so  served,  notably  the  ques- 
tion boxes  provided  for  members  of  the  National  Electric  Light 
Association  and  the  American  Electric  Railway  Association.  Ex- 
cellent as  these  are,  however,  there  is  one  feature  which,  while 
probably  a  necessity  in  these  two  instances,  is  not  productive  of 
assurance  on  the  part  of  inquirers,  and  that  is  the  giving  of  an- 


I2i6  THE  ELECTRIC  JOURNAL 

swers  from  a  number  of  different  persons  which  may  or  may  not 
agree  in  their  essentials.  It  has  been  the  aim  of  the  Journal, 
whenever  any  doubt  or  difference  of  opinion  was  present,  to  con- 
sult other  authorities  and  revise  the  answers  in  various  ways  until 
a  composite  reply  is  secured,  which  is  the  best  answer  obtainable 
from  a  number  of  those  who  are  most  expert  in  the  subject.  Each 
question  is  passed  upon  by  at  least  three  persons  and,  whenever 
advisable,  by  others  before  being  published  in  the  Journal.  It  is 
worthy  of  note  in  this  connection  that  those  inquirers  who  are 
farthest  removed  from  the  large  centers  seem  to  be  most  appre- 
ciative of  service  such  as  the  Journal  has  been  offering.  In  many 
cases,  the  inquirers  have  encountered  difficulties  in  operating  work 
which  they  are  expected  to  remedy  and  a  prompt,  direct  reply, 
giving  the  best  solution  of  their  particular  problem,  is  naturally 
appreciated. 

After  publishing  the  answers  to  a  thousand  questions,  the 
editors  of  the  Journal  would  like  an  answer  to  a  question  which 
has  been  suggested  a  number  of  times.  The  question  is,  Are  a 
sufficient  number  of  readers  interested  to  make  it  worth  while  to 
review  all  of  the  answers  published  to  date  and  classify  them  in 
topical  form,  grouping  all  answers  on  any  one  subject  together, 
and  publish  them  in  book  form  at  a  moderate  price.  At  present 
the  replies  are  scattered  through  several  volumes,  and  it  is  be- 
coming increasingly  difficult  to  locate  quickly  all  answers  which 
have  appeared  on  a  given  subject.  It  now  remains  to  be  deter- 
mined whether  the  demand  is  large  or  small.  If  there  is  a  consid- 
erable call  for  such  a  publication  it  will  be  undertaken,  with 
the  idea  of  making  it  a  permanent  feature,  by  revising  the  publica- 
tion from  time  to  time  to  include  new  answers  which  have  ap- 
peared since  the  last  edition  was  published.  There  is  no  doubt 
that  the  Question  Box  contains  a  great  deal  of  valuable  informa- 
tion. If  Journal  subscribers  are  sufficiently  interested,  the  editors 
will  undertake  to  get  out  a  Question  and  Answer  book  for  their 
use.     What  say  you? 


PROTECTION  AGAINST  SHORT-CIRCUITS* 

p.  M.  LINCOLN 

THE  large  and  rapid  increase  in  the  size  of  electric  plants  dur- 
ing recent  years  has  brought  about  many  new  problems,  not 
the  least  of  which  is  the  constantly  increasing  difficulty  of 
obtaining  adequate  protection  from  short-circuits.  This  paper  pro- 
poses to  deal  with  the  general  subject  of  protection  against  short- 
circuits,  tracing  the  development  of  the  various  measures  that  have 
been  used,  and  proposing  certain  modifications  of  existing  pratices 
that  seem  to  the  writer  to  be  logical. 

Circuit  protection  may  be  regarded  from  two  viewpoints, 
namely  :—i— Protection  to  apparatus ;  2— Protection  to  service.  To 
the  operating  man,  protection  to  service  is  paramount.  He  aims  at 
all  cost,  to  keep  power  on  his  lines  continuously ;  if  need  be,  he  is 
willing  to  sacrifice  protection  to  apparatus  to  a  considerable  extent 
to  attain  this  end.  In  other  words,  whenever  protection  to  service 
and  protection  to  apparatus  happen  to  conflict,  the  operating  man 
will  choose  protection  to  service  rather  than  to  apparatus. 

Simultaneous  with  the  growth  of  electric  supply  stations,  at 
least  two  new  effects  began  to  be  noticed  at  the  time  of  short-circuit. 
These  effects  were: — 

I— Severe  mechanical  stresses  along  the  path  of  the  short- 
circuit,  becoming  particularly  damaging  in  the  distortion  of  gen- 
erator armature  windings. 

2— The  inability  of  the  then  existing  types  of  oil  circuit  break- 
ers to  open  short-circuits  on  large  plants  successfully. 

It  was  on  the  first  Niagara  generators  that  armature  winding 
distortions  were  first  noted.  The  writer  well  remembers  making  a 
considerable  number  of  short-circuit  tests  upon  the  original  Niagara 
plant,  for  the  purpose  of  testing  switches,  etc.  Shortly  after  "that 
it  was  observed  that  the  armature  conductors  of  the  generators,  at 
the  point  where  they  projected  from  the  iron  of  the  armature,  were 
bent,  the  bending  being  particularly  noticeable  at  the  division  point 
between  adjacent  phases.  It  was  not  difficult  to  establish  a  con- 
nection between  the  short-circuit  tests  and  the  condition  of  the 
armature  windings.  In  the  case  of  the  Niagara  generators  the 
remedy  consisted  in  the  design  and  use  of  a  special  form  of  block- 
ing for  bracing  the  armature  conductors,  which  is  believed  to  be  the 

*Ar~papcr  read  at  the  annual  convention  of  the  Association  of  Edi- 
son Illuminating  Companies.  Cooperstown,  New  York.  September  Q-n. 
1913.     Reprinted  by  permission. 
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first  attempt,  on  any  machines,  to  guard  against  distortion  of  arma- 
ture windings  due  to  excessive  short-circuit  currents. 

At  Niagara  the  generator  windings  were  not  the  only  part  of 
the  path  of  short-circuit  current  in  which  mechanical  stresses  were 
observed.  Bending  of  bus-bars,  and  the  throwing  of  cables  off 
cable  racks,  were  also  experienced  at  times.  In  one  case  a  short- 
circuit  at  a  sub-station  about  one-half  mile  from  the  main  generat- 
ing station  resulted  in  throwing  about  2  000  feet  of  i  000  000  circ. 
mil  lead-covered  cable  from  its  bracket  on  one  side  of  a  narrow 
tunnel  to  a  lower  bracket  on  the  opposite  side.  This  experience, 
coupled  with  some  others  of  a  similar  nature,  lead  to  clamping  down 
the  cables  thereafter. 

Although  the  Niagara  plant  was  the  first  to  experience  trouble 
with  the  distortion  of  armature  windings,  it  was,  by  no  means,  the 
last.  One  of  the  elements  that  governs  the  amount  of  mechanical 
stress  set  up  in  armature  windings  is  the  normal  capacity  per  pole 
of  the  generator.  With  the  advent  of  turbo-generators  came  much 
higher  speeds,  therefore,  fewer  poles,  as  well  as  a  marked  increase 
in  generator  capacities.  The  problem  of  winding  stresses,  there- 
fore, lias  reached  a  maximum  with  the  coming  of  the  large  capacity, 
high-speed,  modern  turbo-generator. 

During  the  same  period  that  this  problem  of  armature  winding 
distortion  was  developing  another  serious  problem  also  began  to 
confront  the  electrical  engineer.  It  was  noticed  that  the  breaking 
capacity  of  the  then  existing  oil  switches  was  not  sufficient  to  take 
care  of  the  largest  of  the  central  stations  of  the  day,  and  it  began 
to  be  realized  that  when  stations  containing  more  than  a  given  aggre- 
gate capacity  were  short-circuited,  no  oil  switch  that  existed,  up  to 
that  time,  could  be  relied  upon  to  open  successfully.  Analysis,  as 
well  as  experiment,  showed  that  during  the  first  few  cycles  of  a 
short-circuit  the  amount  of  current  that  may  be  taken  from  a  gen- 
erator, or  other  synchronous  machine,  is  vastly  in  excess  of  the 
value  to  which  it  settles  after  a  few  seconds.  It  is  the  existence  of 
this  enormous  first  rush  of  current  that  gives  rise  to  both  of  these 
difficulties.  As  soon  as  this  phase  of  the  problem  was  thoroughly 
appreciated,  the  natural  remedy  that  suggested  itself  was  to  employ 
some  means  of  cutting  down  this  first  rush  of  current ;  and  thus  we 
were  logically  led  to  the  use  of  choke  coils  in  generator  leads.  Al- 
though the  use  of  such  choke  coils  is  less  than  five  years  old,  they 
are  now  considered,  by  many  engineers,  as  the  standard  arrange-, 
ment  when  designing  plants  of  relatively  large  capacity. 
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The  questions  which  now  arise,  and  which  are  discussed  in  the 
following  pages  are: — 

I — Is  this  obvious  remedy,  which  was  first  applied,  the  best 
one? 

2 — Is  it  not  possible  to  arrange  current-limiting  devices  at 
places  other  than  in  generator  circuits  and  obtain  better  results? 

A  single  line  diagram  of  an  elementary  arrangement  of  gen- 
erators and  feeders  is  shown  in  Fig.  i.  In  general,  in  the  large 
centers,  power  is  distributed  through  underground  circuits.  A 
plant  which  distributes  its  power  underground  will,  normally,  have 
many  more  feeders  than  there  are  generators.  This  follows  from 
the  simple  proposition  that  the  amount  of  energy  which  it  is  possi- 
ble to  take  out  in  a  single  feeder  underground  is  limited  by  the 
matter  of  maximum  cable  capacity  and  the  size  of  standard  ducts. 
A  250  000  circ.  mil  three-conductor  cable  has  an  over-all  diameter 
of  something  over  three  inches,  and  is,  therefore,  about  as  large  as 
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can  be  drawn  through  standard  city  conduits.  The  limit  in  con- 
tinuous carrying  capacity  of  cables  of  this  size  does  not  exceed  3  cxx) 
k.v.a.  at  distributing  voltages  of  1 1  000  and  less,  a  voltage  that  few 
underground  distributing  systems  exceed.  It  is  rarely  possible  to 
install  feeders  so  that  they  are  used  to  their  maximum  capacity, 
and.  therefore,  the  average  size  of  underground  feeders  may  safely 
be  assumed  at  considerably  less  than  3000  k.v.a.  On  the  other 
hand,  the  generators  used  in  modern  central  stations  are  rarely  less 
than  10  000  k.v.a  each,  at  least  not  in  those  central  stations  which 
have  attained  sulticient  size  to  give  rise  to  the  problems  which  have 
been  mentioned  It  is  evident,  therefore,  that  the  number  of  feeders 
whidi  will  radiate  from  a  modern  central  station  will  be  consider- 
ably in  excess  of  the  number  of  generators  which  that  station 
•utilizes,  ranging  from  possibly  three  times  as  many  as  a  minimum 
to  15  or  20  times  as  many  as  a  maximum. 
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A  power  plant  arrangement  such  as  was  standard  before  the 
era  of  choke  coils  is  indicated  in  Fig.  i.  Let  us  assume  a  short- 
circuit  on  this  system,  for  instance,  on  a  feeder  at  a  point  close  to 
the  bus-bars,  as  at  A,  and  let  us  analyze  the  effects  of  such  a  short- 
circuit.  Of  course,  an  enormous  current  will  flow  through  this 
short-circuit,  being  a  maximum  during  the  first  cycle.  During  the 
first  few  cycles  practically  the  only  impediment  offered  to  the 
passage  of  current  is  the  inherent  reactance  of  the  generator  wind- 
ings themselves.  The  voltage  that  will  be  taken  up  in  the  arc  at  the 
point  of  the  short-circuit  may  possibly  have  a  value  as  high  as  a  few 
hundred  volts  at  the  utmost,  and  it  is  obvious  that  this  will  be  but  a 
very  small  proportion  of  the  total  voltage  that  existed  just  before 
the  short-circuit  occurred.  The  remainder  of  the  bus-bar  voltage 
must  be  accounted  for  in  other  ways.  Some  of  it,  of  course,  ap- 
pears in  the  resistance  and  reactance  of  the  bus-bars  themselves, 
and  of  the  generator  leads  up  to  the  point  of  short-circuit.  The 
amount  of  resistance  and  reactance  between  the  generator  terminals 
and  the  point  of  short-circuit  is,  however,  very  small  compared  to 
the  inherent  reactance  and  resistance  of  the  generator  windings 
themselves,  and  it  is  obvious,  therefore,  that  by  far  the  largest  part 
of  the  voltage  of  the  bus-bars  will  be  taken  up  in  overcoming  this 
generator  impedance.  Also,  since  the  generator  reactance  is  many 
times  as  great  as  its  resistance,  it  is  evident  that  most  of  the  voltage 
will  be  taken  up  in  overcoming  inherent  generator  reactance.  Since 
practically  all  of  the  voltage  is  thus  used  up  inside  of  the  gen- 
erators, the  amount  left  on  the  bus-bars  will  be  a  relatively  small 
proportion  of  normal.  The  condition  of  a  short-circuit  at  A  will, 
therefore,  give  rise  to  excessive  currents  through  the  generators, 
the  value  being  limited  only  by  the  design  of  the  generator  as  re- 
gards inherent  reactance.  On  many  of  the  earlier  types  of  machines 
such  excessive  currents  caused  distortion  of  the  windings. 

The  current  through  the  feeder  switch  on  feeder  A  will  be  still 
more  excessive,  since  the  current  from  all  of  the  generators  will 
pass  through  this  switch.  Nor  is  this  all  of  the  shock  that  will  be 
sustained  by  the  switch ;  not  only  do  the  generators  feed  current  into 
such  a  short-circuit,  but  every  synchronous  machine  on  the  entire 
system  does  the  same.  The  effect  of  distant  synchronous  machines 
will  be  limited,  owing  to  the  fact  that  they  will  probably  have  a 
certain  amount  of  feeder  cable  between  them  and  the  point  of  short- 
circuit,  but  their  effect  is  such  as  to  increase  the  strain  on  the  switch 
over  what  it  would  be  if  the  load  did  not  consist  of  synchronous  ap- 
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paratus.  The  shock  on  the  feeder  switch  will,  therefore,  be  tre- 
mondously  severe.  The  shock  on  the  generator  switches,  if  they 
are  automatic,  will  also  be  severe,  since  each  generator  switch  will 
momentarily  deliver  all  of  the  current  that  it  is  possible  to  obtain 
from  the  generator,  and,  if  the  generator  circuit  breaker  is  ever  to 
trip,  it  will  trip  under  such  conditions.  It  is  obvious,  however,  that 
the  shock  on  the  generator  circuit  breakers  cannot  be  as  severe  as 
that  upon  the  feeder  circuit  breaker,  since  the  latter  must  pass  the 
current  from  all  synchronous  apparatus,  whereas  the  generator 
circuit  breaker  is  limited  to  the  maximum  possible  output  of  a 
single  machine. 

The  two  effects  that  will  be  most  noticeable,   from  a  short- 
circuit  such  as  assumed,  are  the  distortion  of  generator  windings 
and  the  failure  of  the  feeder  switch.    There  is  another  effect,  how- 
ever, that,  from  the  standpoint  of  protection  to  service,  is  still  more 
important,  and  that  is  the  dropping  out  of  step  of  synchronous  ap- 
paratus  during  the   interval   that   the  short-circuit   at  A   persists. 
Since  practically  all  of  the  voltage  of  the  bus-bars  is  taken  up  in 
circulating  current  through  the  generator  windings,  the  proportion 
that  remains  on  the  bus-bars  during  the  persistance  of  the  short- 
circuit  is  very  small.     This  means,  of  course,  that  no  current  can 
circulate  between   synchronous   machines   during  the   short-circuit 
interval,  and  they  are,  therefore,  free  to  drift  apart  during  this  in- 
terval, as  conditions  thereon  may  dictate.     Assuming,  for  instance, 
that  we  have  a  synchronous  motor  carrying  full  load,  and  that  a 
short-circuit  such  as  we  have  assumed  occurs,  the  motor  will  begin 
to  slow  down  rapidly,  due,  not  only  to  the  drag  of  its  load,  but  also 
owing  to  the  energy  which  the  motor  itself  begins  to  pump  into  the 
short-circuit.     The  generators  themsebes  may  also  begin  to  slow 
down,  owing  to  the  fact  that  they  are  pumping  energ\'  into  the  short- 
circuit.    The  rate  of  slowing  down  of  the  various  synchronous  ma- 
chines will  not  be  the  same,  since  it  will  depend  upon  the  amount 
of  drag,  as  well  as  upon  the  momentum  of  the  revolving  parts. 
Therefore,    if   the   short-circuit   persists   more   than    a    very   brief 
length  of  time  the  voltage,  when   it   reappears,  will   find  another 
short-circuit,  owing  to  the  fact  that  the  synchronous  apparatus  of 
the  system  is  in  improper  phase  relation.     If  the  amount  of  syn- 
chronous apparatus  on  the  system  is   relatively   small   it  may  be 
dragged  back  into  step  within  a  few  seconds.    However,  in  order  to 
drag  synchronous  apparatus  into  step  with  a  generator,  the  amount 
of  current  taken  is  excessive,  so  excessive,  in  fact,  that  it  is  impossi- 
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ble  for  the  generators  to  supply  sufficient  current  for  this  purpose,  if 
all  of  the  load  on  the  generators  consists  of  synchronous  apparatus. 
While  a  generator  might  drag  back  a  quarter  of  its  capacity  of  syn- 
chronous apparatus  into  step,  it  will  be  impossible  to  accomplish  this 
result  when  the  synchronous  load  amounts  to  lOO  percent  or  more 
of  the  generator  capacity,  such  as  it  is  in  stations  having  rotary 
converters  or  motor-generator  sets  as  their  principal  load. 

Just  what  length  of  time  is  required  for  the  dropping  out  of 
step  of  synchronous  apparatus  is  difficult,  if  not  impossible,  to  say. 
Certain  tests  made  with  synchronous  apparatus  on  the  25-cycle 
Niagara  system  have  indicated  that  a  suspension  of  voltage  for 
three  cycles  would  not  cause  a  pulling  out  of  step,  while  if  sus- 
pension persisted  for  eight  to  ten  cycles,  a  falling  out  was  probable. 
This  is  simply  one  case,  and  that  other  cases  would  be  similar  does 
not  follow.  The  nature  of  the  apparatus  evidently  has  an  impor- 
tant bearing  on  this  point.     Synchronous  motor-generator  sets,  for 
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FIG.    2 — CHOKE    COILS    IN    GENERATOR    CIRCUITS 

instance,  will  evidently  be  much  more  liable  to  fall  out  of  step  dur- 
ing suspension  of  voltage  than  will  rotary  converters,  because  the 
load  on  a  synchronous  motor-generator  set  will  cause  a  mechanical 
drag,  while  the  cessation  of  continuous  voltage,  simultaneously  with 
the  cessation  of  alternating  voltage  in  the  case  of  a  rotary  con- 
verter, will  also  suspend  the  drag  of  the  load. 

In  applying  a  remedy  for  the  difficulties  that  were  thus  mani- 
fested during  short-circuits,  it  was  the  obvious  damage  to  windings 
and  switches  that  centered  attention,  and  the  remedy  was  aimed 
directly  at  these  difficulties.  The  next  step  in  the  matter  of  circuit 
protection  was  the  installation  of  choke  coils  in  generator  leads. 

Let  us  analyze,  as  we  have  in  the  case  of  Fig.  i,  the  efifect  that 
the  presence  of  these  choke  coils  will  have  in  the  case  of  a  short- 
circuit  at  point  A  in  Fig.  2. 

I — It    is    evident    that    the    rush    of    current    through     the 
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generators  will  Ix-  reduced,  owiuf,'-  to  the  fact  that  the  current 
is  now  limited  by  external,  as  well  as  the  internal  reactance 
of  the  generator  windings.  Bearing  in  mind  that  the  stresses  in 
the  windings  vary  as  the  square  of  the  current  therein,  it  is  evident 
that  the  problem  of  winding  distortion  is  well  met  by  this  remedy. 

2— The  amount  of  current  through  the  switch  is  reduced, 
since  the  current  from  the  generators  has  been  decreased.  It  should 
be  pointed  out,  however,  that  it  is  only  that  portion  of  the  current 
that  comes  from  the  generators  that  is  reduced  by  this  remedy,  and 
that  that  part  of  the  current  that  comes  from  the  synchronous  ap- 
paratus, other  than  the  generators,  is  not  affected  by  this  addition  of 
generator  choke  coils.  It  is  evident,  however,  that  the  presence  of 
these  choke  coils  in  the  generator  leads  will  considerably  reduce 
the  strain  upon  the  circuit  breaker  in  the  feeder  circuit,  as  well  as 
upon  those  in  the  generator  circuits.  Whether  or  not  the  easing 
up  is  sufficient  to  allow  the  circuit  breaker  to  act  properly  is  en- 
tirely a  question  of  degree,  and  depends  upon  the  conditions  sur- 
rounding the  case.  If  a  50000  k.v.a.  plant  is  large  enough  to  cause 
a  circuit  breaker  to  blow  up  without  the  use  of  generator  choke 
coils,  a  100  000  k.v.a.  plant  will  cause  an  equal  amount  of  distress, 
even  when  the  choke  coils  have  been  added ;  assuming  that  the  ex- 
ternal choke  coil  has  a  reactance  no  greater  than  the  internal  react- 
ance of  the  generator  winding — an  assumption  which  is  usually  not 
far  from  correct.  Although  the  remedy,  therefore,  is  in  the  right 
direction  for  easing  up  on  circuit  breaker  stresses,  the  question  of 
degree  is  always  present,  and  each  case  must  determine  for  itself 
whether  or  not  the  circuit  breakers  installed  are  capable  of  taking 
care  of  the  service.  In  any  event,  any  feeder  switch  in  Fig.  2  is  in 
position  to  receive  the  maximum  possible  stress  that  may  be  caused 
by  this  system,  and  all  of  the  feeder  circuit  breakers  should  be 
capable  of  withstanding  the  maximum  shock  that  the  system  is 
able  to  give. 

3 — The  disappearance  of  voltage  on  the  bus-bars  during  the 
persistance  of  a  short-circuit  is  more  complete  with  choke  coils 
arranged  as  in  Fig.  2,  than  if  there  are  no  choke  coils.  The  ten- 
dency, therefore,  for  synchronous  apparatus  to  stay  in  step  is  mate- 
rially reduced  by  the  use  of  such  choke  coils.  It  is  the  prevention 
of  this  dropping  out  of  step  of  synchronous  apparatus  that  is  of  the 
utmost  importance  from  the  viewpoint  of  continuity  of  service. 
Protection  to  generator  windings  and  to  switches  constitutes  more 
of  a  protection  to  apparatus  than  a  protection  to  service,  whereas  the 
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maintenance  of  voltage  on  the  bus-bars  during  the  persistance  of  a 
short-circuit  constitutes  a  protection  to  service  rather  than  to  appa- 
ratus. Any  measures,  therefore,  by  which  we  can  maintain  voltage 
on  the  bus-bars  during  the  continuance  of  a  short-circuit  will  thereby 
tend  to  protect  the  service.  The  fact,  therefore,  that  this  use  of 
choke  coils  makes  synchronous  apparatus  all  the  more  certain  to 
drop  out  of  step  is  one  which  constitutes  a  very  decided  disadvantage 
to  placing  choke  coils  in  generator  leads,  as  indicated  in  the  ar- 
rangement shown  in  Fig.  2. 

The  arrangement  of  choke  coils  shown  in  Fig.  3  is  such  that  it 
will  improve  conditions  viewed  by  all  three  of  the  preceding  stand- 
points. Here  we  remove  the  choke  coils  entirely  from  the  generator 
leads  and  place  them  in  the  feeder  leads.  Also,  instead  of  making 
these  choke  coils  of  the  order  of  five  to  ten  percent  voltage  at  full 
load,  as  they  usually  are  wlien  placed  in  generator  leads,  we  would 
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FIG.   3 — CHOKE   COILS   IN    FEEDER   CIRCUITS 

propose  to  make  them  of  the  order  of  from  three  to  six  percent,  or 
possibly  less.  Therefore,  while  the  number  of  choke  coils  is  con- 
siderably increased  by  the  arrangement  shown  in  Fig.  3,  the  aggre- 
gate k.v.a.  capacity  of  choke  coils  is  reduced.  The  cost  of  installing 
such  choke  coils  should  not  be  materially  modified  by  this  change 
in  location. 

Let  us  see,  now,  what  will  happen  when  we  have  a  short-circuit 
at  the  point  A  in  Fig.  3. 

I — The  strains  on  the  generator  windings  will  be  reduced  to  a 
value  much  lower  than  would  exist  with  the  arrangement  in  Fig.  2. 
This  follows  from  the  consideration  that  the  capacity  of  a  single 
generator  is,  as  pointed  out  above,  much  greater  than  the  capacity 
of  a  single  feeder,  and,  consequently,  the  value  of  a  three  percent 
reactance  in  a  feeder  circuit  of  say  3  000  k.v.a.  capacity  will  have  as 
high  a  value  as  that  of  even  a  ten  percent  reactance  on  a  generator 
capacity  of  say  10  000  k.v.a.     Moreover,  all  of  the  current  which 
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passes  through  the  feeder  reactance  must  come  from  the  generators, 
and  this  total  current  is  divided  into  as  many  parts  as  there  arc 
generators  operating.  It  Ts  evident,  therefore,  that  the  generator 
currents  are  hmited  to  a  very  much  smaller  amount  by  the  arrange- 
ment shown  in  Fig.  3.  I  do  not  consider  this  of  controlling  impor- 
tance, since,  as  will  be  brought  out  later,  modern  generators  have 
been  designed  with  a  very  much  improved  bracing  of  windings,  so 
that  they  are  perfectly  capable  of  withstanding  any  short-circuit 
conditions  that  are  apt  to  be  imposed  upon  them,  and  do  not  need 
to  have  the  protection  of  choke  coils.  The  main  reason  for  sug- 
gesting choke  coils,  as  shown  in  Fig.  3,  has  no  relation  whatever 
to  the  elimination  of  distress  in  generator  windings. 

2 — The  stresses  on  the  feeder  switches  are  very  much  reduced 
by  the  arrangement  in  Fig.  3.  Suppose  we  assumed,  for  instance,  a 
ICXDOOO  k.v.a.  plant,  equipped  with  generator  reactances  which  will 
limit  the  generator  current  to,  say,  eight  times  full  load ;  in  case  of 
a  short-circuit  close  to  the  bus-bars  the  feeder  switch  on  such  a  plant 
would  pass  a  current  equivalent  to  800000  k.v.a.  at  normal  voltage. 
If,  now,  we  assumed  an  arrangement  similar  to  that  shown  in  Fig. 
3,  and  assume  a  feeder  capacity  of  3  000  k.  v. a.,  with  three  percent 
reactance,  we  can  see  that  the  worst  possible  condition  that  the 
switch  could  get  would  be  a  current  equivalent  to  100  000  k.v.a.  at 
normal  voltage,  or  one-eighth  of  what  it  would  have  to  stand  with 
the  arrangement  as  in  Fig.  2.  This  assumes  that  the  feeder  react- 
ance is  the  only  impediment  to  the  passage  of  current,  and  takes  no 
cognizance  of  the  inherent  reactance  of  the  generators,  which  evi- 
dently would  make  the  difference  in  shock  on  the  feeder  circuit 
breaker  larger  than  indicated  in  this  comparison.  It  is  evident, 
therefore,  that  with  the  arrangements  as  in  Fig.  3,  either  the 
switches  will  have  a  much  ampler  margin  of  safety,  or  we  may  use 
a  smaller  and  cheaper  switch  and  still  retain  the  same  margin  of 
safety  over  the  arrangement  shown  in  Fig.  2. 

The  voltage  on  the  bus-bar  with  arrangement  as  in  Fig.  3  will 
stay  nearly  to  normal,  and  there  is  very  little  tendency  for  the  syn- 
chronous apparatus  of  the  system  to  drop  out  of  step. 

The  arrangement  of  Fig.  3  provides  choke  coil  protection  only 
for  those  short-circuits  which  occur  on  the  feeders  beyond  the  p^^int 
where  the  choke  coils  are  inserted,  and  they  do  not  gi\'c  protection 
to  short-circuits  which  occur  on  the  bus-bars,  or  upon  the  generator 
leads  themselves  This  objection  is,  however,  largely  offset 
by  the  fact  that  the  probability  of  a  short-circuit  occurring  upon 
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feeder  circuits  is  vastly  greater  than  upon  the  conductors  back  of 
these  feeders.  For  one  thing,  in  the  ordinary  system,  the  amount  of 
feeder  circuit  is  somewhere  around  lOO  to  i  ooo  times  the  aggregate 
length  of  the  circuits  back  of  the  feeder  choke  coils.  For  another 
thing,  it  is  possible  to  design  a  construction  and  installation  of  bus- 
bars and  generator  leads  such  as  to  reduce  the  possibility  of  a  short- 
circuit  thereon  almost  to  the  vanishing  point.  Bus-bars,  for  in- 
stance, are  normally  run  in  brick  compartments,  so  as  to  make  it 
almost  impossible  to  obtain  a  short-circuit  thereon.  Generator  leads 
may  be  run  with  single  conductor  lead-covered  cables  in  such  a 
manner  that  a  short-circuit  between  them  must  be  preceded  by  a 
ground  to  the  lead  sheathing,  and  a  proper  installation  of  grounding 
resistance  may  be  made  such  as  to  eliminate  such  a  ground  before 
it  can  develop  into  a  short-circuit.  Many  engineers,  therefore,  will 
be  content  with  the  protection  which  is  offered  by  the  use  of  feeder 
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FIG.   4 — CHOKE  COILS  IN   FEEDER  CIRCUITS   AND   SECTIONALIZING 
CHOKE   COILS   IN   THE   BUS-BARS 

reactances,  and  will  not  deem  it  necessary  to  install  protection 
against  the  very  remote  contingency  of  a  short-circuit  upon  the  bus- 
bars or  generator  circuits.  However,  it  is  entirely  possible  to  secure 
a  degree  of  protection  against  this  contingency  at  least  equal  to  that 
given  by  generator  choke  coils,  and  still  retain  the  marked  advan- 
tages of  choke  coils  in  the  individual  feeder  circuits. 

The  method  of  securing  such  protection  is  shown  in  Fig.  4. 
Here  we  have  an  arrangement  similar  to  that  in  Fig.  3,  except  that 
adjacent  sections  of  the  bus-bars  are  separated  from  each  other  by 
interposing  choke  coils.  Preferably,  the  number  of  sections  into 
which  the  bus-bars  are  divided  by  such  choke  coils  should  be  equal 
to  the  number  of  generators,  and  the  feeders  should,  likewise,  be 
divided  into  the  same  number  of  groups  of  as  nearly  equal  capacity 
as  it  is  possible  to  arrange.  A  short-circuit  on  some  section  of  the 
bus-bar,  as  at  A,  Fig.  4,  will  cause  the  voltage  on  Section  3  of  the 
bus-bar  to  be  reduced  practically  to  zero  and,  in  all  probability,  what- 
ever synchronous  apparatus  is  attached  to  the  group  of  feeders  on 
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this  section  of  the  bus-bars  will  drop  out  of  step.  However,  it  is  not 
so  much  the  continuity  of  service  on  this  group  of  feeders  that  we 
desire,  as  it  is  to  secure  continuity  of  service  on  the  remaining 
groups.  On  the  adjacent  sections  of  bus-bar  2  and  4  the  voltage 
will  not  fall  to  zero,  because  of  the  drop  through  the  sectionalizing 
choke  coils.  These  choke  coils  can  be  made  of  such  a  value  that 
even  with  a  short-circuit  on  one  section  of  the  bus-bars,  the  voltage 
will  remain  of  such  a  value  that  synchronous  apparatus  on  these 
adjacent  sections  will  still  be  held  in  step. 

An  objection  may  be  raised  that  when  bus-sectionalizing  choke 
coils  are  sufficiently  large  to  give  adequate  protection  to  the  sections 
adjacent  to  a  short-circuit  section,  there  will  also  be  sufficient  voltage 
drop  through  these  choke  coils  from  the  normal  current  that  may 
circulate  between  bus  sections  to  cause  an  inadmissable  difference 
of  voltage  between  such  adjacent  sections.  To  meet  this  objection, 
we  suggest  short-circuiting  said  reactances  with  a  quick  acting  oil 
circuit  breaker,  and  an  arrangement  of  switches  as  shown  by  the 
dotted  lines  in  Fig.  4.  It  is  quite  possible  to  make  the  speed  of  such 
a  circuit  breaker  high  enough  so  that  the  current  limiting  function 
of  the  choke  coil  will  come  into  action  in  less  than  0.15  sconds,  after 
a  short-circuit  has  occurred,  and,  in  general,  this  is  not  a  sufficient 
length  of  time  to  cause  synchronous  apparatus  to  fall  out  of  step. 
This  scheme  cannot,  of  course,  prevent  service  from  being  inter- 
rupted upon  the  group  of  feeders  connected  to  the  short-circuited 
section  of  bus-bar,  but  it  should  be  capable  of  preventing  the  inter- 
ruption of  service  on  all  other  groups.  The  sectionalizing  switches 
should,  of  course,  be  set  for  such  a  current  that  they  will  not  trip  at 
a  value  smaller  than  the  maximum  that  can  be  passed  by  a  single 
feeder  reactance.  Thus  the  sectionalizing  switches  will  not  come 
into  action  for  any  condition  except  a  short-circuit,  either  upon  a 
bus-bar  or  upon  generator  leads;  a  contingency  which,  as  pointed 
(»ut  before,  is  very  remote. 

The  objection  may  be  raised  to  the  scheme  shown  in  Fig.  4 
that  the  generator  feeding  the  short-circuited  section  of  the  bus-bar 
has  no  choke  coil  buffer  to  ease  off  the  shock  on  the  armature  wind- 
ing caused  by  the  short-circuiting  current,  and  further,  that  when 
the  sectionalizing  choke  coils  are  short-circuited  by  switches,  as 
shown  in  the  dotted  lines,  a  similar  shock  will  be  experienced  by 
every  generator  on  the  system,  since  it  is  impossible  for  these  sec- 
tionalizing switches  to  act  soon  enough  to  prevent  such  a  shock 
upon  the  windings.    The  only  answer  to  this  objection  is  to  admit. 
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frankly,  that  in  those  cases  where  the  generator  windings  are  such 
that  they  cannot  withstand  the  shock  of  a  short-circuit,  it  is  not  safe 
to  adopt  any  scheme  of  protection  that  does  not  provide  for  gen- 
erator choke  coils,  and  the  arrangement  shown  in  Fig.  4  should  be 
supplemented  by  such  choke  coils.  In  such  cases,  the  risk  that  a 
single,  heavy  short-circuit  will  put  all  of  the  armature  windings  of 
the  plant  out  of  commission  at  one  time  is  too  great  a  one  for  any 
plant  to  assume.  If,  therefore,  the  generators  are  such  that  they 
are  not  self-protective,  it  is  wise,  by  all  means,  to  use  choke  coils  in 
the  generator  circuits.  However,  modern  generators  can  be  built, 
and  are  being  built,  so  that  they  can,  and  do,  withstand  the  shock 
of  short-circuits  without  the  assistance  of  choke  coils  in  their 
leads.  This  is  true  even  with  the  largest  capacity,  and  the  highest 
speed  machines  yet  built,  and  is,  of  course,  true  with  a  larger  mar- 


FIG.   5 — SCHEMATIC  DIAGRAM   OF  THE   WIRING   IN   THE   MAIN   GENERATING 
STATION    OF   THE    DUQUESNE    LIGHT    COMPANY,    PITTSBURGH 

gin  of  safety  for  smaller  capacity  and  lower  speed  machines.  Em- 
phasis should  be  laid  on  the  point  that  the  generator  choke  coils  do 
not  accomplish  the  same  ends  as  do  feeder  and  bus  sectionalizing 
choke  coils,  since,  with  generator  choke  coils  only,  it  is  impossible  to 
prevent  drop  in  voltage  upon  the  bus-bars,  and  the  consequent  pull- 
ing out  of  step  of  all  synchronous  apparatus  in  case  of  a  short- 
circuit  on  the  main  bus-bars.  In  brief,  the  function  of  the  generator 
choke  coils  is  to  give  protection  to  apparatus,  while  the  function  of 
the  feeder  and  the  bus  sectionalizing  choke  coils  is  to  afford  protec- 
tion to  service. 

The  Duquesne  Light  Company,  of  Pittsburgh,  recently  decided 
to  enlarge  their  main  generating  station,  to  such  an  extent  as  to 
make  it  pr'actically  a  new  plant.  Something  over  60  000  k.v.a.  in 
generators  is  to  be  installed  in  the  immediate  future,  and,  eventually, 
the  capacity  is  to  be  increased  to  over  100  000  k.v.a.  After  a  careful 
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consideration  of  all  the  features  that  enter  the  design  of  a  logical 
system  of  protective  choke  coils,  the  engineers  of  this  company,  in 
collaboration  with  a  prominent  firm  of  consulting  engineers  in  New 
York,  decided  on  a  station  layout  very  similar  to  that  shown  in 
Fig.  4.  The  diagram  of  connection  which  is  now  being  used  in 
laying  out  the  switching  equipment  for  this  plant  is  shown  in  Fig.  5. 
It  will  be  noted  that  the  only  modifications  over  the  scheme  shown 

in  Fig.  4  are  that  two 
busses  are  used,  one  of 
which  is  not  provided 
with  the  sectional  izing 
choke  coils,  and,  in  ad- 
dition to  the  choke  coils 
and  its  shunting  oil 
switch,  there  exists  a 
second  oil  switch  that 
can  be  used  to  cut  apart 
entirely  the  adjacent 
sections  of  the  main 
bus,  a  detail  which  is 
not  indicated  in  Fig.  4. 
Naturally,  also,  both 
generator  and  feeder 
switches  are  installed  in 
duplicate,  so  as  to  make 
it  possible  to  take  pow- 
er either  from  the  sec- 
tional ized  bus  or  from 
the  unsectionalizcd  bus. 
as  may  be  desired. 
This,  we  believe,  is  the 
last  word  in  the  pro- 
tective equipment  for 
large  central  stations. 
Considerable  reference  has  been  made,  in  the  foregoing,  to  the 
matter  of  ability  of  modern  generator  windings  to  withstand  short- 
circuit  conditions.  This  ability  is  the  result  of  a  long  process  of 
development  in  the  design  of  bracings  for  generator  windings.  In 
the  early  days  there  was  no  inadequate  conception  of  the  enormous 
mechanical  forces  that  were  set  up  in  armature  windings  by  the  very 
heavv  currents  that  circulated  on  short-circuits.    As  the  conception 


FIG.  6 — DKT.Vn.S  OK  llk.MlM.  llll.  INKS  i)V  THE 
ARMATURE  ((IILS  OF  A  20  000  K.V.A.,  SIXTY 
CYCLE  TURBO-GENERATOR 
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of  the  true  magnitude  of  these  strains  began  to  be  reahzed,  the  de- 
sign of  bracing  methods  improved.  Fig.  6  shows  the  method  of 
bracing  used  in  a  recent  sixty  cycle  generator  of  approximately 
20  cxx)  k.v.a.  capacity.  This  is  typical  of  the  bracings  which  are 
being  used  in  modern  generators.  Fig.  7  shows  a  complete  winding, 
and  indicates  how  the  braces  are  bolted  directly  to  the  brackets, 
resting,  in  turn,  directly  upon  the  armature  frame.  An  inspection 
of  Fig  6  shows  the  use  of  metallic  spacers  between  the  upper  and 
lower  layers  of  coils,  which  spacers  are  provided  with  projections,  so 
as  to  hold  each  individual  coil  into  its  original  and  proper  position. 
It  is  evident  that  this  scheme  of  spacers  will  give  a  bracing  of  the 


FIG.    7 — COMPLETED    WINDING,    SHOWING   BRACING 

end  projection  of  these  coils  which  is  almost  as  firm  as  the  portion 
of  the  coil  which  is  embodied  within  the  armature  slots.  With  such 
a  method  of  bracing,  the  generator  winding  is  capable  of  withstand- 
ing any  shock  which  may  come  to  it  on  account  of  short-circuits, 
and  it  is  not  necessary  to  furnish  further  protection  by  the  use  of 
choke  coils  intended  to  keep  down  the  amount  of  current  on  short- 
circuits.  In  other  words,  modern  improvements  in  the  methods  of 
bracing  armature  windings  enable  us  to  eliminate  entirely  one  of 
the  main  reasons  that  has  led  to  the  adoption  of  choke  coils  in 
generator  leads. 

In  the  matter  of  the  breaking  capacity  of  oil  switches,  also, 
modern  development  has  led  us  beyond  the  point  that  prompted 
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the  installation  of  choke  coils  for  the  purpose  of  easing  the  shock  on 
such  switches.  It  has  been  pretty  well  demonstrated  that  a  circuit 
breaker,  having  a  single  break  (unless  it  has  impractical  dimensions 
and  cost),  is  not  capable  of  opening  short-circuits  successfully  in 
stations  which  exceed  50000  to  75  000  kilowatts  in  installed  capacity. 
When  the  installed  capacity  advances  beyond  this  figure  it  has  been 
found  impossible  to  rely  on  any  circuit  breaker  having  but  a  single 
break  in  each  pole.  This  difficulty  has  been  met  by  the  design  of 
the  so-called  "reactance  type"  circuit  breaker.  In  this  type  of  cir- 
cuit breaker  we  resort  to  the  Napoleonic  expedient  of  dividing  the 
opposing  forces  into  two  or  more  sections,  and  then  defeating  them 
in  detail.  In  other  words,  instead  of  trying  to  break  the  entire 
power  in  one  break,  the  reactance  type  of  circuit  breaker  has  two 
breaks,  the  first  being  shunted  by  a  suitable  reactance,  which  reduces 
the  current  to  such  a  point  that  the  second  break  can  then  interrupt 
the  circuit  without  difficulty.  The  two  breaks  are  carried  by  the 
same  mechanism,  and  the  reactance  forms  a  part  of  the  circuit 
breaker  itself.*  This  device  of  opening  the  circuit  has  gradually, 
for  the  present  at  least,  put  the  circuit  breaker  in  the  lead  in  the  race 
between  the  circuit  breakers  and  the  station  capacity,  and  probably 
w^ill  enable  the  circuit  breaker  to  stay  ahead.  The  same  idea  can  be 
extended  indefinitely,  if  necessary,  using  a  multiplicity  of  breaks, 
each  break  reducing  the  current  to  a  point  where  the  next  succeed- 
ing break  will  not  be  overstrained.  So  far  as  we  can  judge  at  pres- 
ent, station  capacities  will  have  to  exceed  anything  yet  proposed  be- 
fore it  will  be  necessary  to  resort  to  more  than  two  breaks  in  order 
to  secure  successful  operation. 


♦For  further  information  on  this  type  of  circuit  breaker  reference  may 
be  had  to  an  article  entitled  "Recent  Developments  in  Oil  Circuit  Breakers," 
by  Mr.  J.  X.  Mahoney,  appearinp  in  the  .\ugust,  1913,  issue  of  the  Joirnal. 


SOME    POWER-FACTOR    EFFECTS    OF    RAILWAY 
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A  central  stations  in  supplying  power  to  electric  railroad  and 
traction  systerns.  At  the  same  time,  the  central  stations 
traction  systems.  At  the  same  time,  the  central  stations 
have  become  more  discriminating  in  respect  to  the  kinds  of  loads 
connected  to  their  networks.  The  power-factors  of  the  oncoming 
loads  are  being  scrutinized,  with  the  idea  of  insuring  the  central 
station  against  the  ill  effects  of  poor  power-factor.  Many  power 
companies  either  refuse  loads  of  known  poor  power-factor,  or  ac- 
cept them  with  a  rate  penalization.  Contracts  for  the  sale  of  pow- 
er to  railroads  frequently  contain  a  provision,  much  like  that  in 
an  existing  contract  between  a  prominent  transmission  system  and 
a  traction  road  in  the  South,  reading  as  follows : — 

"The  electrical  energy  to  be  furnished  hereunder  shall  be  In  the 
form  of  60  cycle,  three-phase,  alternating  current  at  approximately 
2  300  volts.  Power  company  agrees  to  maintain  the  frequency  and 
voltage  within  five  and  ten  percent  respectively. 

It  is  further  understood  that  the  synchronous  transformer  or  con- 
verter apparatus  shall  be  so  constructed  as  to  allow  of  adjustment  to 
give  a  power-factor  of  unity  when  so  desired,  and  throughout  the 
periods  of  operation  of  said  apparatus,  traction  company  shall  so 
adjust  same  as  to  maintain,  as  far  as  possible,  power-factor  at  unity." 

The  obvious  intent  of  this  wording  is  to  preclude  the  use,  by  the 
traction  company,  of  generators  driven  by  induction  motors,  which, 
in  the  present  commercial  state  of  the  art,  limits  the  converting 
apparatus  to  synchronous  motor-generator  sets  or  rotary  converters. 
The  wording  used  requires  only  that,  with  the  reciprocal  obliga- 
tions fulfilled,  the  railway  apparatus  be  capable  of  operating  at  all 
loads  at  unity  power-factor;  it  does  not  exact — as  would  be  most 
unreasonable — that  the  power-factor  of  the  railway's  receiving  cir- 
cuits be  maintained  constantly  at  unity.  Aside  from  its  unreason- 
ableness, such  a  demand  would  work  against  the  best  interests  of  a 
power  company  which  has  long  transmission  lines,  involving  at 
the  frequency  used,  a  considerable  charging  current,  which  at 
times  of  light  energy  load  at  the  power  house  requires  the  use- 
less operation  of  considerable  generator  capacity  at  so  low  a  lead- 
ing power-factor  that  the  addition  of  a  considerable  amount  of 
lagging  current  would  afford  much  relief. 
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For  example,  suppose  the  charging  kilovolt-amperes  to  be 
6000;  then  with  generators  of  4000  k.v.a.  individual  capacity  in- 
stalled, two  machines  would  have  to  run  continuously  in  order  to 
keep  the  line  at  full  potential.  The  energy  loss  due  to  this  charging 
current,  would,  however,  be  very  small,  say  200  kw,  so  that  the  line 
would  be  operating  at  three  or  four  percent  leading  power-factor. 
If  a  mill  load  of,  say  i  500  kw,  at  50  percent  power-factor  lagging 
could  be  added,  the  total  demand  on  the  generators  would  be  re- 
duced to  3  800  k.v.a.  at  45  percent  leading  power-factor.  Adding 
the  mill  load  would  thus  permit  the  shutting  down  of  one  unit, 
which  would,  moreover,  work  at  greater  efficiency  on  both  its  steam 
and  generator  ends. 

But  mill  loads  occur  usually  only  in  the  day  time,  while  the 
charging  current,  like  Tennyson's  brook,  "goes  on  forever."  Re- 
sort might  be  had  to  choke  coils,  but  this  additional  apparatus  is  un- 
necessary with  synchronous  motors  driving  the  railway  load,  since 
the  power-factor  of  synchronous  apparatus  is  adjustable  over  a 
large  range. 

In  discussions  which  appeared  in  the  technical  journals  about 
a  decade  ago,  concerning  the  relative  merits  of  synchronous  motor- 
generator  sets  and  rotary  converts,  efficiency  and  first  cost 
formed  arguments  in  favor  of  the  rotary  converter,  while  rugged- 
ness  and  voltage  variation  favored  the  motor-generator;  as  to 
voltage  variation,  the  railways  have  well  nigh  universally  adopted 
flat  compounding,  so  that  the  two  types  of  converting  apparatus  are 
on  a  par  on  that  score. 

Twenty-five  cycle  rotary  converters  long  since  became  so  stand- 
ard for  railway  service  that  the  sale  of  a  motor-generator  set  for 
this  frequency  would  be  a  matter  of  wonder.  Sixty  cycle  rotary 
converters  were  formerly  much  less  reliable  than  they  are  today. 
The  last  four  or  five  years,  with  the  newer  designs,  have  wrought 
a  great  change  in  the  viewpoint  of  those  conversant  with  the  actual 
operation  of  these  machines,  and  even  with  the  longest  lines,  and 
the  higher  voltages,  the  new  60  cycle  converter  is  doing  its  part 
with  that  steady  unobtrusiveness  which  always  is  a  pleasure  to  the 
operating  engineer. 

With  the  demand,  however,  for  machines  capable  of  correcting 
a  bad  lagging  power-factor,  a  new  advantage  has  been  urged  for  the 
synchronous  motor-generator  set,  in  that,  for  a  slightly  increased 
cost,  the  motor  may  be  made  suitable  for  operating  at  any  reasonable 
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leading  power-factor,  say  80  or  70  percent,  so  that  it  performs 
really  two  functions,  that  of  carrying  its  rated  energy  load,  and  that 
of  a  "synchronous  condenser"  of  60  or  72  percent,  of  its  normal 
rating.  The  rotary  converter,  as  ordinarily  designed,  is  inherently 
incapable  of  operating  safely,*  except  for  short  periods,  when  car- 
rying its  normal  rated  direct-current  load,  at  power-factors,  either 
leading  or  lagging  as  low  at  80  or  70  percent.  Where,  therefore, 
a  great  power-factor  corrective  capacity  is  essential,  the  synchron- 
ous motor-generator  set  has  an  advantage  inherently  impossible  to 
the  rotary  converter  as  ordinarily  designed  and  operated  and  the 
higher  efficiency  and  other  advantages  of  the  converter  may  be 
outweighed. 

It  has  further  been  urged  that  the  synchronous  motor  may  be 
so  operated  by  a  Tirrill  regulator  as  to  assist  in  the  maintenance  of 
constant  alternating  voltage  at  a  sub-station,  whereas  the  standard 
rotary  converter  may  not  safely  be  so  operated.  But  it  must  not  be 
forgotten  that,  from  the  standpoint  of  the  railway,  this  means 
buying  the  Tirrill  regulator  and  a  larger,  special  exciter,  for 
no  good  to  the  railway  company,  but  merely  to  help  the  trans- 
mission company ;  and  also  the  operators  must  be  capable  of 
caring  for  Tirrill  regulators,  and  must  see  to  it  that  the 
regulator,  in  its  attempt  to  maintain  voltage,  does  not  operate  so  as 
to  overheat  the  synchronous  motor  field,  which  in  turn  involves 
either  special  attention,  or  the  purchase  of  additional  complicated 
relay  apparatus. 

If  the  Tirrill  regulator  is  adjusted  to  maintain  constant  voltage 
at  the  sub-station,  it  cannot  at  the  same  time  maintain  constant 
power-factor  on  the  synchronous  motor,  so  that,  if  the  contract 
above  referred  to  required  continuous  operation  of  the  synchronous 
apparatus  at  100  percent,  it  would  mean  that  the  increasing  loads  on 
the  railway  would  cause  a  drop  in  sub-station  voltage,  depending 
upon  the  constants  of  the  transmission'line,  which  would  not  be  a 
satisfactory  condition  for  other  customers  supplied  from  the  same 
sub-station.  These  serious  practical  difficulties  have  resulted  in 
the  installation  of  few,  and  the  operation  of  fewer  Tirrill  regulators 
for  this  purpose. 

For  practical  purposes,  then,  the  question  becomes  a  compar- 
ison of  the  power-factor  effects  of  the  present  standard  type  of 


"*See  article  on  "Power-Factor  Correction  by  Rotary  Converters  Is  Haz- 
ardous," in  the  Journal  for  Feb.,  '12,  p.  150. 
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synchronous  motors  with  those  of  standard  rotary  converters,  flat 
compounded,  and  both  operating  with  only  an  occasional  change 
in  the  setting  of  the  shunt  held  rheostats.  Railway  load  fluctu- 
ations are  too  rapid  to  permit  frequent  rheostat  changes,  which, 
moreover,  are  undesirable  in  the  case  of  the  rotary  converter  in 
the  hands  of  the  ordinary  station  operator,  on  the  score  of  a 
possibly  too  great  power-factor  change,  so  that  most  electrical 
traction  engineers  prescribe,  for  ordinary  operation  at  least,  a  con- 
stant setting  of  the  shunt  field  rheostat  once  the  machine  is  on  the 
line. 

Although  the  superiority  of  the  synchronous  motor  is  undeni- 
able where  great  power-factor  corrective  eft'ect  is  essential,  it  is, 
nevertheless,  questionable  whether  it  is  often  necessary  for  the  con- 
verting apparatus  to  have  great  power-factor  corrective  capacity ; 
where  this  effect  is  required  only  in  smaller  amounts,  the  rotary 
converter  will  often  possess  an  advantage. 

The  shunt-wound  rotary  converter  possesses  three  inherent 
advantages,  in  this  connection,  over  the  shunt-wound  synchronous 
motor.  First,  it  is  subject  to  less  armature  reaction,  which  means 
less  tendency  to  decrease  the  counter  e.m.f.  with  an  increase  of 
load.  Second,  the  self-excitation  of  the  converter  tends  to  main- 
tain the  relative  values  of  the  line  voltage  and  machine  counter 
e.m.f.  Both  of  these  effects  tend  to  allow  less  power-factor  varia- 
tion of  the  machine  with  constant  excitation,  but  varying  line  volt- 
age, than  is  the  case  with  the  synchronous  motor.  Third,  as  a  rot- 
tating-armature  machine,  the  converter  may  easily  be  compounded, 
which  is  a  much  more  comjilicated  operation  with  the  synchronous 
motor,  of  the  common  rotating  field  type.  The  compounding,  or 
the  lack  of  it,  forms  the  basis  of  the  dift'erences  in  the  power-factor 
behavior  of  the  two  present  standard  types  of  machines.  Resort 
to  a  rotating  armature  for  the  synchronous  motor  would  allow 
readier  compounding,  with  concomitant  advantages. 

A  study  of  the  problem  presented  by  the  operating  conditions 
in  most  situations,  seems  to  indicate  that  from  the  standpoint  of  the 
railway  company,  the  rotary  converter  is  preferable,  and  very  fre- 
quently this  is  true  also  for  the  transmission  company  under  the 
practical  manner  of  operating  outlined  above. 

To  bring  out  this  idea  more  clearly,  it  will  be  profitable  to 
study  the  inherent  power-factor  characteristics  of  the  two  machines, 
and  the  effects  of  such  loads  on  a  transmission  svstem.     It  should 
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be  understood  that  no  attempt  is  being  made  herein  to  disparage  the 
installation  of  the  synchronous  motor  per  se,  but  rather  to  show 
that  the  rotary  converter  often  possesses  superior  advantages  with 
respect  to  power-factor  correction. 

As  the  load  on  a  synchronous  motor  increases,  its  power-factor, 
if  leading  at  no-load,  tends,  with  constant,  field,  to  lead  less  and  less. 
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FIGS.    I   AND  2 — POWER-FACTOR  VARIATION   WITH   LOAD  OF   A 
SYNCHRONOUS   MOTOR 

Constant  field  excitation  of  a  value  to  give  100  percent 
power-factor  at  50  percent  generator  load.  Fig.  i — Constant  ap- 
plied line  voltage.    Fig.  2 — Line  drop  of  ten  percent  at  full  load. 

and  to  pass  through  unity  to  lagging  values  dependent  on  all  the 
conditions  involved.  Fig.  i  illustrates  this  point  in  the  case  of  a  500 
kw  motor-generator  set,  the  synchronous  motor  being  wound  for 
2  400  volts,  three-phase,  60  cycles.    Constant  line  voltage  is  assumed, 
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FIGS.   3   AND  4 — POWER-FACTOR  VARIATION    WITH    LOAD    OF   A 
SYNCHRONOUS  MOTOR 

Constant  field  excitation  of  a  value  to  give  80  percent  leading 
power-factor  at  full  load  on  the  generator.  Fig.  3 — Constant  applied 
line  voltage.     Fig.  4 — Line  drop  of  ten  percent  at  full  load. 

and  a  setting  of  the  field  rheostat  such  as  will  produce  100  percent 
power-factor  at  half  load  on  the  direct-current  generator.  Here 
from  a  leading  power-factor  of  97  percent  at  12  percent  direct-cur- 
rent load,  we  have  a  swing  to  75  percent  lagging  power-factor  at 
225  percent  direct-current  load.  This  tendency  is  modified  largely 
by  the  percentage  of  leading  power-factor  load,   and  also  by  the 
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amount  of  alternating  line-drop,  for  leading  power-factor  is  only 
brought  about  by  over-excitation;  i.e.  by  an  excitation  which  would 
give  a  terminal  voltage  to  the  machine,  considered  as  a  generator, 
greater  than  line  voltage. 

In  Fig.  2  is  shown  a  curve  for  the  same  motor,  assuming  an 
ohmic  line  drop  of  ten  percent  with  full  load  on  the  direct-current 
generator  and  a  motor  excitation  to  give  unity  power-factor  at  half 
the  direct-current  load.  Here  we  have  a  slight  rise  of  lagging 
power-factor  from  99.5  at  one-eighth  load  to  unity  at  half  load, 
then  dropping  off  again  to  about  85  percent  lagging  at  175  percent 

load.  The  total  variation 
is  less  than  in  the  former 
case ;  the  line  drop  has 
helped  to  hold  up  the 
power-factor.  The  ex- 
citation  is,  however, 
some  eight  percent  less 
tiian  in  Fig.  i,duetothe 
lower  line  voltage  at  half 
load. 

In  Fig.  3  is  shown  the 
power  -  factor  variation 
for  the  same  machine 
excited  for  80  percent 
leading  power-factor 
with  full  load  on  the 
direct-current  generator, 
and  with  constant  line 
voltage ;  Fig.  4  is  the 
same  as   Fig.   3,   except 
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FIG.    5 — POWER-FACTOR  VARIATION   WITH   LOAD   OF 
A    ROTARY    CO.WERTER 

Line  reactance,  25  percent.  Ohmic  drop,  10 
percent.  Excitation  set  for  100  percent 
power- factor  at,  A — 50  percent  load;  B — 75 
percent  load  ;  C — Full  load. 


that  ten  percent  ohmic  line  drop  is  assumed  with  full  load  on  the 
generator.  In  all  of  these  cases,  the  tendency  of  the  power-factor 
to  droop  toward  lagging  values  is  evidenced,  though  naturally  to 
different  degrees. 

From  the  inherent  characteristics  of  a  flat-compounded  con- 
verter, the  power-factor  change  as  load  comes  on  is  from  lagging 
to  leading  values,  dependent  upon  the  setting  of  the  shunt-field 
rheostat,  the  relative  amount  of  full-load  armature  and  series  field 
ampcrc-turns,  the  amount  of  ohmic  line  drop  and  the  total 
reactance  in  the  circuit  connected  to  the  converter. 

A  considerable  amount  of  reactance  is  necessary  to  allow  the 
converter  to  overcome  the  line  drop    throughout    the    entire    cir- 
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cuit  back  to  the  generator  bus-bars,  which  are  assumed  kept  at  a 
constant  voltage  by  some  form  of  regulator.  In  all  commercial  in- 
stallations, a  series  field  is  also  necessary  both  to  allow  the  use  of 
smaller  reactance,  and  to  cause,  at  heavy  loads,  that  over-excitation 
which  produces  the  flat  compounding  effect. 

With  standard  converters,  an  ohmic  line  drop  of  ten  per- 
cent for  full  load  direct-current,  a  total  alternating-current  circuit 
reactance  of  25  percent,  and  a  shunt-field  rheostat  setting  to  pro- 
duce 100  percent  power-factor  at  50,  75  and  100  percent  loads  re- 
spectively, the  corresponding  power-factor  variations  from  no  load 

to  300  percent  load  are  given  in 
Fig.  5,  these  curves  being  carried 
beyond  the  range  of  present 
standard  lines  of  machines  to 
show  their  behavior  under  ex- 
treme conditions.  While  the  no- 
load  power-factors  have  very  low 
lagging  values,  it  should  be  re- 
membered that  under  these  con- 
ditions, the  total  current  taken 
from  the  line  is  very  small,  both 
because  the  no-load  losses  of  the 
converter  are  smaller  than  those 
of  the  motor-generator  set,  and 
also  because  the  no-load  con- 
verter current  is  a  smaller  per 
centage  (26.5  percent)  of  full-load  than  is  true  for  the  synchronous 
motor  excited  to  operate  at  80  percent  leading  with  full  load  (72.5 
percent)  on  the  generator. 

In  Fig.  6  is  shown  the  power-factor  variation  for  the  syn- 
chronous motor  excited  for  100  percent  power-factor  with  full  load 
on  the  generator,  assuming  ten  percent  line  drop  for  the  same  load. 
It  is  interesting  to  compare  the  integrated  values  of  power-factor 
for  the  various  curves,  for  generator  loads  from  one-eighth  to  one 
and  three-quarters,  as  shown  in  Table  I.  These  figures  indicate  that 
the  converter  has  a  decided  advantage  in  maintaining  an  integrated 
power-factor  of  unity,  as  required  by  the  quotation  from  the  con- 
tract cited  above,  assuming  always  a  constant  setting  of  the  shunt- 
field  rheostats,  such  as  to  give  unity  power-factor  at  lower  loads 
than  100  percent,  as  is  the  increasing  tendency  for  interurban 
service,  which  is  of  the  sort  most  often  making  use  of  power  from 
long  transmission  systems. 


FIG.  6 — POWER-FACTOR  VARIATION 
WITH  LOAD  OF  A  SYNCHRONOUS 
MOTOR 

Constant  field  excitation  of  a 
value  to  give  100  percent  power- 
factor  at  100  percent  load  on  the 
generator.  Line  drop  ten  percent  at 
full  load. 
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Turning  now  to  the  second  point  of  view,  namely  the  effect  of 
the  railway  appartus  on  the  transmission  company's  generator 
power-factor  and  voltage,  it  is  clear  that,  in  the  day  time,  when  the 
railway  load  is  heaviest  and  when  the  power-factors  of  the  trans- 
mission company's  other  loads  are  lowest,  due  both  to  the  lightly 
loaded  condition  of  lighting  transformers  and  the  power  loads,  con- 
sisting largely  of  induction  motors,  the  characteristic  rotary  con- 
verter curves  are  of  the  rising  power-factor  kind ;  thus  the  effect 
will  be  to  better  the  power-factor  of  the  system,  and  vice  versa. 

Although  the  power-factor  of  the  rotary  converter  is  very  low 
at  light  loads,  the  total  energy  demand  from  the  system  is  also  light, 


TABLE  I— INTEGRATED  POWER-FACTORS  FOR  SYNCHRONOUS 
MOTORS  AND  ROTARY  CONVERTERS 

Percent 
Line  Drop 

Power- Factor  at 

Load  Given  in  Next 

Column,  Percent 

Normal  Output, 
Percent 

Integrated  Power- 
Factor,  Percent 

Synchronous  Motors 

0 

10 

0 

10 

10 

100 

100 

80 

80 

100 

50 
50 

100 
100 
100 

98.16  lagging 
97.24  lagging 
70.7    leading 

73.1  leading 

99.2  lagging 

Rotary  Converters 

10 
10 
10 

100 
100 
100 

50 

75 

100 

98.42  leading 
95.3    lagging 
91.25  lagging 

SO  that  the  total  current  is  small,  and  the  tendency  towards  line  drop 
on  the  sub-station  bus-bars  is  correspondingly  small.  Moreover, 
when  the  railway  load  becomes  heavy,  the  converter  power-factor 
is  leading;  and,  if  the  converter  circuit  is  provided  with  the  proper 
amount  of  reactance  for  flat  compounding,  the  effect  of  this  react- 
ance tends  to  hold  up  the  line  voltage  at  leading  power-factors, 
counteracting  the  effect  of  ohmic  drop;  this  reactance  effect  being 
proportional  to  the  alternating  current  drawn  from  the  line,  i.  e.,  to 
the  direct-current  load.  In  short,  when  the  railway  load  is  heaviest 
and  such  as  would,  from  the  standpoint  of  current  alone,  tend  to 
cause  greatest  line  drop,  the  power-factor  takes  on  a  value  which 
tends  to  oppose  the  line  drop. 

Just  the  reverse  conditions  obtain  for  the  synchronous  motor; 
at  times  of  light  railway  load  and  leading  power-factor,  the  current, 
while  tending  to  improve  the  line  conditions  from  the  power-factor 
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Standpoint,  is  not  very  effective  because  of  its  small  value.  When 
the  railway  load  is  changed  to  heavy  overloads,  requiring  more  cur- 
rent from  the  line,  then  the  power-factor  has  changed  to  lagging 
values,  so  that,  as  it  were,  both  the  current  and  power-factor  con- 
spire to  increase  the  line  drop. 

At  night,  when  the  railway  loads  are  generally  much  lighter  and 
when  the  other  loads  of  the  transmission  system  are  of  considerably 
higher  power-factor,  the  effect  of  the  line  charging  current  becomes 

more  pronounced  and 
may  produce  a  leading 
power-factor  in  the  gen- 
erators. If  the  average 
load  of  the  railway  con- 
verter is  so  light  as  to 
involve  lagging  power- 
factors,  the  correspond- 
ing currents  will  tend  to 
decrease      the      leading 

FIG.     7 — COMPARISON     OF     EFFECT     ON      GENERATOR     WattleSS      COmpOnCntS    of 
POWER-FACTOR      OF      ROTARY      CONVERTERS       AND     *-U  ^.  •  tl 

MOTOR-GENERATOR  SETS  systcm,  or  HI  otncT 

Combined  with  an  assumed  day  load  of  4  000  WOrds,  keep  the  power- 
kw  at  80  percent  power-factor  and  2  100  k.v.a.  factor  near  unity  On 
charging  current.  .    -^ ' 

the  other  hand,  even  at 

light  loads  on  the  synchronous  motor,  the  currents  having  leading 
power-factors  are  relatively  heavy,  due  to  the  over-excitation,  and 
tend  to  increase  the  lead  of  the  main  station  power-factor,  which  is 
not  desirable. 

These  effects  are  best  brought  out  by  reference  to  one  or  two 
examples : — 

Assume  first,  a  central  station  having  a  combined  lighting  and 
industrial  load,  apart  from  the  railway  load,  of  4000  kw.  at  80 
percent  power-factor,  or  5  000  k.v.a. ;  assume  further,  a  proposed 
railway  load  of  eight  400  kw  rotary  converters  or  motor-generator 
sets  of  characteristics  similar  in  general  to  those  previously  men- 
tioned ;  that  is,  with  excitations  to  produce  100  percent  power-factor 
at  50  percent  load ;  assume  further,  a  charging  current  correspond- 
ing to  2  100  k.v.a.  Fig.  7  shows  the  effect  on  the  power-factors  of 
the  generators  due  to  either  combination  as  the  railway  load  in- 
creases. With  the  converter  running  idle,  the  power-factor  is  a 
trifle  above  91  percent,  from  which  it  rapidly  rises,  passing  100  per- 
cent at  about  normal  load,  and  reaching  a  value  of  about  96  percent 
leading,  at  200  percent  overload.     With  the  motor-generator  sets, 
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FIG.  8 — COMPARISON  OF  EFFHICT  OF  A  4OO 
K\V  ROTARY  CONVERTER  AND  A  4OO  KW 
MOTOR-GENERATOR  SET 

On  the  voltage  regulation  of  a  no 
volt  bus  of  a  lighting  system  fed  from 
500  k.v.a.  of  transformers  carrj^ing  a 
variable  railways  load,  and  a  constant 
lighting  load  of  loo  k.v.a.  No  load 
voltage,  no  volts.  Voltage  with  loo 
kw  lighting  load,  but  zero  railway  load, 
168.9  volts. 


the  power-factor  holds  a  steady  value  of  about  98.5  percent  up  to 
approximately  the  full-load  point,  from  which  it  drops  off  as  the 
overload  condition  of  railway  load  comes  on. 

Suppose  again,  it  has  been  proposed  to  install  in  a  sub-station,  a 
transformer  bank  of  larger  capacity  than  necessary  for  the  railway 
converting  apparatus,  with  the  idea  of  using  the  excess  capacity  for 
supplying  local  lighting  and  power  load,  for  the  former  of  which,  at 

least,  constancy  of  voltage  is 
of  prime  importance.  The  ef- 
fect of  the  railway  load  on 
such  a  transformer,  when  car- 
ried by  rotary  converters  in 
one  case  and  by  synchronous 
motors  in  the  other,  is  shown 
in  Fig.  8.  A  transformer  bank 
of  500  k.v.a.  is  assumed,  hav- 
ing capacity,  therefore,  suf- 
ficient for  100  k.v.a.  lighting 
in  addition  to  the  400  kw  re- 
quired for  the  railway  load. 
This  transformer  is  supposed 
to  step  down  from  60  000  to  2  300  volts  for  the  synchronous, 
motors  or  to  the  appropriate  voltage  for  the  converters,  and  in  either 
case.  Fig.  8  shows  the  conditions  on  the  low  tension  side  of  the 
distributing  system  reduced  to  no  volts.  The  actual  bus-bar 
voltage  is  plotted  against  the  increase  in  the  railway  load  in  percent. 
In  the  case  of  the  converters  it  is  seen  that  the  voltage  gradually 
rises  from  an  initial  value  of  108.8  volts  with  the  converters  run- 
ning light,  to  a  value  of  about  110.8  at  100  percent  overload.  In  the 
case  of  the  motor-generator  sets,  from  an  initial  value  of  109.9  volts, 
the  voltage  drops  gradually  at  first,  more  rapidly  later,  to  a  value  of 
about  104.4  volts  at  100  percent  overload  on  the  set.  The  effects  of 
ohmic  and  reactance  drop  in  the  transformers  were  included  in  both 
cases,  but  the  high  tension  line  voltage  was  a.<?sumcd  constant,  since 
the  effect  of  the  load  on  a  single  sub-station  only  was  being  investi- 
gated, and  the  amount  of  current  drawn  would  produce  very  little 
voltage  drop  on  so  large  a  transmission  system.  If,  however,  the 
effect  of  line  drop  had  been  included,  it  would  only  have  accentuated 
the  tendency  shown  in  Fig.  8. 

These  two  examples  will  give  an  idea  of  the  general  tendency. 
The  practical  results  will  vary  with  change  in  the  assumptions  neces- 
sary for  calculation. 
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C.  B.  AUEL 

Director  of  Standards,  Processes  and  Materials, 
Westinghouse  Electric  &  Mfg.  Company 

This  is  the  eighth  of  a  series  of  articles  on  the  general  sub- 
ject of  works  management,  which  was  begun  in  the  April  issue. 

EACH  YEAR  witnesses  renewed  effort  either  to  eliminate  more 
or  less  obvious  defects  in  existing  wage  systems  or  to  develop 
more  nearly  perfect  ones.  While  there  will  without  doubt 
be  unanimity  of  agreement  with  the  inference  contained  in  this 
statement  that  the  ideal  system  has  not  yet  been  devised,  there  may 
perhaps  be  some  exception  taken  to  the  further  statement,  equally 
true  nevertheless,  that  there  are  a  number  of  wage  systems  already 
extant,  which,  when  properly  selected  and  impartially  applied,  will 
be  found  capable  of  fulfilling  normal  conditions  very  satisfactorily, 
leaving  little  additional  to  be  desired.  It  is  ever  the  variable  human 
element,  sometimes  the  employer,  as  often  the  employe,  refusing  to 
measure  up  to  rational  standards,  which  renders  it  so  exceedingly 
difficult  to  devise  methods  that  will  prove  universally  acceptable 
under  all  conditions  likely  to  arise.  Much  of  the  difficulty  is  due  no 
doubt  to  the  common,  though  mistaken  feeling  that  the  interests  of 
employer  and  employe  lie  wide  apart;  and  until  this  situation  is 
materially  changed,  there  will  continue  to  be  a  heavy  handicap  on 
every  effort  looking  to  the  development  of  an  ideal  wage  system. 
The  real  interests  of  employer  and  employe  are,  as  a  matter  of  fact, 
identical.  The  legitimate  aim  of  each  should  be  to  make  a  fair 
profit  on  his  capital  investment,  represented  in  the  case  of  the  em- 
ployer by  his  product  and  on  the  part  of  the  employe  by  his  labor. 
The  employer  desires  low  costs,  the  employe,  with  equal  fairness 
wants  high  wages.  If  these  two  features  can  be  attained  simultane- 
ously, both  parties  should  and  must  be  fully  satisfied. 

It  will  be  seen  from  the  preceding  that  any  real  solution  of  the 
problem  of  the  ideal  wage  system  must  bring  with  it  correct  answers 
to  the  two  questions,  "What  constitute  low  costs?"  and  "What  are 
high  wages?"  Both  of  these  terms  are  capable  of  considerable  mis- 
construction and,  therefore,  in  need  of  more  clean  cut  definitions, 
which  are  not  attempted  in  this  article. 

All  wage  systems  may  be  placed  in  one  of  four  groups :  day 
work,  piece  work,  premium  or  bonus  work  and  gain  or  profit 
sharing. 


*Taken  in  part  from  an  article  by  the  author  in  the  American  Ma- 
chinist for  June   13,  1912. 
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DAY    WORK 

Day  work  is  the  oldest  form  of  wage  payment,  and  a  very  large 
percentage  of  skilled  and  unskilled  labor  throughout  the  civilized 
world  operates  under  this  system.  It  will  be  observed  further, 
especially  in  the  larger  concerns  whose  product  is  more  or  less  di- 
versified, that  even  when  some  other  form  of  wage  system  has  been 
introduced,  a  considerable  portion  of  the  labor  will  still  continue  to 
be  paid  by  the  hour,  day  or  shift. 

Under  this  method  the  quantity  of  work  to  be  completed  in 
any  given  time  is  not  specified ;  moreover,  the  hourly  rate  is  the 
same  regardless  of  the  number  of  hours  worked  in  a  day.  Ex- 
pressed as  a  simple  equation, 

Hourly  rate  x  Number  of  hours  =:  Wages. 
This  relation  has  been  plotted  in  Fig.  i.    Day  work,  therefore,  offers 
no  inducement  for  any  increase  in  output  over  a  recognized  basis ; 
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Fir,.    I— D.W    WORK 

Hourly  rate  x  No.  of  hrs.  : 


FIG.  2 — STRAIGHT  FIECE  WORK 

wages.  Price  per   piece  x  No.  of 

pieces    =    wages. 

For  ready  comparison,  those  and  all  .siircopilinR  charts  have  been  plotted  on  the  same 
basis;   workman'.o  rate        24c  per  hour;   piece  prices        $0.96— iJl.l.'cJ-Jjl. 144;    time  limit 
C  hours;  standard  time    i  hours. 

the  natural  tendency  in  consequence  must  be  for  the  average  work- 
men not  to  exert  themselves,  further  than  to  turn  out  just  sufficient 
work  as  will,  in  their  own  estimation,  satisfy  their  immediate 
superiors  and  so  insure  retaining  their  jobs.  From  the  fact  that  no 
time  or  price  is  stipulated  for  the  completion  of  a  piece  of  work,  it 
has  been  argued  that  quality  should  be  of  the  highest  and  in  theory 
this  may  be  true. 

In  many  shops,  working  under  so-called  scientific  management, 
and  where  an  "incentive"  is  offered  to  the  workmen  to  put  forth  ex- 
tra effort  to  increase  their  output,  it  is  the  practice  to  maintain  rec- 
ords ot  productive*  labor  efficiencies,  either  of  the  individual  work- 
men in  a  department  or  of  the  department  as  a  whole,  efficiency 
being  considered  as  the  ratio  between  the  time  each  job  should  take 
and  the  time  actually  taken   on   a   job.      For   example,    if   twelve 
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hours  were  actually  taken  to  do  a  job  and  ten  hours  had  been  set  as 
the  time  in  which  the  job  should  be  done,  then  the  efficiency  of  the 
workman  doing  this  particular  job  would  be  set  down  at  83  per- 
cent. If,  however,  no  time  had  been  set  in  which  the  job  should  be 
done,  possibly  because  it  was  quite  special  and  not  likely  to  repeat 
itself,  and  the  work  was  done  by  day  work  in  twelve  hours,  the 
efficiency  would  be  arbitrarily  figured  at  65  percent  or  even  lower, 
it  being  assumed  that  the  job  could  have  been  done  in  7.8  hours  had 
an  "incentive"  existed  to  do  it  in  such  time.  This  then  is  an  indica- 
tion  of  what  authorities  on  the  subject  think  of  day  work  as  com- 
pared with  other  systems  of  wage  payment.  It  follows  from  what 
has  been  said,  therefore,  that  under  day  work,  increased  output  can 
be  obtamed,  as  a  rule,  only  by  increased  supervision,  and  the  cost  per 
piece  must  accordingly  be  more  expensive  than  under  any  other  form 
of  wage  system.  Notwithstanding  this,  it  is,  in  many  cases,  the 
only  logical  one  to  use ;  as  for  instance,  in  work  such  as  die,  tem- 
plate, jig  or  pattern  making,  where  no  two  pieces  are  in  any  wise 
alike  and  where  it  would  be  impossible  to  determine  within  accurate 
bounds  without  the  expenditure  of  a  prohibitive  amount,  either 
piece  prices  or  premium  time  limits.  From  the  accounting  stand- 
point, day  work  is  less  complicated  than  any  other  form  of  wage 
system  as  far  as  figuring  the  pay-roll  is  concerned ;  but,  in  the  mat- 
ter of  figuring  costs,  it  is  not  so  simple  as  piece  work,  though  rather 
more  so  than  premium  work.  , 

STRAIGHT  PIECE   WORK  SYSTEM 

Straight  piece  work  is  the  second  oldest  form  of  wage  system. 
Payment  is  based  solely  on  the  piece,  as  its  name  implies,  and  since 
the  time  employed  is  not  specified,  it  will  thus  be  seen  to  be  the 
very  opposite  of  day  work.  It  is  ranked  only  by  day  work  in  the 
matter  of  age  and  is  without  doubt  next  to  it  the  most  commonly 
used  "lethod.    The  wages  earned  may  be  written. 

Piece  work  price  x  Number  of  pieces  =  Wages. 
The  price  per  piece  is  the  same,  regardless  of  the  time  employed,  as 
indicated  in  Fig.  2.  It  will,  however,  be  observed  that  the  wages  or 
the  hourly  rate  of  the  workmen  increase  with  decrease  of  time 
taken,  thus  indicating  one  way  in  which  the  employe  may  receive 
higher  and  higher  wages  for  his  labor.  At  the  same  time  the  em- 
ployer will  obtain  lower  and  lower  costs  in  his  product,  for,  while 
the  price  per  piece  undoubtedly  remains  the  same,  the  output  in  unit 
time  increases,  thus  lessening  all  indirect  expense,  such  as  super- 
vision, heat,  light,  water,  etc.     For  the  reason  that  the  workmen 
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take  all  of  the  direct  profits,  the  employer  not  sharing  them  as  in 
premium  work,  but  being  restricted  simply  to  the  indirect  profits  by 
a  reduction  of  indirect  expense,  the  application  of  the  piece  work 
system  is  confined  to  rather  narrower  fields  than  would  otherwise  be 
the  case.  Obviously  the  employer  cannot  be  expected  to  use  this 
system  in  connection  with  work  in  which  the  details  have  not  been 
thoroughly  standardized  and  in  which  accordingly,  there  would  be 
possibilities  of  error  in  the  setting  of  piece  work  prices.  It  may,  of 
course,  be  argued  by  some  that  errors  are  easily  rectified  by  ''cuts" 
in  the  prices,  if  too  high ;  since,  if  the  prices  are  too  low,  the  work- 
men insist  that  they  be  raised.  The  indiscriminate  cutting  of  piece 
work  prices  due  to  the  loose  and  unscientific  way  in  which  they 
have  been  set  in  the  past,  has  undoubtedly  been  the  cause  for  much 
of  the  abuse  heaped  upon  the  piece  work  system,  to  which  it  is 
hardly  entitled.  Regardless  of  the  logic  involved,  it  has  been  dem- 
onstrated that  for  best  results,  low  prices  must  be  raised,  but  high 
prices  should  not  be  lowered  unless  the  method  of  making  the  piece 
is  changed,  in  which  case  a  revision  in  price  is  permissible.  An 
argument  that  has  been  advanced  against  piece  work,  in  common 
with  all  other  wage  systems  having  an  "incentive,"  is  that  the  in- 
crease in  production  is  likely  to  be  accompanied  by  a  decrease  in 
quality.  While  this  tendency  undoubtedly  exists,  it  can  be,  and  is 
efifectually  guarded  against  by  a  properly  enforced  scheme  of  in- 
spection, with  penalties  in  the  shape  of  rejection  of  the  defective 
work  until  the  defects  have  been  corrected  by  the  workmen.  An- 
other argument  against  this  system,  and  a  stronger  one  than  the  pre- 
ceding, is  that  it  fails  to  take  into  account  the  varying  price  of  labor. 
In  a  time  of  business  depression,  the  volume  of  work  is  at  its  mini- 
mum and  the  demand  for  labor  in  conequence  is  not  so  great  as  at 
other  times.  The  price  of  labor,  therefore,  falls,  but  the  employer, 
though  needing  to  make  the  utmost  of  the  situation  in  order  to  con- 
tinue to  obtain  his  share  of  such  business  as  is  being  transacted, 
cannot  avail  himself  of  the  opportunity  without  cutting  the  piece 
work  prices.  He  must  also  reduce  the  quantities  usually  manufac- 
tured, but  in  so  doing  there  is  taken  from  the  workmen  Llie  ability  to 
make  normal  wages.  In  either  case,  dissatisfaction  will  be  the  re- 
sult, with  a  jitis.^ible  temporary  reversion  to  day  work. 

A  similar  situation  will  in  turn  exist  when  business  is  above 
normal.  The  demand  for  labor  then  increases,  producing  a  rise  in 
the  price ;  and  unless  piece  work  prices  are  increased  to  correspond, 
the  workmen  once  more  feel  that  they  are  being  underpaid. 
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From  the  accounting  standpoint  no  system  is  equal  to  piece 
work  in  the  ease  with  which  costs  may  be  figured,  though  it  is  be- 
coming more  and  more  the  custom,  as  previously  stated,  to  check 
every  job  against  a  base  or  standard  time,  thus  taking  away  from 
piece  work  the  simplicity  which  has  heretofore  appealed  to  account- 
ants, and  putting  it  more  nearly  on  a  basis  with  premium  work. 

MANCHESTER   PIECE   WORK    SYSTEM 

The  idea  of  guaranteeing  a  day's  wage  is  not  the  usual  custom 
under  piece  work  systems.  However,  this  is  now  being  done  to 
some  extent,  the  hourly  day  rate  being  that  paid  for  the  class  of 
labor  involved  and  being  fixed  at  the  time  of  hiring  the  workmen. 
The  scheme  has  been  designated  as  the  Manchester  piece  work 
system,  possibly  for  the  reason  that  the  idea  may  have  first  been 
carried  out  in  Manchester,  England.  Sometimes  the  day  rates  are 
guaranteed  only  when  the  workmen  are  delayed  by  causes  beyond 
their  control,  such  as  stoppage  of  the  machinery,  non-arrival  of 
material,  bad  crane  facilities,  hard  castings,  etc. 

DIFFERENTIAL  PIECE   WORK  SYSTEM 

Mr.  F.  W.  Taylor,  the  foremost  exponent  of  scientific  manage- 
ment, has  devised  a  system  of  piece  work  in  which  several  graded 
prices  are  applied  to  a  single  job,  a  maximum  one  when  done  within 
a  certain  minimum  time,  a  low  price  when  this  time  limit  is  ex- 
ceeded, and  perhaps  a  minimum  price  if  the  work  is  imperfect  yet 
passable.  There  may  be  even  further  classifications,  as  the  scheme 
does  not  confine  itself  necessarily  to  any  particular  number  of 
prices.  The  minimum  time  is  in  each  case  based  on  the  perform- 
ances of  the  exceptionally  fast  and  skilled  workmen,  the  idea  being 
to  retain  only  such  on  the  work  by  making  the  maximum  prices 
sufficiently  attractive  to  them,  at  the  same  time  placing  the  other 
prices  so  low  that  the  average  workmen  will  not  be  satisfied,  and  will 
either  secure  the  maximum  prices  or  quit  the  work  of  their  own 
accord  and  seek  some  other  operations  for  which  they  are  better 
fitted.    As  in  straight  piece  work  the  same  formula  applies. 

High  or  low  piece  work  price  x  No.  of  pieces  =:  Wages. 
The  marked  variations  between  the  hourly  rates  when  the  work  is 
done  in  the  minimum  time  and  also  when  such  time  limit  is  ex- 
ceeded, are  shown  in  Fig.  3. 

In  general,  the  same  arguments  for  and  against  straight  piece 
work  apply  to  this  system,  with  the  additional  fact  that  the  multi- 
plicity of  prices  adds  to  the  difficulties  of  accounting.    The  Taylor 
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system  stood  originally  quite  alone  in  requiring  a  scientific  analysis 
of  each  elemental  operation  in  connection  with  a  job,  so  that  an  in- 
telligent piece  work  price  could  be  set  once  and  for  all  without  the 
necessity  for  "cutting"  it  later.  However,  this  is  now  being  done 
largely  in  other  systems  of  wage  payment  as  well  and  is  no  longer 
a  special  feature  differentiating  this  system  from  others. 

GROUP    PIECE    WORK    SYSTEM 

Piece  work  may  be  applied  at  times  with  very  considerable 
advantage  to  groups  of  workmen  and  in  a  variety  of  ways.  A 
number  of  workmen  may  be  given  a  piece  work  job,  the  price  paid 
being  divided  among  them  on  the  basis  of  their  fixed  hourly  day 
rates  (mentioned  under  the  Manchester  piece  work  system)  and 
the  number  of  hours  worked  by  each.  Or,  a  job  may  be  given  to 
a  group,  the  charge  hand  being  paid  the  difference  between  the 
piece  work  price  and  the  wages  at  day  rates  of  such  helpers  as  he 
may  have.     Though  it  is  usual  for  the  helpers  to  be  assigned  to 
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FIG.    3 — DIFFKKKNTIAI,   PIKcK    WORK  FIG.    4 — HALSEY    PREMIUM     SYSTEM 

rig.  3— Price  per  piece  x   no.  of  pieces         wages. 

If  tlip  piece  is  coiiiplcteil  witliiii  the  allowpil  time,  tlie  higher  piece  work  price  is 
paid;  the  lower  price  is  paifl  if  thi'  aliowe<l  time  is  exceeded  or  if  the  piece  Is  not  up  to 
the  standard  quality  of  worlcmtiiisliip,  though  jiasi^aijlc. 

Fig.  4— Karnings  wages  at  day  rate  for  time  taken  plus  a  premium  which  Is  equal 
to  tlie  day  rati'  for  1-4,  l-.'{  or  1-2  of  time  .savc<i. 

[Time  taken  +  N  (time  limit  —  time  taken)]    x  hourly  rate       wages 
Whore  N   -    any  fraction  as  1-4,  1-3,  1-2  or  0.4,  etc. 

him,  he  is  sometimes  free  to  hire  the  class  of  labor  required  and 
to  pay  them  either  on  a  day  work  or  a  piece  work  basis  as  may 
seem  to  him  desirable. 

For  best  results  it  is  advisable  to  keep  the  number  of  workmen 
in  a  group  within  a  limit,  say,  of  twelve,  the  idea  being  to  create  a 
feeling  of  partnership  among  them,  the  men  taking  an  interest  and 
helping  one  another  over  the  hard  spots  or  where  difTiculty  or  bad 
luck  overtakes  any  of  them.  One  of  the  chief  arguments  against  the 
grouping  of  men  is  that  it  kills  individual  initiative,  but  the  facts 
prove  the  contrary  where  the  groups  are  in  small  numbers,  as  it  has 
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been  demonstrated  that  the  men  actually  earn  higher  wages  when 
working  collectively  than  when  working  individually. 

PREMIUM    OR   BONUS    SYSTEMS 

The  most  recent  of  the  fundamental  groups  of  wage  systems  is 
premium  or  bonus  work.  It  is  a  combination  of  day  work  and 
piece  work  in  that  it  incorporates  the  leading  features,  namely,  time 
and  quantity  of  these  other  two  systems.  The  workmen  are  guar- 
anteed their  day  work  wages ;  and,  in  addition  they  are  offered  an 
"incentive"  in  the  shape  of  a  bonus  or  premium  for  extra  effort 
over  and  above  that  required  for  the  average  day's  work,  providing, 
however,  that  such  effort  results  in  the  production  either  of  in- 
creased quantity  in  the  given  time,  or  in  standard  quantity  in  less 
than  the  given  time. 

HALSEY  PREMIUM  SYSTEM 

The  earliest  of  the  many  premium  systems  now  before  the 
public  is  that  of  Mr.  F.  A.  Halsey,  until  recently  editor-in-chief  of 
the  American  Machinist.  It  was  devised  by  him  in  1890,  while 
superintendent  of  the  Rand  Drill  Company,  Sherbrooke,  Canada. 
In  the  scheme  as  originally  outlined  the  workmen  were  offered  pre- 
miums equal  to  one-third  or  one-fourth  of  their  hourly  rates,  for 
every  hour  saved  over  and  above  their  previous  performances. 
"Making  the  hourly  premium  less  than  the  hourly  wages  is,"  as 
stated  by  him,  "the  foundation  stone  on  which  rest  all  the  merits  of 
the  system,  since  by  it,  if  an  hour  is  saved  on  a  given  product,  the 
cost  of  the  work  is  less  and  the  earnings  of  the  workman  are  greater 
than  if  the  hour  is  not  saved,  the  workman  being  in  effect  paid  for 
saving  time." 

As  now  generally  operated,  a  time  is  estimated  for  the  per- 
formance of  each  job  after  careful  study  of  the  conditions,  which 
time  is  known  as  the  base  or  standard  time.  It  is  usually  the  time 
which  the  average  skilled  workman  should  take  to  do  the  job  when 
working  as  he  ought  regularly  to  work,  not  soldiering.  Sometimes 
the  exceptionally  fast  instead  of  the  average  workman  serves  as  the 
model.  No  matter  which  is  thus  taken,  there  is  added  to  the  base 
or  standard  time  an  "incentive"  (less  if  the  average  workman, 
greater  if  the  exceptional  workman  has  been  the  model),  the  sum 
of  these  becoming  the  time  limit  or  allowed  time.  If  now  a  job  is 
done  in  less  than  the  time  limit,  the  amount  saved  is  divided  between 
the  workman  and  the  employer  in  a  pre-arranged  proportion. 
Should,  however,  the  job  be  done  either  exactly  in  the  tinle  limit  or 


H^AGE  SYSTEMS  1249 

in  excess  of  it,  the  workman  receives  but  his  regular  day  work 
wages  for  the  time  employed  on  the  job.     In  the  operation  of  this 
system,  it  is  customary  to  guarantee  that  time  limits  once  set  will 
not  be  altered  unless  the  method  of  doing  the  work  is  changed ;  and 
the  day  work  wages  are  also  guaranteed,  as  just  intimated.    It  is,  of 
course,  quite  evident  that  although  there  may  be  jobs  which  have 
the  same  base  or  standard  time,  it  does  not  necessarily  follow  that 
they  should  likewise  have  the  same  time  limits ;  for  example,  one 
job  may  be  done  under  favorable  conditions,  such  as  good  tools  and 
light,  a  clean  room  with  uniform  temperature,  etc.,  while  another 
job  may  require  to  be  performed  over  a  hot  fire,  in  dirty  quarters 
and  with  changing  temperature.     In  the  latter  case  it  is  but  fair  to 
add  a  greater  "incentive"  to  the  base  time  than  in  the  first  case,  thus 
making  the  time  limit  greater. 

What  the  percentage  relation  should  be  between  the  base  or 
standard  time  and  the  "incentive,"  will  depend  upon  the  relation 
existing  between  the  prevailing  day  rates  of  the  district  in  which 
any  particular  work  is  located  and  those  of  the  works  in  question. 
If  the  latter  are  below  the  level  of  the  day  rates  of  the  district, 
then  the  "incentive"  should  be  higher  and  conversely.  What  con- 
stitutes a  proper  premium  or  bonus  has  been  very  fairly  expressed 
by  Mr.  IT.  C.  Gantt,  thus:     "It  is  such  a  bonus  as  will  make  the 
workman  feel  that  he  is  fully  compensated  for  the  extra  exertion  he 
puts  forth.     Judged  from  this  point  of  view,  it  is  evident  that  the 
bonus  depends  upon  the  severity  of  the  work.     It  varies  as  a  rule 
from  20  to  50  percent  of  the  day  rate.    Task  (bonus)  work  does  not 
necessarily  mean  more  severe  work,  but  it  does  mean  more  continu- 
ous work  and  work  under  more  favorable  conditions,  which  always 
produce  greater  efficiency." 

The   following  formula   applies   in   figuring  wages  under  the 

Halsey  premium  system: — 

[Time  taken  +  N  (Time  limit  —  Time  taken)]  x  Hourly  rate  = 
Wages.  Where  N  =  any  fraction  as  l4,  Vs,  Vi,  etc. 
Two  curves  of  wages  and  hourly  rates,  in  which  the  premiums  are 
25  and  33  1/3  percent,  respectively,  are  shown  in  Fig.  4 1  tliat  is,  the 
workmen  receive  premiums  equal  to  H  or  1/3  of  the  time  saved,  at 
their  day  rates.  These  curves,  it  will  be  observed,  indicate  another 
way,  radically  different  from  any  form  of  piece  work,  in  which  low 
costs  and  high  wages  may  readily  go  together.  The  features  which 
commend  this  system  to  the  workmen  most  strongly  are  the  guar- 
anteed day  wages  and  the  non-cutting  of  time  limits.  On  the  part 
of  the  emplovcr,  the  strongest  features  are  the  share  in  the  direct 
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savings  and  tiie  ability  to 


the  workmen  on  jobs  without  anv 


cutting  CI  time  limits.  It  will  be  readily  appreciated,  that  in  all 
works,  there  are  improremenrs  going  on  continuouslr,  including  in- 
creased rransportaiion  and  handling  facilities,  additional  cranes  with 
higher  speeds,  better  lighting  and  the  like.  These  are  of  such  a 
narure  that  while  assisting  the  workmen  towards  increased  output, 
they  are  not  usually  sufficient  to  warrant  any  change  in  time  limits. 
especially  as  n»st  of  the  improvements  are  introduced  graduallv. 
Under  aln:?:  i"  premium  systems  the  err.plrye-  shares  in  these 
direct  zere":;  —--5  with  the  workmen,  which  is  not  the  case  in 
^:e:e  7v;rk.  The  abiliiy  to  grade  workmen  is  similarly  a  very  inj- 
j  inant  learare.  There  are  many  instances  in  which  apparatus,  long 
stirdardized,  may  be  in  danger  of  being  supplanted  by  a  competitor's 
apparatus  selling  at  lower  prices.  To  meet  this  situation,  or  even  to 
e  costs  may  ofttimes  be  reduced  by  gradually  training 
lower  hourly  :  --\        -  -     :he  work,  the  higher  priced  work- 
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inen  i>eing  p-a;.  _  .  .  ;  -r"--r-  -  -  -  ~  :-rc  intricate  products  and  thus 
the  life  01  some  -int  :r  --  --  :_  ..._-::e5  continued  for  a  number  of 
years  with  advantage  tc  — ies  ci-nremed.    Still  another  feature 

of  premium  systems  which  sh     _  nend  them  to  the  employer 

am  ::  t..t  "^  :r-r::tn  :s  'r.^  variation  in  the  hourly  rate  with  the  rise 
a  in  the  - 1 :    -  t :.    They  are,  on  the  other  hand,  open  to 

tne  si~e  cr.ticism  as  piece  w:  niely,  that  there  is  a  tendency 

lor  quality  to  fall  off  wi:'         -  tase  :r  :.  but  which,  as  previous- 

ly stated,  may  be  effective-v  guarded  against  by  a  proper  system  of 
inspe— -:n  A  further  arg~-~^--  against  them  is  that  the  greater 
*'^  '  "  ''^  less  the  o^s:  _. ..-  _-cce  to  the  employer,  therefore,  the 
-"-  :---  ~5  \^--  and  less  per  piece,  whereas  the  effort  required 
increases  with  :e-?e-    Frcm  the  accc-nting  standpoint  premium 

systems  are  v:.  :-:       :;.    r.  :  .t  matter  of  figuring  costs 

and  .en's  pay,  :   ir     iher  svstems  of  wage  paymenL 
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WEIR-HALSEY   PREMIUM    SYSTEM 

At  the  works  of  Messrs.  G.  &  J.  Weir,  Glasgow,  Scotland,  a 

slight  modification  of  the  Halsey  system  was  said  to  have  been  first 

introduced,  consisting  in  fixing  the  premium  for  all  jobs  at  one-half 

of  the  time  saved.     It  is  more    properly    the    Halsey    50    percent 

system.  Almost  the  same  formula  is  used  as  in  the  Halsey  system : — 

[Time  taken  +  J^  (Time  limit  —  Time  taken)]  x  Hourly  rate  = 
Wages.  This  may  be  expressed  shortly  for  accounting  purposes  as 
(Time  taken  +  Time  limit)  x  Hourly  rate  -f-  2  =  Wages. 

The  variations  in  hourly  rates  and  wages  are  shown  in  Fig.  5. 

MACLANE  DOUBLE  RATE  PREMIUM  SYSTEM 

A  two  rate  premium  system  modeled  somewhat  after  dififer- 
ential  piece  work  has  been  suggested  by  Mr.  H.  F.  Macl.ane,  of  the 
W'estinghouse  Electric  &  Mig.  Company.  Briefly,  it  may  be  said  to 
consist  in  the  payment  of  either  of  two  rates,  from  time  to  time  as 
conditions  warrant.  All  workmen  upon  being  hired,  would  be  given 
two  day  rates,  starting  on  the  lower  of  the  two  and  thus  continuing 
until  any  month's  pay  showed  an  average  of  base  or  standard  time  to 
have  been  made  on  all  jobs  for  such  period,  when  the  higher  day 
rate  would  then  be  awarded  for  the  following  month.  If  base  or 
standard  time  was  again  averaged  for  this  month  by  the  workman, 
the  higher  rate  would  be  continued ;  but  if  not,  the  lower  rate  would 
again  come  into  force  for  the  next  succeeding  month.  The  usual 
argimients  for  and  against  premium  systems  apply  in  this  case 
with  the  additional  one  of  increased  complexity  in  figuring  costs  as 
well  as  the  workmen's  pay. 

ROWAN    PREMIUM    SYSTEM 

Mr.  James  Rowan,  of  Messrs.  David  Rowan  &  Sons,  Glasgow, 
Scotland,  has  developed  a  premium  system  to  overcome  an  objection 
sometimes  made  against  the  Halsey  (50  percent)  system  and  almost 
invariably  urged  against  piece  work,  namely,  that  the  interests  of 
the  employer  are  not  sufficiently  conserved  against  serious  errors 
in  the  setting  of  time  limits  or  piece  work  prices.  Under  the  Rowan 
system,  a  time  limit  is  placed  on  each  job  and  the  workmen  receive 
their  hourly  rates  for  the  time  actually  engaged  on  it  plus  a  premium 
which  is  figured  on  the  actual  time  in  the  proportion  of  the  time 
saved  to  the  time  allowed. 

The  formula  for  the  caluculation  of  wages  is : — 

rrr..         .  ,         ,      Time  limit  —  Time  taken       _.  ,       -,       tt       , 

[Imie  taken  +  —  _,- — r x  Time  taken]  x  Hourly  rate 

1  ime  limit 

=  Wages. 
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The  variations  in  the  hourly  rates  and  wages  along  with  the 
curves  of  the  Halsey  50  percent  system  are  shown  in  Fig  6.     A 
comparison  of  this  system  with  the  Halsey  50  percent  system  will 
show  that  the  original  idea  has  been  accomplished  only  in  part;  for, 
it  will  be  noted  that  while  the  workmen  make  less  under  it  than 
under  the  Halsey  system  above  "time  and  one-half,"  the  conditions 
are  reversed  below  this  line.    As  the  majority  of  jobs  are,  however, 
usually  of  the  latter  kind,  the  net  result  would  seem  to  be  greater 
average   costs  than   under  the   Halsey   system.     Aside   from   this 
feature,  the  difficulty  of  understanding  and  of  figuring  the  premium 
would  seem  to  constitute  a  serious  objection.     The  system  several 
years  ago  received  the  endorsement  of  the  Amalgamated  Society  of 
Engineers,  one  of  the  largest  labor  organizations  in  Great  Britain, 
through  their  general  secretary,  Mr.  G.  N.  Barnes.    Comparing  the 
Halsey  and  the  Rowan  systems,  he  says  of  the  former:    "These  in- 
creasing gains  with  increasing  product  would  still  leave  temptation 
in  the  way  of  the  employer  to  cut  the  time  limits;  and,  indeed, 
would  seem  to  justify  it,  having  regard  to  estimated  and  actual  times 
of  doing  a  job  in  extreme  cases.    Mr.  Rowan's  system,  on  the  other 
hand,  gives  the  man  an  increase  of  wage  equal  to  the  saving  effected 
from  the  time  limit."     There  is  considerable  force  in  this  criticism 
although  it  is  not  confined  to  the  Halsey  system,  but  applies  to  ail 
premium  systems  and  to  piece  work  as  well ;  for,  while  neither  time 
limits  nor  piece  work  prices  should  be  altered  after  once  being  set, 
unless  the  method  of  doing  the  work  is  changed,  the  employer  is  not 
prevented  from  reducing  the  time  limits  or  piece  work  prices  on  new 
work^  even  when  it  is  almost  identical  with  other  work  on  which 
much  higher  limits  or  prices  have  previously  been  set.  However,  it  is 
manifest  that  no  employer  can  afford  to  perpetuate  obvious  errors, 
so  that  it  is  hardly  right  to  expect,  in  the  event  of  an  error  having 
been  made  in  the  setting  of  a  time  limit  or  a  piece  work  price,  the 
same  limit  or  price  should  be  used  again  on  similar  work.     The 
preceding  remarks  lend   emphasis   to  the   statement,  made   in   an 
earlier  paragraph,  that  any  wage  system,  to  be  successful,  must  be 
treated  fairly  both  by  employer  and  employe,  each  with  the  feeling 
that  the  other  is  perfectly  honest,  in  his  intentions  at  least,  even  if 
there  seem  to  be  occasional  evidence  to  the  contrary. 

CARDULLO  DIMINISHING  PREMIUM  SYSTEM 

A  system  has  been  developed  by  Mr.  Forrest  E.  Cardullo, 
professor  of  shop  work  in  Syracuse  University,  which  is  quite 
similar  to  the  Rowan  system  except  that  attempt  has  been  made  to 
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conserve  the  interests  of  the  employer  still  further,  as  is  indicated 
by  the  name  of  the  system  itself,  and  which  is  at  the  same  time 
rather  against  its  successful  use. 

The  formula  for  figuring  wages  is  almost  identical  with  that  of 
the  Rowan  system,  except  that  an  additional  constant  is  intro- 
duced : — 

rT;,v,..  foi,^„  J.  Time  limit  —  Time  taken       ^.  ,       ,      tt       , 

[Time  taken  +  ^NxTime  limit ^  ^'"^^  taken] x  Hourly  rate  = 

Wages. 

When  A^  =  any  whole  number. 

The  variations  of  hourly  rates  and  wages  and  likewise  a  com- 
parison with  corresponding  curves  of  the  Rowan  system  are  shown  in 
Fig.  7.  Naturally  the  arguments  for  and  against  the  Rowan  system 
apply  to  the  Cardullo  system  with  added  force 

HALSEY-ROWAN    PREMIUM    SYSTEM 

In  an  endeavor  to  overcome  one  of  the  criticisms  made  against 
the  llalsey  (50  percent)  and  the  Rowan  system,  ]\Ir.  Robert  Gold- 
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FIG.     7 — CARDULLO     DIMINISHING     PRE- 
MIUM   SYSTHM 


FIG.    8 — HALSEY-ROWAN    PREMIUM 
S  Y.ST  EM 


Fig.  7— Earnings  same  as  In  Rowan  System  except  that  only  a  fractional  part  of  the 
premium  is  allowed. 

in.  _    *  .         ,  time  limit  —  time  taken    ,,        ,   ,      ,       , 
[lime  taken   +        -^       time  limit  xtimo  taken]  x  hourly  rato         wages. 

Where  N        any  whole  niiml>cr,  as  2,  3,  etc. 
Fig.  »— This  1.9  the  Jialsey  System  for  the  first  half  (lower  gains)  and  the  Rowan  sys- 
tem for  the  second  half  (higher  gains). 

mann  has  suggested  that  they  be  combined,  the  former  being  used 
for  the  lower  half  of  the  scale,  the  latter  for  the  upper  half,  as 
shown  in  Fig.  8.  In  so  doing  the  danger  under  the  Halsey  system 
of  excessive  premiums  due  to  wrongly  set  limits  would  be  avoided; 
at  the  same  time  the  relatively  large  premiums  for  small  gains  under 
the  Rowan  system  would  be  eliminated.  While  it  seems  that  this 
system  would  accompli.sh  its  purpose,  it  is  not  known  that  it  has 
been  tried  out  practically  and  the  accounting  features  are  certainly 
rather  complicated. 

GANTT  BONUS  SYSTEM 

Mr.  II.  C.  Gantt,  long  associated  with  Mr.  F.  W.  Taylor  in  his 
earlier  investigations  of  shop  management,  has  devised  a  system  of 
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wage  payment  in  which  each  workman  who  is  successful  in  doing 
all  of  his  work  for  a  complete  term  within  the  time  limits,  is  given 
a  substantial  bonus.  In  the  contrary  event,  he  is  paid  a  day  rate 
wage  for  the  time  employed.  The  foreman,  too,  is  usually  given  a 
bonus  for  each  workman  under  him  who  earns  a  bonus ;  and  an 
additional  bonus  is  awarded  him  if  all  of  the  workmen  under  him 
earn  bonuses.  It  is  thus  doubly  to  the  foreman's  interest  not  to 
neglect  any  workman,  but  to  see  that  all  receive  a  share  of  his 
attention,  especially  in  the  matter  of  selecting  the  right  kind  of  man 
for  each  job,  in  this  way  tending  to  stop  a  criticism,  heard  at  some 
time  or  another  under  almost  all  wage  systems,  that  certain  favored 
workmen  receive  the  so-called  "nice"  jobs.  In  this  system  the  base 
or  standard  time  is  generally  based  on  the  performance  of  the  ex- 
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FIG.    10 — EMERSON    BONUS    SYSTEM 

wages  at  day 


FIG.     9 GANTT    BONUS     SYSTEM 

Fig.  9— If  the  work  is  completed  in  standard  time  or  less.  Earnings 
rate  increased  by  50  percent  for  standard  time. 

Standard  Time  x  [hourly  rate  +   (50  percent   x  hourly  rate)]    =  wages. 

Pig.  10— If  work  is  completed  in  standard  time  or  less 

Original  Scheme— Earnings  =  wages  at  the  day  rate  for  standard   time  plus   a  prem- 
ium which  is  equal  to  30  per  cent  of  such  wages. 
(Standard  time  x  hourly  rate)    +    (20  percent    x  standard  time  x    hourly  rate)   =  wages. 

Modified  Scheme— Earnings  =  wages  at  day  rate  for  standard  time  plus  a  premium 
which  is  equal  to  20  percent  of  wages  for  time  taken. 
(Standard  time  x    hourly  rate)    +    (20  percent  x  hourly  rate   x    time  taken)  =  wages. 

In  either  scheme,  if  the  work  is  completed  in  excess  of  standard  time,  a  premium  is 
still  paid  (following  a  parabolic  curve  though  any  other  curve  might  have  been  as  logically 
taken)  but  it  gradually  diminishes  until  a  point  is  reached  where  the  time  taken  exceeds 
the  standard  time  by  50  per  cent,  when  premium  ceases. 

ceptionally  skillful  workman,  resembling  in  this  respect  the  Taylor 
differential  piece  work  system.  It  is  open  to  the  same  arguments, 
for  and  against,  as  any  of  the  other  premium  systems. 

The  formula  for  wages  when  the  work  is  completed  in  standard 
time  or  less  may  be  expressed  thus : — 

,      ,     •             [  -r-r       ■,                   Hourly  rate  \ 
Standard  time  x  I  Hourly  rate  + ^^j^ )    =  Wages. 

When  N  =  any  whole  number. 

The  variations  in  hourly  rates  and  wages  are  shown  in  Fig.  9. 

EMERSON  BONUS  SYSTEM 

Another  bonus  system  is  that  due  to  Mr.  Harrington  Emerson, 
originally  in  use  on  the  Atchison,  Topeka  &  Santa  Fe  Railway,  but 
now  installed  in  various  other  plants  throughout  the  country,  in  a 
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somewhat  modified  form.  As  first  devised,  it  was  the  nearest  ap- 
proach to  piece  work  of  any  of  the  premium  or  bonus  systems  in 
that  all  of  the  direct  profits  went  to  the  workmen,  the  employer 
gaining  but  indirectly,  that  is,  only  by  the  reduction  of  factory 
expense  due  to  increased  production.  It  was,  however,  a  premium 
or  bonus  system  in  that  time  limits  instead  of  piece  work  prices 
were  set  on  the  work.  The  formulae  for  calculating  wages  under 
the  two  schemes,  when  the  work  is  completed  in  base  or  standard 

time  or  less,  are  as  follows : — 

,     ,    .          TT       1        .  ^  L   (Standard  time  x  Hourly  rate) 
Onf/Mifl/— (Standard  time x  Hourly  rate) +-^ — — 

—  Wa^'es. 

,r  J-.-  J  /c^.  J  w  S.U  1  ,.  \  J.  (Time  taken  x  Hourly  rate) 
Modified— (Standard  time  x  Hourly  rate) +_^ 

=  Wages. 

In  either  scheme,  if  the  work  is  completed  in  excess  of  the 
standard  time,  a  premium  or  bonus  is  still  paid,  following  a  para- 
bolic curve,  to  which  portion  the  formulae  do  not  apply  (though  any 
other  curve  might  have  been  taken  as  logically),  but  gradually 
diminishing  until  a  point  is  reached  where  the  time  taken  exceeds 
the  base  or  standard  time  by  50  percent,  when  the  premium  or  bonus 
ceases,  after  which  straight  day  work  is  paid.  Fig.  10  afifords  a 
comparison  of  the  hourly  rates  and  wages  under  both  schemes.  A 
feature  on  which  considerable  stress  has  very  properly  been  laid  by 
Mr.  Emerson  in  connection  with  his  system,  though  its  application  is 
not  confined  to  it,  but  may  be  applied  to  all  other  wage  systems,  is 
the  figuring  of  the  productive  efficiency  of  each  workman.  This 
consists  in  adding  together  the  "time  taken"  by  a  workman  on  all 
jobs  over  a  given  period,  likewise  the  corresponding  "standard 
time";  then,  dividing  the  total  "standard  time"  by  the  total  "time 
taken"  to  get  the  efficiency.  This  idea  may  be  carried  down  to  the 
individual  job,  if  desired  ;  or  it  may  be  applied  similarly  to  any 
single  department  of  a  works  and  the  productive  labor  efficiency 
ascertained  of  all  the  workmen  in  it.  taken  collectively,  thus  obtain- 
ing in  a  measure  the  efficiency  of  the  foreman.  It  will,  of  course,  be 
recognized  in  this  connection,  that  the  productive  labor  efficiency 
may  exceed  100  percent,  if  "standard  time"  is  based  upon  the  i)er- 
formance  of  the  average  skilled  workman  and  not  upon  the  excep- 
tionally skilled  artisan. 

PARKIIURST  COMBINATION    PREMIUM   SYSTEM 

This  is  a  system  devised  by  Mr.  F.  A.  Parkhurst.  apparently 
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identical  with  the  original  Emerson  efficiency  system,  except  that 
a  straight  line  instead  of  a  parabola  is  used  for  small  gains. 

COMPARISON  OF  WAGE  SYSTEMS 

A  comparison  of  the  various  wage  systems  here  discussed  is 
quite  difficult,  as  in  some  instances  the  performances  of  the  excep- 
tionally skilled  workmen  are  taken  in  determining  base  or  standard 
times;  while  in  others,  the  performances  of  the  average  skilled 
workmen  are  used.  The  difficulty  is  encountered  in  attempting  to 
decide  how  much  these  two  bases  differ.  In  comparing  these  several 
systems  here,  however,  such  differences  have  been  ignored  and  the 
base  or  standard  time  is  assumed  to  have  been  arrived  at  under  the 
same  conditions  in  all  cases.     In  straight  piece  work  the  price  is 
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FIG.    II — COMPARISON  OF  WAGE   SYSTEMS 

Time  Limit  =  time  allowed  within  which  work  must  be  performed  in  order  to  earn 
premium;  it  is  equal  to  the  standard  time  plus  an  additional  amount  called  an  "incentive. 
Standard  Time  =  time  in  which  work  should  actually  be  done  by  a  skilled  man  working  as 
he  ought  regularly  to  work;  in  some  systems  this  standard  time  is  based  on  the  exception- 
ally skilled  workman;  in  others  it  is  based  on  the  average  skilled  workman;  in  this  com- 
parison no  di  erenee  of  this  kind  is  observed.  Time  limit  =  6  hours;  standard  time  = 
4  hours;  workman's  rate       24c  per  hour;  piece  prices  =  $0.90— $1.162— $1.44. 

considered  as  being  the  same  as  in  the  premium  systems  when  the 
piece  is  completed  in  the  base  or  standard  time.  The  Halsey  40 
percent  system  is  used  in  order  to  correspond  with  the  20  percent 
incentive  of  the  Emerson  efficiency  system.  In  the  Cardullo  system, 
N  is  taken  as  2,  simply  to  distinguish  it  from  the  Rowan  system. 
The  bonus  in  the  Gantt  system  is  arbitrarily  taken  at  50  percent  of 
the  day  rate  for  making  standard  time  or  better.  Fig.  1 1  and  Table  I 
compare  the  several  systems  graphically  and  numerically. 

The  same  general  plan  may  be  followed  in  applying  a  premium 
or  bonus  system  to  groups,  as  to  individuals. 

GAIN  OR  PROFIT  SHARING  SCHEMES 

Gain  or  profit  sharing  schemes  are  becoming  more  and  more 
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numerous  and  arc  varied  in  the  extreme.  They  are  perhaps  appHed 
more  frecjuently  to  the  ol'fice  or  iioii-productive  force  of  an  estab- 
iishment  than  to  the  productive  element.  A  numher  of  years  ago 
Mr.  llcnr\  U.  Iouik'.  of  the  ^  ale  »!v  Tovvne  Mfg.  Company,  Stam- 
ford, Conn.,  manufacturers  of  keys,  locks  and  accessories,  developed 
and  used  successfully  a  \cry  no\cl  ^-.un  sharijig  scheme.  As  set 
forth  l)v  him.  "the  s\stcni     .     .     .     aims  to  afford  a  hasis  f(3r  alot- 


TAHLK  I— COMl'ARISON  OF  WAGK  SVSTI'.MS 

Time  limit        (J  hours  ;   standard  time  —  4  hours  ;    workman's  rate 
per  hour  ;  pitce  prices       So.'.tf) — 51.152 — SI. 44. 
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ting  to  the  employes  in  a  business,  a  share  in  the  gain  or  benefit  ac- 
cruing from  their  own  e/Torts.  without  involving  in  the  account  the 
general  profits  or  losses  of  the  business."  .Applied  by  him.  an 
average  cost  per  unit  was  first  determined  upon,  after  which  any 
saving  eflfected  in  the  cost  of  the  total  output  in  a  given  peri<id  re- 
sulting from  the  efforts  of  the  workmen  themselves,  was  propor- 
tioned on  the  basis  of  50  percent  to  the  company.  40  percent  to  the 
workmen  and   10  percent  to    the    foremen.      Each    workman    was 
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guaranteed  his  regular  wages,  so  that  it  is  at  once  seen  the  work- 
men shared  the  i)rofits,  but  were  protected  against  possible  losses. 
The  workmen's  share  of  the  profit  was  divided  among  them  on  the 
basis  of  wages  earned.  It  is  understood  this  scheme  is,  however,  no 
longer  in  efifect. 

One  of  the  most  original  and  liberal  schemes  of  i)rofit  sharing 
is  that  in  force  at  the  Nelson  Valve  Company,  St.  Louis,  Mo.  This 
concern  divides  profits  in  excess  of  six  percent  among  employes 
and  customers,  the  former  participating  on  the  basis  of  salaries  or 
wages,  the  latter  on  the  gross  profits  resulting  from  their  purchases. 

The  Crane  Company,  Chicago,  111.,  makers, qf  valves  and  valve 
fittings,  have  tried  a  number  of  profit-sharing  schemes  and  about 
nine  years  ago  fixed  upon  their  present  plan,  which  consists  simply 
in  giving  annually  to  all  employes  excepting  officials,  an  amount 
ranging  from  five  to  ten  percent  of  their  salaries  or  wages,  depend- 
ing upon  the  profits  of  the  business  for  the  last  fiscal  year.  There 
is  no  requirement  in  regard  to  length  of  service. 

The  Lodge  &  Shipley  Machine  Tool  Company,  Cincinnati, 
Ohio,  operate  under  a  premium  system  and  have  in  force  a  scheme 
of  monthly  profit  sharing  among  the  non-productive  portion  of  their 
employes,  including  tool,  pattern,  drawing  and  cost  departments. 
It  resembles  somewhat  the  one  used  by  the  Yale  &  Towne  Mfg. 
Company,  except  in  the  percentage  distribution  of  profits,  50  percent 
of  the  time  saved  going  to  the  workmen,  25  percent  to  the  foremen 
and  the  remaining  25  percent  to  the  so-called  non-producers  in 
these  non-productive  or  expense  sections.  In  the  productive  sec- 
tions, each  foreman  is  credited  with  a  bonus  of  five  cents  per  hour 
for  every  hour  saved  from  the  time  limit  or  allowed  time  on  all 
jobs  done  by  the  workmen  under  him,  being  debited  with  20  cents 
per  hour  for  every  hour  any  job  is  over-run.  the  difference  between 
these  two  accounts  constituting  the  bonus. 

The  leading  criticism  made  against  this  method  of  rewarding 
employes  is"  that  the  allotment  of  the  profits  once  a  year  is  too 
infrequent,  though  this  does  not  hold  in  all  cases,  as  for  instance, 
at  the  Lodge  &  Shipley  Machine  Tool  Company,  where  the  allot- 
ment is  on  a  monthly  basis.  An  additional  criticism  is  that  the  em- 
ployes do  not  share  in  the  losses.  The  principal  argument  in  favor 
of  gain  or  profit  sharing  is  that  it  increases  the  loyalty,  enthusiasm 
and  esprit  de  corps  of  the  entire  force,  a  most  desirable  achieve- 
ment and  one  the  value  of  which  it  is  impossible  to  measure  in  mere 
dollars  and  cents. 


ELECTRICAL  EQUIPMENT  FOR  AUTOMOBILES 

C.  E.  WILSON 

THE  manufacture  of  electrical  accessories  for  gas  engines  has 
become  a  large  industry,  especially  within  the  last  year. 
The  value  of  the  automobiles  manufactured  in  the  United 
States  during  the  past  year  has  been  conservatively  estimated  at 
$500000000.  This  means  a  $35000000  business  for  the  manu- 
facturers of  electrical  ai)paratus. 

IGNITION 

The  first  application  of  electricity  to  the  gas  engine,  the  pro- 
duction of  a  spark  for  ignition  purposes,  was  fundamental.  The 
first  ignition  device  consisted  of  a  set  of  primary  batteries  with  a 
suitable  high  tension  coil,   intcrrujjter  and  distributor.     The  mag- 


L-ftC:^ 


L<c»< 


FI<;.     I — TYfU  AI.    .MTOMOHII.K    \VIkIN(;    IHACKAM 

neto,  a  small  alternating-current  generator  of  the  permanent  magnet 
type,  was  a  later  development  which  largely  supplemented  the  older 
l)rimary  battery  arrangement  as  a  source  of  energy  for  ignition. 
Made  in  the  form  of  a  "high  tension  magneto,"  with  the  primary 
and  secondary  windings  wound  directly  on  the  armature  core  and 
used  for  an  induction  coil  as  well  as  a  generator,  it  is  a  very  com- 
pact  device   and   was  becoming  standard    for  ga<   engine   ignition. 

LIGHTING 

The  second  important  application  of  electricity  on  the  auto- 
mobile was  for  lighting  purposes.  Three  general  systems  have 
been  used  ;   first,  either  an  alternating  or  direct-current  generator 


I26o 


THE  ELECTRIC  JOURNAL 


supplying  energy  direct  to  the  lamps ;  second,  a  secondary  or 
storage  battery  which  was  charged  and  from  which  the  lamps  were 
operated  until  the  battery  required  charging  again ;  third,  a  direct- 
current  generator  and  storage  battery  operating  in  parallel.  This 
last  system  is  the  most  practical  and  is  being  universally  adopted. 
The  first  system  had  the  great  disadvantage  of  poor  regulation  and 
no  voltage  with  the  engine  stopped,  making  oil  side  and  tail  lights 
necessary;  and  the  second,  the  disadvantages  of  frequent  charging 
and  the  difficulty  of  obtaining  proper  charging  facilities.  With  the 
generator  and  battery  operating  in  parallel,  the  lamp  load  is  carried 
by  the  battery  at  low  car  speed  and  by  the  generator  at  average  and 
high  car  speeds.  At  the  high  car  speed  the  generator  charges  the 
battery  in  addition  to  furnishing  the  current  for  the  lamps  and,  with 
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Fig.  2 — Variation  of  starting  torque  requirements  with  speed  for  a  six- 
cylinder,  5  by  7  in.  engine. 

Fig.  3 — Gas  engine  torque  requirements  for  starting  and  running. 

the  lamps  turned  off,  the  generator  charges  the  battery  at  all  but 
very  low  car  speeds.  Electric  lighting  for  automobiles  really  be- 
came feasible  with  the  advent  of  the  tungsten  lamp.  Lighting  out- 
fits had  been  designed  before  the  introduction  of  metal  filament 
lamps,  but  the  weight,  cost  and  power  consumed  were  prohibitive. 
With  the  appearance  of  the  tungsten  lamp  and  the  consequent  re- 
duction of  the  energy  required  to  30  percent  of  that  required  for 
carbon  lamps,  electric  car  lighting  immediately  became  feasible. 
A  potential  of  six  volts,  three  lead  cells,  is  being  used  more  than 
any  other  because  tungsten  lamps  are  more  rugged  and  usually  give 
a  better  light  distribution  for  the  head  lights  at  this  voltage,  and 
because  the  storage  battery  is  ten  or  fifteen  percent  lighter  per 
watt-hour  than  for  higher  voltages. 

STARTING 

Cranking  a  gas  engine  by  hand   is   a   source  of  great  incon- 
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venieiice.  Many  forms  of  air,  gas  and  spring  starters  have  been  de- 
vised and  some  have  been  fairly  successful.  The  need  and  demand 
for  a  mechanical  starter  has  long  been  felt,  and  when  a  storage  bat- 
tery, a  source  of  stored  energ\%  came  into  use  on  the  automobile  for 
supplying  current  for  the  lamps,  it  was  a  natural  development  to  use 
this  energy  for  starting  also.  The  use  of  the  electric  starter  is 
practically  a  development  of  the  last  two  years  and  its  general 
adoption  by  automobile  manufacturers  has  been  so  rapid  that  this 
part  of  the  business  has  had  a  phenomenal  growth. 

ELECTRIC  GEAR  SHIFTING 

The  fourth  and 'most  recent  application  of  electricity  on  the 

car  occurs   in  the  use  of  electro-magnets   for  shifting  the  gears. 

^  ,       Instead  of  shifting 

the  gears  by  a  hand 
lever  when  differ- 
ent driving  ratios 
a  r  e  required,  the 
gears  are  selected 
and  shifted  by 
pressing  push  but- 
tons on  the  steer- 
ing column,  there- 
by completing  the 
circuit  through  the 
electro  -  magnets, 
and  operating  the 
clutch.  A  number 
.  t  f  a  u  t  o  m  o  b  i  1  e 
A  SIX-  ni  a  n  u  f  a  c  t  urer-^ 
have  aire  a  d  y 
adopted  this  electric  gear  .shift  as  standard  e(|uipment  and  a  num- 
ber more  will  exhibit  cars  and  ammunce  its  adoption  at  the  auto- 
mobile shows  this  coming  season. 


FIG.  4— Li(;nTi.\(;  .\m)  kinitiu.n  gk.nkkatok  im 

CYLINDER  GASOLINE  ENGINI 


n.VTTMRV    IGNITION 

With  the  general  use  of  the  storage  battery  i-ii  .uitomobiles 
battery  ignition  is  again  coming  to  the  front.  This  new  battery 
ignition  is  diflferent  in  many  essentials  fr<Mn  the  oM  type.  The 
storage  battery  is  nuuh  more  powerful  than  the  dry  cells  which 
were  formerly  used  an<l  a  much  hotter  and  more  delim'tc  spark  can 
be  obtained.     The  art  ««f  making  st<^rago  batteries  for  this  service 
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has  developed  very  rapidly  and  they  have  become  reliable  pieces  of 
apparatus.  With  the  installation  of  a  complete  electrical  system  on 
the  car,  frequent  charging  or  renewing  of  batteries  is  not  required. 
Due  to  recent  improvements  in  the  interrupter,  a  spark  of  approxi- 
mately uniform  intensity  can  be  obtained  at  all  speeds  within  the 
working  range,  and  the  lag  in  the  spark  at  high  speed  which  was 
inherent  in  most  of  the  old  battery  systems  has  been  compen- 
sated for. 

GENERAL  REOUIREIMENTS 

The   up-to-the-minute   automobile   has    a   complete   generating 
and    distributing    system ;    a    generator    to    supply    the    current ;    a 

,  storage  battery  to  take 
the  peaks  of  the  load ;  a 
lighting  load  and  a 
power  load  consisting  of 
the  starting  motor,  igni- 
tion generator  and.  in 
some  cases,  other  de- 
vices such  as  electrically- 
operated  horn  a  n  d 
primer.  A  typical  car 
wiring  diagram  is  shown 
in  Fig.  I.  The  required 
performance  of  the  elec- 
trical apparatus  depends 
somewhat  on  the  size  of 
the  automobile,  but  in 
general  is  as  follows : — 
The  ordinary  lamp  load 
is  7.5  to  8  amperes  at  six  volts.  The  size  and  voltage 
of  the  battery  depends  on  the  system  used;  with  the  six 
volt  systems  an  80  or  100  ampere-hour  battery  weighing  from  50 
to  60  lbs.  has  been  found  to  be  satisfactory.  Such  a  battery  has 
sufficient  storage  capacity  to  average  up  the  current  requirements 
for  the  different  conditions  of  operation.  It  will  carry  the  total 
lamp  load  for  eight  or  ten  hours,  will  stand  a  continuous  charging 
current  of  from  10  to  12  amperes  without  damage  and  will  give  a 
momentary  starting  current  of  from  250  to  350  amperes  without 
injury.  A  good  ignition  device  will  take  from  one  to  two  amperes. 
The  ampere-hours  required  for  starting  are  small ;  for,  while  the 
current  taken  is  large,  an  average  start  is  obtained  in  about  two 
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— DETAILS   OF   LIGHTING   AND   IGNITION    (iEN- 
ERATOR   FOR   A   SIX-CYLINDER   ENGINE 
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seconds.  An  a\erage  current  of  one  a!P])(.Tc  is  a  liberal  allowance 
for  the  starter,  gear  shift  magnets,  horn  and  ])rinK'r.  The  generator 
should  balance  the  lani])  load  at  from  i  _>  [,,  13  miles  per  hour, 
should  begin  charging  the  battery,  with  lamps  turned  (tff,  at  eight 
or  ten  miles  ])er  hour  and  should  have  a  maximum  charging  current 
which  will  not  injure  the  battery.  With  this  performance  the  gen- 
erator will  supply  the  lamp  load  and  current  for  ignition  in  average 
night  running,  will  give  the  battery  sufficient  charging  during  day 
running  to  take  care  of  the  ignition,  starting  and  lamp  load  of  side 
and  ta'l  lam])s  during  the  time  the  car  may  be  left  standing  at  night 

and  will  give  the  bat- 
tery sufficient  o  v  e  r  - 
charge  to  kee])  it  ni 
good  condition  and  give 
a  suppl}'  of  reserve  en- 
ergy for  unusual  oi)er- 
ating  conditions.  The 
average  torque  require- 
ments of  a  large  six 
cylinder  gas  engine  at 
low  speed  are  shown  in 
I'ig.  2.  'i'his  ti)r(|ue  is 
somewhat  variable  and 
depends  not  only  on  the 
size  of  the  engine,  but 
also  on  the  position  of 
the  pistons,  the  com- 
pression and  an\'  addi- 
tional friction  due  to 
cold  oil,  rust.  etc.  The 
true  starting  tor(|ue  is  usually  from  j.5  to  3  times  the  tor(|ue 
at  the  cranking  speed.  I*"ig.  3  shows  the  average  starting  and 
cranking  tor(|ue  rt(|uiremcnts  of  various  sizes  of  gasoline  engines. 
'I'hese  curves  are  the  result  of  actual  tests  and  show  the  average  rc- 
(|uirements  of  ne\'  and  fairly  stiff  engines.  It  is  necessary  to  all  >w 
an  additional  margin  over  the  values  shown  in  I'ig.  3  to  cover 
Conditions  of  starting. 

rOMIUN.V  I  IONS 

There  are  many  difTerent  system-^  i>n  the  market  which 
obtain  the  rec|uired  ignition,  lighting  and  starting  in  different 
ways:  tiist.  the  combination  of  ignition  and  lighting  in  one  unit  and 
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FIG.   6 — nETAU-S   OK    .AN    OI.DKR    TVPK   OF    I-IGHTINd 
AND   IGNITION   GKNKRATOK 
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starting  in  a  separate  unit ;  second,  ignition,  lighting  and  starting  in 
three  separate  units,  one  of  which  is  a  magneto ;  third,  the  combina- 
tion of  ignition,  Hghting  and  starting  in  one  machine ;  fourth, 
separate  ignition  and  the  combination  of  lighting  and  starting  in  one 
machire,  which  i'.,  a  motor-generator  of  the  direct-connected  fly- 
wheel type  or  one  which  operates  at  from  two  to  three  times  engine 
speed.  The  relative  merits  of  these  various  types  have  been  dis- 
cussed at  length  in  recent  meetings  of  technical  societies.* 

DETAILED   DESCRIPTION 

The  first  and  fundamental  requirement  of  the  complete  system 
is  reliability ;  the  second,  that  the  units  be  of.  such  shape  that  they 
lend  themselves  to  the  normal  car  design  and  give  a  good  distribu- 
tion of  weight ;  the 
third,  that  the  total 
weight  of  the  system 
shall  be  as  low  as  pos- 
sible in  order  to  keep 
down  the  wear  on  tires, 
the  fuel  consumption 
per  mile  and  the  cost  of 
the  additional  parts 
necessary  to  carry  this 
dead  weight.  The  first 
system  previously  men- 
tioned is  the  one  with 
which  the  writer  is  most 
familiar,  using  ma- 
chines of   the  rectangu- 

FIG.   7 — PERFORMANCE   CHARACTERISTICS   OF   A  GEN-     j^j.     ^ypg     dcsiffned     eSOC- 
ERATOR  SUCH   AS   SHOWN   IN   FIG.   5  jP  •-   &  "r 

cially  for  mounting 
alongside  the  engine  under  the  hood.  By  mounting  them  in  this 
manner  they  are  readily  accessible,  and  can  easily  be  inspected  and 
given  any  care  which  may  be  necessary.  The  combination  of  igni- 
tion and  lighting  in  one  machine  gives  a  reduced  weight  as  compared 
with  a  magneto  and  separate  generator.  The  two  functions  are 
readily  combined  in  one  machine  and  this  machine  is  easily  applied 
to  practically  any  gasoline  engine. 

A     lighting     and     ignition     generator     for     a     six     cylinder 
engine   is   shown    in   Fig.   4,   the    details   being   shown   in    Fig.    5. 


*Proceeding  S.  A.  E.,  May.  June,  0(ftober,  1913.    Proceeding  A.  I.  E.  E 
Nov.,  1913- 
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It  is  a  self-contained  unit  with  the  ignition  coil  moulded  into  the 
distributer  plate  and  the  condenser  located  in  the  end  bracket  near 
the  interrui)ter  where  it  does  the  most  good.  Fig.  6  shows  the  de- 
tails of  a  lightinc^  and  ignition  machine  of  an  older  type  with 
separate  coil  and  condenser.  Fig.  7  shows  the  performance  of  a 
generator  which  weighs  about  35  lbs.  It  is  of  the  differential  series 
type  with  automatic  cut-out  switch.  Connections  are  made  so  that 
the  current  for  the  lamps  does  not  pass  through  the  series  field. 
This  gives  the  generator  a  greatly  increased  output  when  the  lamps 
are  turned  on  and  takes  care  of  the  car  which  is  operated  a  great 
deal  at  night  and  very  little  in  the  day  time. 

The  ignition  parts  of  the  lighting  and  ignition  generator  add 
only  about  five  pounds  to  the  weight  of  the  lighting  generator.  As 
a  magneto  weighs  anywhere  from  15  to  25  pounds  this  represents  a 
clear  gain  of  approximately  15  pounds.     The  interrupter,  as  shown 
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FIG.       9 — .\UTOMATIC       SPARK       ADVANXE 
WITH    I.NCREASE   IN    SPEED 


in  Fig.  5,  is  known  as  the  beam  type  and  consists  of  a  stiff  member. 
a  spiral  spring,  fibre  bearing,  platinum  contacts  and  bumper  blocks. 
In  place  of  an  ordinary  cam  as  used  in  a  magneto,  a  combination  of 
weights  and  springs  is  used.  The  object  of  this  arrangement  is  to 
give  an  approximately  constant  time  for  the  current  to  build  up  in 
the  primary  of  the  ignition  coil.  Fig.  8  shows  the  rise  <if  current  in 
the  primary  of  the  ignition  coil  when  operating  on  the  six  volt  bat- 
tery. Tn  order  to  get  a[;g<xid  hot  spark,  a  time  interval  of  about 
0.003  second  must  be  allowed  for  the  current  to  build  up,  but  the 
contacts  must  nr)t  be  allowed  t<i  remain  together  too  long  at  l<>w 
speed  on  account  of  the  large  current  taken  fro-n  the  storage  bat- 
tery. An  interval  of  from  0.003  to  0.0T5  second  represents  the 
commercial  limits  for  the  time  of  building  up  current  in  the  primary 
and   within   these  limits  approximately   uniform  spark   intensity  is 
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obtained.  The  weights,  by  giving  small  arc  of  contact  at  slow  sjieed 
and  a  very  much  increased  arc  of  contact  at  high  si)eed,  kecj)  the 
actual  time  of  contact  within  the  limits  previously  mentioned,  ddie 
centrifugal  weights  in  addition  to  their  function  of  giving  uniform 
.spark  intensity,  advance  the  spark  as  the  speed  increases.  Fig.  9 
shows  the  degrees  advance  of  the  spark  in  terms  of  generator  speed. 
It  is  not  possible,  however,  with  this  arrangement  to  do  away  with 
hand  control  of  the  spark.  The  hand  control  is  necessary  to  take 
care  of  the  general  conditions  which  affect  the  timing  of  the  spark 
and  the  automatic  feature  takes  care  of  changes  in  speed.  The 
current  in  a  high  tension  spark  obtained  from  this  battery  igniti-ui 
outfit  is  shown  in  Fig.  10,  and  the  current  in  a  high  tension  spark 
from  a  standard  high  tension  n^agneto  is  shown  in  Fig.  11.  Com- 
paring these   two   sparks,   the   currents   at   the   hrst   instant,   or    in 
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Fig  10 — Oscillograph  of  the  high  tension  spark  of  an  ignition 
generator. 

Fig.  II — Oscillograph  of  the  high  tension  spark  of  a  stand- 
ard magneto. 

Other  words,  the  spark  intensity  at  the  time  of  firing,  is  found  to  be 
approximately  the  same  for  both.  A\'ith  the  battery  ignition  this 
same  spark  intensity  is  maintained  at  all  speeds,  while  with  the 
magneto  it  decreases  at  low  speed  and  increases  somewhat  at  very 
high  speed.  A  spark  intensity  as  shown  in  Fig.  10  and  1 1  is  amply 
sufficient  and  any  increase  only  tends  to  burn  the  points  of  the 
spark  plugs,  whereas  any  material  decrease  at  low  speed  means  un- 
certain operation. 

By  using  a  separate  starting  motor  advantage  can  be  taken  of 
the  light  weight  and  good  performance  of  a  high-speed  machine, 
such  as  is  shown  in  Fig.   12.     These  motors  are  made  in  half  and 
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three-c|uartcr  horsc-powcr  sizes  at  a])i)roxiniatcly  2  5CX)  r.p.m.  when 
operating  on  the  battery  voUage.  wliich  varies  from  5.2  to  5.5 
volts,  depending  on  the  condition  of  the  battery  and  the  resistance 
of  the  car  wiring.  The  machines  are  of  a  rectanguhir  type,  de- 
signed for  mounting 
under  the  h  o  o  d 
alongside  of  the  en- 
gine and  weigh  iS 
and  23  i)ounds  in 
the  half  ;ind  three- 
ijuarter  horse-power 
sizes.  The  rating  of 
a  motor  is  given  at 
the  normal  cranking 
s])eed  of  the  engine 
to  which  it  will  he 
applied.  In  u  t  h  e  r 
words,  if  the  engine 
is  started  up  without 
gasoline  it  will  he 
turned  over  by  the  starting  motor  at  this  normal  cranking  speed 
and.  in  so  doing,  the  starting  motor  will  develop  its  rated  horse- 
power. Fig.  13  shows  the  starting  torcjue  of  the  gas  engine  and 
the  tor(|ue  developed  by  the  starting  motor  at  the  engine  shaft. 
Where  the  curve  of  the  tor(|ue  develojxj  by  the  starting  mentor 
crosses  the  curve  of  the  torc|ue 


FIG. 
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required   by  the  gas   engine   the 

l>alancing     speed     or     cranking 

speed  is  obtained.     Applications 

are   usually   made   so   that   with 

stiff  engines   or   with    very   cold 

engines  a  cranking  speed  will  be 

obtained  of  at  least  So  r.p.m.  for 

a  four  cylinder  and  (>o  r.p.m.  for 

a    six    cylinder    engine.      L'ndcr 

normal  conditions  of  operation  a 

much  higher  cranking  speed  will 

be  obtained,  ranging  from  icx5  to 

125  r.p.m.   for  the  four  cylinder  and  ~^  to   icx)  r.p.m.  for  the  six 

cylinder  engines.      I'igs.    14  and    13   show  the  details  of  a  starting 

motor,   including  the  gears   in   the  gear  box.      The   same   starting 

motor  can  be  used  with  a  number  of  ditTerent  combinations  of  gears. 

The  one  shown  is  a  planetary  gear  box  giving  a  ratio  9.5  to  i. 


FIG.  13 — VARI.VTION  OF  MOTOR  ST.\RTIN«. 
TOROl-K  WITH  R.P.M..  .\ND  THE  CORRF.- 
SI'ONIUNG  TORyi'K  RKQIMRF-M  F.NTS  OF 
TUF.  GAS  KNGIXK 
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A  typical  application  of  front  end  drive  for  starting  is  shown  in 
Fig.  i6.  A  chain  drive  is  used  from  the  starting  motor  gear  box 
to  the  engine  shaft.  With  a  ratio  of  9.5  in  the  gear  box  and  ap- 
proximately 2.5  in  the  chain  a  total  ratio  of  23.5  to  i  is  obtained. 
On  this  particular  application  this  gave  a  cranking  speed  of  ap- 
proximately no  r.p.m.  Avhen  the  engine  was  reasonably  stiff.     An 


GEARS 


FRAME 


GEAR 
COVER 


BRUSHES 

END  BRACKET 


SPRING 
COLLAR 


ARMATURE 


mms^ 


TfiffiiWMlTlifft^^ 

FIG.    14 — DETAILS   OF   STARTING    MOTOR 


over-running  clutch  of  the  roller  type  is  used  on  the  engine  shaft 
so  that  the  starting  motor  can  drive  the  gasoline  engine,  but  the 
engine  cannot  drive  the  starting  motor.  With  this  arrangement  the 
chain  is  in  operation  only  during  starting. 


FIG.    15 DETAILS    OF    STARTING    MOTOR 

A  typical  flywheel  application  on  an  engine  with  an  enclosed 
flywheel  is  shown  in  Fig.  17.  In  this  particular  installation  a  light- 
ing generator  and  magneto  were  used.  A  gear  ratio  of  between  15 
and  30  to  I  is  obtained  by  means  of  double  reduction  spur  gears. 
The  large  gear  can  be  made  by  cutting  teeth  directly  into  the  fly- 
wheel or  by  bolting  a  separate  gear  to  the  rim  of  the  flywheel.  A 
reduction  of  approximately  8  to  i  can  be  obtained  in  the  flywheel 
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proper  and  the  additional  reduction  must  be  obtained  in  the  back 
gear.  Api)lications  have  been  made  in  which  the  pinion  of  the  back- 
reduction  gear  is  shifted  into  the  flywheel  by  an  electro-magnet. 
This  makes  a  very  neat  application  and  one  which  can  be  inter- 
locked with  the  generate^-  m)  that  the  starting  motor  operation  can 
only  l)e  obtained  at  low  engine  speed.  There  is  thus  no  danger  of 
damaging  the  starting  mechanism  by  accidently  trying  to  throw  the 


KK..    16 — .\PPLIC.\TIO.\   OF   IKU.NT-K.NU  DkU  K 
FOR    ST.\RTIN(; 


pinions  into  mesh   when   the  gasoline  engine  is  operating  at  high 
speed. 

CONCLUSION 

The  development  of  the  present  electrical  equipment  for  aut<i- 
mobiles  has  been  very  rapid.  Additional  improvements  and  changes 
may  be  expected  in  the  next  two  years,  and  there  probably  will  be  a 
tendency  to  adopt  one  or  two  systems  as  standard.  This  is  espe- 
cially true  because  a  number  of  automobile  companies  buy  prac- 
tically all  parts  from  accessory  manufacturers,  and  merely  assemble 
the  parts  to  form  a  car.  With  this  scheme  of  building  cars  it  is 
highly  important  to  have  standard  equipment  which  can  be  used  on 
all  makes  of  engines  and  all  arrangements  of  assembly.     The  dc- 
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velopment  will  be  in  the  line  of  increased  reliability,  reduced  cost 
and  improved  methods  of  applying  or  assembling  the  electrical 
equipment  on  the  automobile.  A  number  of  applications  at  present 
on  the  market  are  quite  apparently  make-shifts  and  will  be  un- 
doubtedly changed  when  the  automojjile  manufacturers  bring  out 


FIG.    17 APPLICATION   OF   FLYWHEEL   DRIVE   FOR   STARTING 

their  new  models.  In  the  case  of  many  four  cylinder  engines,  three 
units  cannot  readily  be  placed  under  the  hood  of  the  engine.  It  is 
very  difficult  to  foresee  what  the  ultimate  application  is  likely  to  be, 
but  it  certainly  will  not  consist  of  more  than  two  units.  This 
probably  means  a  combination  of  ignition  and  lighting  in  one  unit 
with  separate  starting  motor. 


ARTIFICIAL  RESUSCITATION* 

CHAS.  A.  LAUFFER.M.D. 
Medical  Director,  Relief  Department,  Westlnghouse  Electric  &  Mfg.  Company 

VA1\1()L'S  nicthods  of  restoring  life  in  persons  apparently 
dead  have  been  practiced  from  time  immemorial.  ( )f 
these  the  Sylvester-Laborde  was  largely  in  vogue,  until 
superseded  by  the  Schaeffer,  or  prone  pressure  method.  By 
spirometer  methods  of  accurate  determination,  the  old  Sylvester- 
Laborde  method  is  reported  to  have  an  efficiency  of  175  c.  c.  of  air 
ex])elled,  against  520  c.  c.  by  the  Schaeffer  method. 

In  addition  to  the  higher  efficiency  of  the  Schaeffer  method,  it 
utilizes  the  diaphragm,  which  is  the  chief  muscle  of  respiration, 
whereas  the  old,  laborious  Sylvester  method  expended  the  chief 
time  and  energy  on  the  pectoral  and  intercostal  muscles,  which 
physiologists  have  always  regarded  as  accessory  muscles  of  respira- 
tion. The  normal  lungs  are  unattached  to  the  chest  walls ;  only 
their  blood  vessels  and  the  bronchi  give  them  support.  When 
empty,  the  lungs  are  partly  collapsed,  and  when  filled  with  air  they 
are  expanded  to  occupy  the  cavities  designed  for  them.  Using  the 
lungs  of  a  cat  in  the  familiar  bell  jar  experiment,  and  employing  a 
sheet  of  rubber  to  represent  tlie  diaphragm,  it  is  self-evident  that 
the  natural  mode  of  inflating  and  emptying  the  lungs  is  by  the 
activity  of  the  diaphragm.  The  diaphragm  is  an  arched  muscular 
partition.  Its  convex  surface  is  the  floor  of  the  chest;  its  concave 
surface  is  the  roof  of  the  abdomen.  It  is  as  necessary  to  life  as  the 
heart;  the  continuous  rhythmic  contractions  of  Ijoth  muscles  are 
necessary  to  continual  life.  A  man  can  fast  forty  days  if  water  is 
plentifully  supplied  him.  He  can  be  deprived  of  sleep  ft)r  eight 
days  and  nights  and  may  recover,  but  if  he  is  deprived  of  air  for 
three  minutes  he  is  liable  to  perish. 

The  conditions  under  which  the  action  of  the  diaphragm  will 
be  paralyzed,  thereby  depriving  a  man  of  air  are: — 

I — Electric  Shock — \\y  its  action  on  the  nervous  system,  the 
passage  of  an  electric  current  may  arrest  the  action  of  the 
fliaphragm. 

J — .Isphxxialion — There  are  fortv  or  more  non-respirable 
gases  which,  upon  entering  the  lungs,  paralyze  the  respiratory 
center  in  the  brain  (medulla).  ICxdusion  of  air.  as  in  a  closed 
vault  or  in  drowning,  produces  asphyxia,  due  io  the  lack  of  oxygen 
and  the  retention  of  carbon-dioxide.     Certain  drugs,  as  opium,  in  a 


*Basc(l  oil  a  i)apt.'r  read  before  the  I'-a-steni  New  York  section  of  the 
National  Klectric  Light  .\ssociation.  September  15.  1913. 
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similar  manner  arrest  the  action  of  the  diaphragm.  Chloroform  and 
ether  may  act  in  this  manner. 

3 — Traiiiiiafic  Shock — A  blow  on  the  head,  jaw,  or  neck,  or 
over  the  solar  plexus,  will  sometimes  paralyze  the  diaphragm.  A 
man  who  gets  such  a  knock-out  blow  must  be  made  to  breathe  until 
his  disturbed  nerve  centers  recover  their  normal  functions. 

The  time  to  prepare  for  such  calamities  is  right  now.  Every 
man  should  know  how  to  give  artificial  respiration.  Suspended 
animation  requires  instant  relief,  and  the  man  who  fails  to  qualify 
himself,  and  who  does  not  know  how  to  resuscitate  a  comrade  when 
the  emergency  arises,  is  morally  guilty  of  manslaughter. 

If  the  victim  of  electric  shock,  or  drowning,  or  of  suflfocation 
by  gases,  is  allowed  to  be  without  air  until  the  doctor  arrives,  some 
inconsiderate  person  who  himself  has  neglected  to  practice  up  on 
artificial  respiration,  will  complacently  attribute  the  death  to  the 
tardiness  in  the  arrival  of  the  doctor.  Another  individual,  who  has 
failed  to  qualify  himself  in  artificial  respiration,  may  attribute  the 
loss  of  life  in  electric  shock  to  the  high  voltage,  or  other  unfavor- 
able factors ;  he  may  endeavor  to  exonerate  himself  on  the  ground, 
that  even  if  he  had  understood  the  method,  the  man  was  already 
dead,  and  efforts  at  resuscitation  would  have  been  futile.  Such 
sophistry  is  but  a  cloak  for  indifference  and  ignorance.  Every  man 
who  requires  artificial  respiration  should  be  given  a  chance.  It  is 
as  much  your  business  as  it  is  the  doctor's  to  be  prepared  in  antici- 
pation of  any  such  emergency,  and  to  be  able  to  administer  artificial 
respiration.  No  man  of  average  intelligence  and  ordinary  con- 
science should  be  exempted  from  practicing  the  method. 

RECOVERY  A  POSSIBILITY 

Men  have  received  8000  and  10  000  volts — we  personally 
know  of  one  who  received  11  000  volts — and  recovered.  Arc  and 
static  discharges  from  240  000  volt  conductors,  and  even  higher 
voltages,  are  not  necessarily  fatal,  if  artificial  respiration  is  resorted 
to  at  once,  as  the  following  actual  instances  will  show : — 

Case  A — During  July,  1913,  a  patient  received  8000  volts.  He 
was  unable  to  release  himself  from  a  live  wire  he  had  inadvertantly 
touched,  and  which  was  fastened  to  a  switchboard.  He  had  failed 
to  trace  its  source,  but  started  to  unscrew  the  connection ;  his  right 
hand  touched  the  screw,  his  left  hand  held  the  bare  wire,  while  the 
current  went  through  his  body.  The  left  hand  folded  over  the  right 
breast,  and  in  falling  his  right  forearm  and  back  came  in  contact 
with  iron  piping.     He  was  badly  burned  in  five  places. 
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The  comrade  nearest  liiiii  who  saw  him  drop,  took  four  steps 
to  i)ick  up  a  piece  of  wood,  ran  back  the  four  steps  and  knocked  the 
line  out  of  his  hand.  The  duration  of  the  dangerous  contact  ex- 
ceeded fifteen  seconds. 

It  required  fifteen  minutes  of  rhythmic  effort  at  artificial 
respiration  to  get  him  back  to  normal  breathing.  For  a  time  he 
breathed  as  though  every  breath  would  be  his  last,  his  diaphragm 
being  in  tetanic  contraction,  but  by  increasing  the  elevation  of  the 
diaphragm  at  the  rate  of  twelve  times  a  minute,  by  the  prone 
pressure  method,  this  spasmodic  type  of  respiration  subsided,  and 
normal  breathing  was  restored.  Mr.  E.  V.  Saunders  rescued  him 
from  the  line,  and  he,  together  with  Mr.  C.  W.  Diehl  have  the 
honor  of  this  resuscitation.  , 

Case  B — This  accident  occurred  five  years  ago.  The  patient 
opened  a  live  circuit  and  fell  against  a  steel  hose,  receiving  10  000 
volts,  and  the  contact  was  of  several  seconds  duration.  He  lost  two 
fingers  and  carries  ugly  scars  on  his  palm,  wrist  and  back.  His 
case  presented  a  severe  complication,  edema  of  the  lungs;  fully  two 
pints  of  bloodstained  serum  was  expectorated,  but  he  reacted  to 
drugs  and  cracked  ice,  and  his  burns  healed  happily. 

The  honor  of  this  rescue  and  resuscitation  belongs  to  Mr.  F.  S. 
Peterkin,  a  man  who  has  resuscitated  six  men  without  a  failure. 
One  hundred  percent  of  success  is  noble  achievement;  all  of  his 
cases  were  at  high  voltage,  and  of  a  serious  type.  Why  this  man's 
uninterrupted  success?  He  gets  busy  at  once,  for  every  second  is  an 
hour  when  the  action  of  a  man's  diajjhragm  is  i)aralyzed.  He 
works  continuously  at  the  artificial  respiration  ;  he  does  not  stop 
to  theorize  about  the  fibrillating  heart,  or  the  probability  of  hemor- 
rhage in  the  brain  and  spinal  cord.  A  victim  of  electric  sluxk,  and 
other  conditions  requiring  resuscitation,  needs  instant  assistance  in 
the  way  of  artificial  respiration  ;  few  persons  are  killed  outright  by 
electricity. 

Case  C — This  man  received  11  000  volts,  yet  was  successfully 
re.suscitated.  His  i)alms  were  .so  deeply  burned  that  both  hands 
were  subsequently  amputated. 

Cases  are  on  record,  moreover,  where  patients  were  declared 
dead  hy  physicians,  yet  by  the  prone  pressure  method  of  artificial 
respiration  have  been  resuscitated.  F.ut  because  prone  pressure  has 
no  apparatus  to  sell,  it  has  no  publicity  department  and  the  general 
public  is  too  little  informed  of  these  successes.  There  will  always 
be  need  of  manual  methods,  yet  some  of  the  mechanical  devices 
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should  probably  be  endorsed.  But  until  all  cases  are  honestly  re 
ported,  manual  methods  will  not  receive  due  publicity;  the  com- 
mercial interests  back  of  the  mechanical  devices  boost  their  a])- 
paratus,  and  disparage  manual  methods,  notwithstanding  the  fact 
that  manual  methods  are  necessary  to  keep  the  patient  alive  until 
the  apparatus  can  be  brought  to  the  scene.  It  is  then  customary  to 
give  such  apparatus  the  entire  credit  for  the  resuscitation. 

RULES    FOR    THE    PRONE    PRESSURE    METHOD 

I — The  Position  of  the  Patient — The  patient  is  laid  flat  on  his 
stomach,  face  turned  to  one  side,  so  that  the  mouth  and  nose  do  not 
touch  the  ground.    His  arms  are  drawn  away  from  his  body,  or  ex- 
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FIG.    I — CORRIXT    POSITION    FOR    APPLICATION    OF    PRONE    PRESSURE    METHOD    OF 

ARTIFICIAL    RESPIRATION 

tended  above  his  head.  The  mouth  is  cleaned  of  mucus,  blood, 
serum,  tobacco,  chewing  gum,  false  teeth  or  any  other  obstruction, 
by  a  stroke  of  the  finger.  This  prone  position  causes  the  tongue  to 
fall  forward  of  its  own  weight,  as  well  as  facilitates  the  removal  of 
liquids  from  the  mouth  and  air  passages  by  gravity.  It  is  this  fact 
that  makes  it  possible  for  one  man,  alone  and  unassisted  to  save  the 
life  of  a  comrade  in  drowning,  electric  shock,  or  other  condition 
requiring  artificial  respiration. 

2 — The  Posture  of  the  Operator — The  operator  kneels,  strad- 
dling the  patient's  thighs,  or  kneels  by  either  side  of  the  thighs, 
facing  the  patient's  head.  The  operator's  hands  are  placed  on  the 
outer  ends  of  the  patient's  lowest  ribs ;  the  fingers  curl  around  under 
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the  body,  and  are  out  of  the  sight  of  the  operator.  Care  i.s  ob.served 
ti)  keep  the  hands  away  from  the  spine,  and  to  avoid  pressure  on 
the  pelvis. 

3 — The  Mode  of  Operation — The  operator's  thumbs  are  rotated 
outwards,  whicli  assists  him  in  hokhng  his  arms  straight;  he  does 
not  use  his  arm  muscles,  but  his  Ijody  weight  is  brought  from  his 
shoulders,  by  bringing  liis  body  and  shoulders  forward.  This 
weight  is  gradually  increased  (there  is  no  sudden  thrust),  until  at 
the  end  of  three  seconds  of  vertical  pressure  upon  the  lowest  ribs 
of  the  i:)atient,  the  force  exerted  is  felt  to  have  com])ressed  the  parts, 
then  the  weight  is  suddenly  remoxed.  When  tlic  pressure  is  thus  ex- 
erted on  the  lowest  ribs,  the  organs  under  llie  dia])hragm  (the  li\cr. 
stomach,  spleen,  kidneys,  etc. )  drive  up  the  dia])hragm ;  when  the 
hands  are  removed,  or  the  pressure  remitted,  tiie  displaced  organs 
drop  back  to  their  normal  relations.  When  the  dia])hragm  is  thus 
forced  to  rise,  the  lungs  are  emi)tied.  When  it  descends,  a  partial 
vacuum  exists,  and  the  lungs  are  filled  by  atmos])heric  pressure. 
The  lungs  are  thus  passive,  like  in  normal  breathing.  Hence,  by 
the  prone  pressure  method,  there  is  no  possibility  of  lacerating  lung 
tissue,  such  as  is  liable  to  occur  when  mechanical  apparatus  of  the 
bellows  type  is  employed 

4 — Rate  Per  Minute  and  Duration  of  Operation — The  rate  of 
operation  should  be  about  twelve  times  a  minute.  The  lungs  should 
be  thoroughly  emptied  by  three  seconds  of  vertical  pressure,  in  the 
manner  described  ;  then  the  hands  are  removed,  and  the  refilling  of 
the  lungs  takes  care  of  itself.  Pressure  and  release  of  pressure — one 
complete  respiration — occupies  about  five  seconds.  This  rate  can 
be  approximated  l)y  the  operator  following  his  own  deep  regular 
respiration,  if  he  is  alone;  or  by  countiiig.  or  he  can  use  his  watch. 
If  comrades  are  present,  he  can  be  guided  by  them. 

Such  efforts  arc  usually  successful  within  twenty-five  mimUes. 
but  shouUl  be  continued  indefinitely,  without  interruption  for  any 
cause.  ( )ne  hour,  even  two  hours  or  more,  may  be  required  to 
bring  the  patient  to  consciousness. 

^—Supplemental  Assistance — While  the  artificial  respiration 
is  being  carried  on.  a  second  party  should  clear  the  mouth  (^f  all 
foreign  material,  then  hold  continuously  a  cloth  saturated  with 
aromatic  spirits  of  ammonia  near  the  nose.  \\'hile  this  is  being  at- 
tended to.  a  third  |)arty  summons  a  doctor.  X<1  lit|uid>^  dnre  be 
given  by  the  mouth  while  the  patietU  is  unconscious.  ( )n  the  arrival 
of  the  doctor,  he  can  stimulate  the  heart  of  the  patient  with  such 
drugs  as  atropin   aufl   strychnin,  and  can   direct   the   supplying  of 
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external  heat,  if  there  is  collapse,  or  the  weather  is  cold ;  and  he  can 
direct  the  infliction  of  such  pain  as  is  deemed  requisite,  such  as 
pulling  the  patient's  hair,  pounding  with  a  board,  slapping,  rubbing, 
stretching  the  sphincter  ani  muscle,  pulling  the  tongue. 

In  conclusion,  as  a  manual  method,  the  prone  pressure  or 
Schaeffer  method,  holds  the  position  of  primacy.  It  has  been  the 
writer's  good  fortune  to  instruct  over  2  000  persons  in  this  method. 
Those  who  have  had  occasion  to  employ  it,  believe  firmly  in  its  ef- 
ficiency. We  have  used  it  since  1909,  and  regret  only  that  Prof. 
Schaefifer  delayed  until  1908  the  presentation  of  the  facts  of  his 
method  before  the  American  Medical  Association. 

HERO    MEDAL    RECOMMENDED 

The  National  Electric  Light  Association  is  to  be  congratulated 
for  ofticially  adopting  this  method  in  1912.  The  writer  wishes  to 
suggest  also  the  presentation  of  bronze  medals  to  the  men  who 
resuscitate  comrades  from  electric  shock.  Such  a  medal  could  be 
worn  on  a  watch  fob,  or  otherwise.  It  would  be  inexpensive  to  the 
Association,  the  intrinsic  value  of  the  badge  being  insignificant  in 
comparison  with  the  appreciation  of  every  recipient  of  such  a  gift. 
It  would  be  a  badge  of  honorable  distinction,  and  the  distribution 
of  such  awards  would  doubtless  contribute  more  to  the  propaganda 
of  right  methods  of  artificial  respiration  than  it  is  possible  for  those 
of  us  to  attain,  who  use  our  pens,  our  voices  and  our  arms,  in  de- 
scribing and  in  demonstrating  the  prone  pressure  method. 

Investigations  would  be  instituted  to  see  that  claims  are  bona 
fide  in  each  case.  Hence,  such  a  custom,  if  introduced,  would  form 
a  basis  for  collecting  data  on  these  cases.  Cases  of  neglect  and 
failure  could  be  recorded,  and  successes  achieved  under  every 
method  of  artificial  respiration  would  go  on  record,  and  the  results 
could  be  tabulated.  By  such  compilation  of  the  universal  progress 
of  world  events  in  this  field,  successful  experience  will  stimulate 
others  to  like  achievements. 

The  general  welfare  requires  that  we  establish  such  a  clearing 
house,  possibly  under  the  joint  auspices  of  all  the  electrical  societies. 
None  of  us  know  enough  about  right  methods  of  artificial  respira- 
tion ;  the  best  experience  should  be  universalized.  The  National 
Electric  Light  Association  has  taken  a  laudable  initiative  in  this 
educational  movement.  An  advance  step  would  be  the  accumula- 
tion of  records  of  cases  of  success  and  failure  with  detailed  infor- 
mation on  each  case,  along  with  some  arrangement  for  ,the  be- 
stowal of  suitable  medals  on  the  heroes  in  the  electrical  service. 
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S.   TROOD 

This  article  is  based  on  a  talk  delivered  before  the  Progress 
Club  of  Pittsburgh.  The  author  was  born  and  educated  in  Rus- 
sia, but  for  a  number  of  years  has  lived  in  the  United  States, 
and   is  a  consulting  inventor  of  wide  experience. — (Ed.) 

A^FAX  with  an  inventive  frame  of  mind  who  visits  a  large 
mannfacturing  concern  for  the  first  time  is  likely  to  come 
to  the  conclusion  that  a  considerable  saving  of  money 
could  be  accomplished  almost  everywhere,  and  that  the  manage- 
ment must  either  be  blind  or  else  unable  to  direct  or  instruct.  These 
conclusions,  however,  are  not  usually  warranted.  An  increase 
in  the  efficiencv  (  f  the  workmen  does  not  alwavs  mean  increased 
profits,  nor  do  improvements  in  working  conditions  or  in  machinery 
necessarily  mean  increased  efficiency.  In  many  cases  such  im- 
provements, when  reduced  to  practice,  do  not  accomplish  the  ex- 
pected results.  Sometimes  the  desired  results  are  secured,  but  they 
are  so  dearly  paid  for  that  they  are  hardly  justified.  The  state- 
ment "paid  for"  means  not  only  in  money,  but  also  in  the  chances 
a  large  concern  takes  when  undertaking  changes  in  a  gradually  de- 
veloped industry  that  the  confidence  of  its  employes  will  be  lost, 
shop  routine  will  be  upset,  or  that  a  loss  of  prestige  may  be  in- 
curred. 

Continual  improvement,  betterment  and  increased  efficiency 
are  necessary  for  the  growth  of  any  manufacturing  concern.  lUit 
before  any  improvement  is  introduced  it  should  be  carefully 
analyzed.  An  investigation  should  be  made  to  find  out  whether  thj 
scheme  was  ever  introduced  or  undertaken  in  the  past,  and  if  so 
with  what  result,  if  n.)  record  is  found  a  conservative  attitude 
should  be  taken  and  a  study  made  to  estimate  what  that  improve- 
ment will  mean,  both  directly  and  indirectly.  Will  the  changes  re- 
quired bv  the  imjirovcment  directly  effect  only  the  immediate  sur- 
roundings, or  will  they  indirectly  etTect  a  considerable  part  of  the 
plant?  L'pon  studying  the  situation,  it  is  frequently  found  that 
the  actual  problem  to  be  solved  is  not  that  which  has  presented 
itself,  but  that,  upon  taking  into  cnnsidcration  all  the  conditions,  an 
entirely  different  problem  must  be  taken  up  and  investigated.  Thus 
a  demand  for  higher  temperatures  may,  instead  t)f  requiring  the 
addition  of  more  heat,  resolve  itself  merely  into  a  better  utilizatior^ 
of  the  heat  which  is  already  being  supplied. 

Why  is  it  then  that  the  man  with  the  inventive  frame  of  mind 
sees  all  those  opportunities  for  ajjparent  improvement,  which  Xo 
him  are  so  obvious?     He  is  influenced  only  by  liis  logical  imagina- 
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tion.  That  it  is  or.ly  logical  imagination  and  does  not  include  a  com- 
plete analysis,  follows  from  the  fact  that  not  all  suggestions  bring 
expected  results.  Having  introduced  the  term  "logical  imagina- 
tion," it  will  be  well  to  explain  what  is  meant  by  this  term.  Every- 
one is  subject,  in  a  greater  or  less  degree,  to  imagination,  but  only 
when  the  imagination  is  held  within  the  bounds  of  reason  may  it 
be  called  logical.  Imagination,  however,  even  logical  imagination, 
has  no  place  in  the  field  of  improvement,  betterment  or  efficiency 
unless  it  is  limited  by  practical  common  sense.  And  only  those 
suggestions  of  improvements,  betterment  projects  and  attempts  at 
efficiency,  which  are  the  product  of  the  thought  of  the  man  who 
employes  common  sense  are  commonly  successful.  A  few  examples 
taken  at  random  from  the  writer's  past  experiences  are  more  fully 
illustrative  of  this  point. 

As  a  young  engineer,  entering  a  postgraduate  course  in  tech- 
nology, I  was  given  a  certain  list  of  questions.  One  of  these  was, 
"What  should  be  done  with  a  broken  thermometer?"  At  first  I 
was  surprised  and  was  considering  the  connection  of  the  laws  of 
Boyle  and  Charles  and  Marriott  to  this  problem,  when  the  sugges- 
tion came  all  at  once,  "What  is  the  use  of  it  all."  Why  consider  the 
repair  of  an  article  that  had  such  a  relatively  small  first  cost  that  a 
new  one  could  be  purchased  for  less  than  it  would  take  to  repair  it." 
The  solution  of  this  problem  required  no  knowledge  of  higher 
mathematics  or  physics,  but  simply  the  use  of  a  little  common 
sense  My  answer  was,  "Throw  it  out  the  window,"  and  it  was  par- 
tially due  to  this  particular  answer  that  I  was  admitted  to  the  uni- 
versity, although  some  of  the  board  of  examiners  were  shocked. 

After  graduation  I  was  of  such  importance  in  my  own  mind 
that  I  thought  I  carried  the  world  on  my  shoulders.  I  was  filled 
with  the  importance  of  my  knowledge,  and  it  was  not  until  I  came 
in  contact  with  practical  men  and  practical  work  that  I  found  of 
what  actual  importance  my  knowledge  was. 

When  doing  some  surveying  on  an  excavation  at  this  time,  I 
was  very  careful  that  all  readings  should  be  very  accurate  even  to  a 
small  ffaction  of  an  inch,  and  was  considerably  taken  back  when  a 
common  instrument  carrier,  who  had  no  education  but  had  been  at 
this  work  for  several  years,  told  me  that  I  was  allowing  the  con- 
tractor too  much.  Soon  after  it  was  found  that  I  was  making  the 
mistake  of  taking  too  many  high  points  and  thus  giving  too  large 
an  average.  It  was  after  this  that  I  felt  as  if  a  great  burden  had 
fallen  off  my  shoulders  and  I  was  relieved  from  the  weight  of  my 
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enginccriiijj  importance.  For  many  years  after  that  I  remembered 
that  lesson  and  Jim.  the  instrument  carrier. 

Some  time  after  that,  having  had  considerable  practical  ex- 
perience. I  invented  a  new  method  of  propelling  shii)s,  and  was 
under  the  impression  at  that  time  that  it  would  revolutionize  naviga- 
tion. I  spent  considerable  time  in  study  and  development  of  the 
idea,  keeping  everything  a  secret.  I  not  only  could  not  trust  my 
friends  with  the  secret,  but  could  not  select  a  patent  attorney  to  be 
trusted.  After  long  deliberation,  I  went  to  Hamburg  to  one  of  the 
largest  ship  building  concerns  ( I  am  ashamed  even  today  of  the  big 
fuss  1  made  before  I  disclosed  my  secret  to  them).  ( )ne  of  the 
heads  of  the  firm,  who  had  a  fine  military  bearing,  called  for 
Fisher's  English  patents,  and  in  that  I  was  shown  a  duplicate  of  my 
idea  to  the  smallest  details.  I  was  shocked,  not  because  I  lost,  but 
because  I  was  quite  severely  reprimanded  by  this  man  who  said : 
"Young  man.  you  may  be  a  great  invent(^r ;  you  may  be  greater  than 
I'^isher;  but  if  you  had  spent  an  insignificant  sum  to  consult  a 
patent  lawyer,  you  would  have  known  then  all  you  know  now,  and 
would  not  have  bothered  us  with  all  of  your  correspondence  to 
secure  this  appointment."  Although  it  was  a  disai)pointment,  yet 
it  was  a  great  lesson  in  common  sense  and  from  that  time  1  never 
introduced  an  invention  or  idea  without  first  consulting  a  gooci 
patent  attorney  or  making  a  thorough  search. 

Several  years  later,  when  in  charge  of  a  small  section  of  rail- 
road in  South  Russia,  1  received  telegrai)hic  orders  from  my  im- 
mediate superior,  on  one  occasion,  to  see  that  there  was  ample 
clearance  of  a  certain  amount  at  all  bridges  to  pass  a  special  train 
for  the  Czar.  1  was  also  to  report  the  cost  of  the  temporary 
changes,  if  any.  In  looking  over  the  section,  we  found  that  five 
of  the  road  bridges  would  have  to  be  raised  >ix  inches.  I'nlike 
those  in  .\merica.  these  roads  were  great  single  thoroughfares  for 
caravans,  and  at  this  time  they  were  crowded  by  the  movement  of 
grain  to  luarket.  It  was  also  the  time  for  a  large  country  fair,  and 
the  roads  were  in  constant  use.  To  raise  the  bridges  temporarily 
for  about  a  week,  would  have  caused  much  hard>hip  and  incon- 
venience. At  first  it  seemed  there  was  no  alternative,  but  tt»  pro- 
ceed with  the  orders,  and  the  work  was  about  t<»  begin,  when  I 
thought  that  it  nuist  be  some  small  part  of  the  Czar's  train  which 
rccjuired  this  extra  clearance,  and  perhaps  this  might  be  altered. 
In  order  to  save  time.  1  went  over  my  superior  and  telegraphed  the 
chief  in  charge,  asking  if  this  were  not   true,  and   received  word 
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direct  from  him  to  stop  all  alterations  at  once.  A  later  telegram 
explained  that  it  was  the  high  coat  of  arms  on  the  new  imperial 
car  which  caused  the  extra  clearance,  and  alterations  would  be 
made  in  this,  rather  than  in  the  bridges,  to  provide  the  necessary 
clearance.  This  use  of  a  little  common  sense  not  only  cost  the 
position  of  the  man  who  reported  the  necessary  clearance  without 
explanation,  but  also  cost  me  mine.  I  had  the  satisfaction,  how- 
ever, of  knowing  that  the  bridges  were  not  raised. 

At  another  time  a  city  was  supplied  with  water  from  a  pump- 
ing station  surrounded  by  low  marshy  land,  which  in  the  spring 
was  covered  by  the  river.  At  this  time  the  water  main  to  the  city 
was  broken  accidentally  by  the  anchor  of  a  passing  barge.  The 
problem  was  to  locate  and  fix  the  break.  The  location  was  hard 
to  determine,  since  the  water  was  seven  feet  deep  and  the  length  of 
main  under  water  was  several  hundred  yards.  After  desperate 
efforts  by  the  water  engineers  to  locate  the  break,  the  suggestion 
was  made  to  pump  air  through  the  mains  from  both  ends,  and  from 
bubbles  rising  to  the  surface,  the  extent  and  location  of  the  break 
could  be  determined.  After  locating  the  trouble  by  this  method, 
four  old  barges  were  sunk  around  the  spot  and  by  means  of  sacks 
of  straw  and  dirt,  the  water  was  kept  back  and  the  pool  drained. 
It  was  then  a  very  simple  matter  to  repair  the  main. 

Many  more  examples  of  a  similar  character  of  experience 
abroad  in  the  application  of  common  sense  to  everyday  engineering 
could  be  given,  but  we  will  pass  over  a  considerable  period  and  give 
some  examples  from  my  work  in  this  country. 

I  was  over  thirty  years  of  age  when  I  reached  New  York,  and 
immediately  on  landing  began  looking  for  an  occupation,  where 
my  knowledge  and  experience  would  be  advantageous.  I  was  so 
very  much  handicapped  by  not  speaking  English  that  almost  the 
only  thing  left  was  hard  manual  labor.  Before  I  resorted  to  this, 
however,  I  had  my  first  experience  with  American  common  sense. 
Having  a  knowledge  of  the  elements  of  chemistry  and  being  an 
amateur  photographer,  I  tried  to  sell  a  new  method  of  photo- 
engraving to  an  American  lithograph  company.  When  I  met  one 
of  their  managers  he  said,  'T  will  show  you  how  we  are  doing  that 
work,  and  if  your  method  is  superior  to  ours,  we  will  talk  business." 
I  was  very  much  surprised,  for  their  product  was  practically  as 
good  as  mine.  By  using  another  chemical,  I  was  able  to  get  a  little 
better  results,  and  since  that  was  such  a  small  part  of  the  operation, 
I  disclosed  it  to  him.     In  leaving,  I  asked  him  why  he  would  trust 
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me,  a  perfect  stranger,  with  such  important  information.  He  said, 
"Our  protection  is  our  thirteen-story  factory  and  our  two  milHon 
dollar  working  capital  and  our  unlimited  credit."  This  was  a  new 
kind  of  common  sense  to  me,  and  so  different  from  anything  that 
I  knew  hcfore,  that  I  resorted  to  common  labor  until  I  should  be- 
come better  acquainted  with  American  methods.  For  several  years 
I  was  a  lalwrer  working  from  the  bottom  up,  and  during  this  period 
I  found  that  common  sense  was  the  only  substitute  for  skill,  knack 
or  training. 

When  I  had  learned  to  speak  English,  and  liad  become  a  fore- 
man for  a  large  electric  concern,  I  was  sent  to  a  job  that  was  already 
under  way  l)Ut  was  giving  much  trouble.  No  one  was  satisfied. 
For  two  days  1  studied  conditions  and  noticed  that  the  trouble  was 
of  a  psychological  character.  The  foreman  preceding  had  had  no 
end  of  trouble.  ^len  who  were  adapted  for  scaffold  work,  were 
doing  fitting,  and  strong  men  trained  for  pipe  roughing  were  doing 
moulding  work,  and  vice  versa.  I  gradually  rearranged  the  men  to 
give  them  work  to  which  they  were  accustomed.  The  trouble  left 
as  if  by  magic  and  time,  money  and  material  were  saved.  For  this 
work  I  was  promoted  by  the  concern,  and  at  the  same  time  I  was 
called  to  answer  to  charges  by  the  union.  The  charges  were  that 
the  job  was  finished  in  too  short  a  time.  The  charges  were  dis- 
missed when  it  was  proved  to  them,  by  the  workmen  themselves, 
that  none  of  them  worked  any  harder  than  customary  and  even 
easier  than  under  the  previous  foreman.  It  was  further  proved 
that  by  removing  all  elements  of  uncertainty  in  the  work,  and  al- 
ways having  suitable  material  on  hand,  the  work  was  finished  much 
quicker  and  yet  without  overworking  the  men. 

This  example  illustrates  how  common  sense  in  the  direction 
and  supervision  of  men  will  accomplish  remarkable  results.  This 
kind  of  common  sense  applies  especially  where  the  price  of  labor  is 
an  important  factor  in  the  total  cost.  It  is  hoped  that  the  preceding 
observations,  while  taken  from  the  author's  personal  experience, 
will  be  of  value  to  others  by  causing  them  to  take  into  account  con- 
ditions which,  while  not  necessarily  obvious,  may  have  an  important 
bearing  on  the  general  result. 
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ALTERNATING-CURRENT  GENERATORS  AND 
SYNCHRONOUS  MOTORS   (Cont.) 

EFFICIENCY    BY    LOSSES 

THE  DETERMINATION  of  efficiency  by  actual  load  test  to 
find  the  relation  between  out-put  and  in-put  is  not  prac- 
ticable on  machines  of  any  size,  so  that  the  method  of  ef- 
ficiency by  losses  is  usually  employed.  This  method  is  based  on  the 
results  of  the  tests  already  described  and  is  determined  as  follows 
at  no-load  and  each  quarter-load  up  to  25  percent  over-load : — 

Let  E  =:  Normal  terminal  volts. 
/  =z  Amperes  per  phase. 
i  =^  Field  amperes  at  load  /. 
R  =  Resistance  per  phase  as  measured  across  terminals  hot  or  at 

60  degrees  C. 
r  =  Field  resistance  hot  or  at  60  degrees  C. 
Then  ( i  )  ::=  Total  ohmic  drop  in  the  armature,  c. 

(2)  =:  Total  induced  volts,  E  +  e  for  generators,  E — c  for  motors. 

(3)  =  Core  loss  at  the  total  induced  voltage   (2)  obtained  from  the 

core-loss  curve. 

(4)  ^  Field  copper  loss  iV. 

(5)  -=  Armature  copper  loss. 

(6)  ^  Friction  and  windage  of  machine,    (if  included).* 

Total  losses  =  (3)  +  (4)  +  (5)  +  (6). 
Output  =  £  X  /  (total )  X  power-factor. 
Input  =  Output  +  total  losses. 
Efficiency  =^  Output  -^  Input. 

The  input  and  output  of  synchronous  motors  are  always  given 
in  terms  of  horse-power.  The  values  of  /  to  be  used  in  the  forego- 
ing equation  may  be  determined  from  Table  I.  A  complete  cal- 
culation for  the  determination  of  efficiency  by  the  above  method  is 
given  in  Table  II. 

TEMPERATURE  TESTS 

With  normal  load  or  its  equivalent  applied  to  the  machine,  the 
temperature  test  must  be  continued  until  all  parts  have  reached  a 
constant  temperature  unless  the  machine  has  an  intermittent  rating. 
The  run  should  be  continued  for  at  least  one  hour  after  the  field 
voltage  and  the  temperature  shown  by  thermometers  have  become 
constant.f  The  time  required  for  a  total  run  will  vary  from  si.x  to 
twelve  hours,  according  to  the  type  of  machine. 

*Tn  synchronous  machines  built  without  shaft  or  bearings,  friction  and 
windage  is  not  included  in  the  calculation  of  efficiency,  being  charged  to  the 
engine  or  other  prime  mover  of  which  it  is  considered  to  be  a  part. 

tFor  instructions  for  placing  thermometers  in  the  temperature  test, 
see  the  Journal  for  January,  1913,  page  68. 
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Over-load  temperature  tests  must  be  started  with  the  machine 
at  the  normal  load  temperature  unless  the  guarantees  specify  other- 
wise. The  machine  is  run  on  the  normal  load  until  the  temperatures 
and  field  voltage  are  constant.  Then,  without  shutting  down,  the 
load  is  increased  to  the  required  amount  as  quickly  as  possible.  Care 
must  be  taken  that  the  over-load  tests  are  run  for  the  exact  length 

TABU':    I— DEFIXITIOX    OF   TKRMS    FOR    DIFFRRKXT 
NUMBERS  OF  PHASES 


Phases    and    Connections 

Ohmic 
Drop  (e) 

Armature 
Copper  Lqss 

Total  Arma- 
ture Current 

Sinele-ohase    

IR 

PR 

I 

2-phase     

IR 
0.866  I R 

2rR 

1.5  I'R 

2I 

173  I            1 

3-phase,  star  or  delta 

6-phase,  closed  winding,  di- 

1      ametrical  connection   

1.333  IR 

4  PR 

3I 

6-phase,   open    wimiing,   di- 

1 

ametrical  connection    .  . . . 

IR 

3  PR 

3I 

6-phase,    closed    winding. 

1      double    delta    connection. 

1.333  I R 

4.5  I=R 

3.465  I 

■  5-phase,      open      winding. 

double    delta    connection. 

0.866  I R 

3l=R 

3.465  I 

of  time  specified,  since  a  difference  of  even  a  few  minutes  in  the 
running  time  may  make  a  difference  of  several  degrees  in  the  final 
temperature.  Readings  are  taken  of  terminal  volts,  terminal  am- 
peres and  watts  in  each  phase  and  field  volts,  field  amperes,  speed 

TABLE   II— EFFICIENCY   BY   LOSSES 

Load    percent     o 

Line  amp.   per  terminal.        o 

Field   am)) 77 

Terminal    volts    6300 

Armature    coi)per    drop.        o 

Total   induced  volts 6300 

Core   lo.ss    39.4 

Field  copfitr   loss 4.68 

.'\rmature    co|)per    loss..        o 

Friction   and    windage..  30.25 

Total  losses    7433 

K.v.a.  output    o 

j  Real  kw.  output o 

I  Real  kw.  input 74. .^3 

I  Efficiency     o 

and  temperatures.  A  complete  set  of  reading>  is  ilien  taken  every 
hour  during  a  continuous  run.  and  every  half-hour  on  the  over-load 
or  other  temperature  tests  of  less  than  two  hours  duration.  The 
load  and  voltage  must  be  held  at  the  recjuircd  values  during  the 
entire  temperature  test. 

After   the  machine   has   been   running  the   required   length   of 
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time,  the  power-supply  circuit  should  be  opened  and  the  field  excita- 
tion of  the  machine  under  test  reduced  to  one-half  of  the  test  value, 
until  the  machine  comes  to  rest,  when  the  field  circuit  must  be  im- 
mediately opened.  High  speed  machines  with  heavy  revolving  parts 
should  be  stopped  as  quickly  as  possible ;  this  can  be  done  by  using 
the  belted  driving  motor  as  a  generator  with  separately  excited  field, 
and  loading  it  on  resistance  racks.  The  method  of  shutting  down 
and  the  time  required  should  be  recorded. 

When  the  machine  has  come  to  rest  additional  thermometers 
must  be  placed  on  the  different  parts  and  packed  with  warm  waste 
so  as  to  determine  the  highest  temperatures  of  the  armature  iron, 
armature  winding,  field  winding,  pole  tips,  dampers,  bearings  (if 
parts  of  the  machine),  and  collector  rings.  Additional  thermom- 
eters should  be  placed  on  or  in  any  other  part  of  the  machine  which 
may  appear  to  be  hot. 

Hot  resistances  are  taken  on  the  armature  winding  and  the  field 
winding.  The  hot  field  resistance  is  that  obtained  from  the  last  read- 
mg  of  field  amperes  and  volts  taken  during  the  temperature  tests. 

METHODS    OF    LOADING 

Methods  of  loading  alternating-current  generators  and  syn- 
chronous motors  may  be  divided  into  two  classes,  namely,  with  the 
machine  running  under  actual  power  load  of  the  desired  charac- 
teristics, and  with  the  machine  running  under  a  compromise  load 
approximating  the  actual  load  conditions. 

Actual  Load  Method — The  machine  is  belted  or  coupled  to  a 
direct-current  generator  capable  of  carrying  50  percent  over-load  on 
the  tested  machine,  care  being  taken  before  connecting  that  the 
normal  speed  on  the  latter  does  not  cause  the  driving  motor  to  ex- 
ceed its  normal  speed  more  than  15  percent.  The  connections  are 
as  indicated  in  Fig.  2 ;  after  they  have  been  carefully  checked 
the  machines  are  started,  bringing  the  tested  machine  to  the  desired 
speed.  The  generator  field  circuit  is  then  closed  and  the  excitation 
gradually  increased  until  normal  voltage  is  obtained  without  load. 
The  field  circuit  is  then  opened,  a  small  resistance  load  is  applied 
to  each  phase  and  after  closing  the  field  circuit  the  voltage 
is  again  gradually  brought  up  to  normal.  This  procedure 
serves  as  a  check  on  the  connections  and  gives  an  op- 
portunity for  a  preliminary  mechanical  inspection  of  the  rotating 
parts  and  bearings.  The  load  is  then  adjusted  to  the  desired  value 
on  each  phase,  care  being  taken  that  the  current  in  each  phase  is 
within  one  percent  of  the  average  current  of  all  phases.    In  place  of 
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a  resistance  load  it  is  frequently  preferable  to  load  tlic  generator 
with  an  induction  nicjtor,  or,  if  the  power-factor  must  be  kejjt  at  a 
certain  value,  with  a  synchronous  motor  which  is  carrying  either  a 
uniform  mechanical  h^ad  or  driving  a  loaded  direct-current  gen- 
erator. This  method  gives  a  balanced  load  on  each  phase  and  ad- 
mits of  any  desired  adjustment  of  power-factor  values,  both  of 
which  are  difticult  of  obtainment  with  a  resistance  load. 

In  place  of  artificially  loading  the  machine,  it  is  sometimes 
possible  to  connect  it  in  i)arallel  with  another  generator  or  with 
bus-bars   which   are   carrying  an   actual   commercial   load.      If   the 


Hi,,      I       TIMluKAKV     C(».\>  TKll  TION     AllOlT     A     I    M'l      \  I  K- 
TIC.\L    SYNCHRONOUS   GKNKR.VTOk 

.MiuwiiiK  method  of  sottiii.c:  tip  for  test. 

load  thus  secured  is  sulliciently  well  balanced  and  n(^t  too  fluctuat- 
ing, this  avoids  wasting  power.  Any  desired  power-factor  or  load 
on  the  machine  may  be  obtained  by  suitably  adjusting  the  fiebN. 

Loadiiuj  Back  Method — .Actual  loading  of  machines  of  consid- 
erable size  for  test  j)urposes  is  usually  impracticable  on  account  of 
the  large  amounts  of  power  re(|uired  and  the  cost  of  such  a  pro- 
cedure. The  loading  back  meth<id,  however,  secures  an  actual  load 
upon  the  machines,  yet  draws  from  tlie  source  of  energy  only  suf- 
ficient power  to  supply  the  losses  of  the  machines  involved.  For 
this    method    two    alll'rnating-current    generators    or    synchronous 
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motors  of  approximately  similar  characteristics  are  required,  which 
must  be  so  connected  that  the  generator  drives  the  motor  electric- 
ally, while  the  motor  drives  the  generator  mechanically,  the  power 
used  for  supplying  the  losses  of  both  machines  being  taken  from 
the  line  by  the  motor. 

The  mechanical  connection  may  be  made  by  coupling  or  by 
belt,  or  any  suitable  method  whereby  the  machines  may  be  operated 
in  synchronism.  For  test  purposes  it  is  most  convenient  to  couple 
or  belt  each  alternating-current  machine  to  a  direct-current  machine 
so  that  the  alternator  under  test  is  driven  by  a  direct-current  motor. 
This  alternator  then  furnishes  power  to  operate  the  second 
synchronous  machine  as  a  motor,  which  in  turn  drives  the  second 

direct-current  machine 
mechanically  as  a  gen- 
erator. The  latter  is 
paralleled  with  the 
direct-current  line,  thus 
returning  most  of  the 
power  which  would 
otherwise  be  taken  from 
the  direct  -  current 
source.  As  a  result  of 
such  a  closed  cycle  of 
operation,  all  four  ma- 
chines are  operated  un- 
der actual  load  conditions,  with  a  minimum  power  consumption, 
the  direct-current  motor  taking  from  the  line  only  sufficient 
power  to  supply  the  losses  of  all  four  machines.  The  same 
result  may  be  obtained  by  introducing  power  at  the  alternat- 
ing-current motor.  The  connections  for  supplying  the  power  to 
the  synchronous  motor  of  a  motor-generator  set  are  the  same  as 
those  described  for  testing  a  direct-current  generator*  under  similar 
conditions.  The  connections  for  supplying  the  power  to  the  direct- 
current  motor  with  the  machines  belted  together  are  given  in  Fig.  3. 
The  sets  are  started  up  from  either  the  alternating  or  direct- 
current  ends,  as  is  most  convenient,  and  synchronized ;  or  one  of 
the  sets  may  be  started  up  first,  and  the  other  set  then  started 
from  the  alternating-current  side,  using  power  from  the  first  set ; 
in     this     way     synchronizing     is     avoided.      With     the     connec- 
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FIG.   2^METH0D   OF   APPLYING   AN   ACTUAL    POWER 
LOAD   TO   A    SYNCHRONOUS    MACHINE 


*See  the  Journal  for  June,   1913,  Fig.   8,  p.  609. 
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tions  as  in  Fig.  .^,  the  direct-current  generator  l^eing 
driven  without  load,  tlic  field  of  the  direct-current  motor 
is  adjusted  to  give  the  correct  alternator  s])eed.  Then, 
with  normal  alternating  voltage,  the  synchronous  motor  field 
is  adjusted  for  minimum  armature  current.  The  direct-current  gen- 
erator is  then  iJaralleled  with  the  line  which  is  supplying  power  to 
the  direct-current  motor,  and  its  licld  current  is  increased  sut'ticientlv 
to  cause  it  to  rake  a  load,  thus  increasing  the  load  on  all  the  other 
machines.  If  hut  one  machine  is  under  test,  the  load  should  he  in- 
creased until  this  machine  is  carrying  its  rated  kilovolt-amperes  ;  if 
a  motor-generator  set  is  heing  tested  as  a  unit,  the  load  on  the 
direct-current  generator  of  the  set  should  he  held  correct.  This 
will  re(|uire  adjustment  of  the  fields  of  hoth  direct-current  machines 
to  maintain  the  load  ami  the  speed  correct.    After  the  re()uired  load 
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FU;.    3 — CONNF.CTION    I'SKI)    IN    THK    I,<).\I)I.\G    Il.VCK    METHOD    FOR 
AI-TF.RN.\TORS    USING    UIRKCT-CURR&NT    M.\CHINES 

has  heen  ohtained,  the  fields  of  the  alternators  are  adjusted  to  give 
the  specified  i)ower-factor. 


COMPROMISE    LO.M)S 

Where  an  actual  load  is  impossihle,  some  method  of  loading 
must  he  ohtained  which  will  ap])roximate  the  actual  load  conditions 
as  closely  as  possihle.  while  at  the  same  time  recjuiring  only  sufiicient 
j)ower  from  an  outside  circuit  to  sui)ply  the  losses  in  the  machine  or 
machines  used  in  the  test.  As  these  methods  usually  ih^  not  give 
exactly  the  same  conditions  of  heating  as  does  normal  load  on  the 
machine,  it  is  essential  to  know  the  kind  of  deviation  from  normal 
conditions  and  its  appro.ximate  amount,  in  order  to  judge  if  the 
method  he  sufficiently  accurate  for  the  |>urpose  at  hand,  and  to 
make  approximate  corrections,  if  desired. 
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Zero  Pozver-Factor  Method  at  Normal  Voltage — Because  of  its 
ease  of  application  and  accurate  approximation  to  the  true  operating 
conditions,  this  method  has  been  widely  adopted  for  loading  alter- 
nating-current generators  and  synchronous  motors  for  temperature 
determinations.  It  has  been  proven  experimentally  and  mathe- 
matically that  on  account  of  the  increased  iron  losses  at  low  power- 
factors,  the  heating  effect  at  no  percent  normal  armature  current, 
normal  voltage  and  approximately  zero  power-factor  is  about 
equivalent  to  that  obtained  with  125  percent  normal  armature  cur- 
rent at  70  percent  power-factor,  135  percent  normal  armature  cur- 
rent at  80  percent  power-factor,  or  150  percent  normal  armature 
current  at  90  percent  power-factor,  which  cover  the  maximum  guar- 
anteed conditions  of  operation  for  nearly  all  belted,  coupled  and 
engine  type  units.  The  slight  error  obtaind  is  on  the  safe  side ;  i.  e., 
the  temperatures  secured  by  this  method  of  loading  will  be  slightly 
higher  than  those  secured  under  the  specified  actual  load. 

When  single  machines  are  to  be  tested,  they  are  run  as  syn- 
chronous motors  from  a  power  supply  of  similar  characteristics,  the 
field  windings  being  over-excited  so  that  the  required  load  current 
will  flow  in  the  armature  winding.  This  load  may  be  secured  with 
either  under-excited  or  over-excited  field,  and  care  must  be  taken 
that  the  over-excited  value  is  obtained,  as  the  corrections  are  based 
on  this  condition  of  operation.  When  two  similar  machines  are 
available,  it  is  more  convenient  to  run  one  from  the  other,  a  small 
motor  belted  to  one  of  them  supplying  the  losses  of  both,  thus  avoid- 
ing drawing  a  heavy,  low  power-factor  current  from  the  generating 
station.  In  this  case,  the  field  of  the  machine  under  test  must  be 
over-excited  and  that  of  the  other,  under-excited  to  obtain  the  de- 
sired condition  of  operation.  The  machines  are  connected  for  this 
test  as  shown  in  Fig.  6,  except  that  there  are  no  mechanical 
connections  between  the  two,  the  driving  motor  being  belted 
to  the  one  on  test  only.  Before  beginning  the  test,  a  careful  check 
should  be  made  on  all  connections  and  the  machines  then  started  by 
the  most  convenient  method,  adjusted  to  the  proper  speed  and  syn- 
chronized. The  field  current  of  the  test  machine  is  adjusted  to  such 
a  value  as  will  give  the  desired  armature  current  with  normal  voltage 
on  the  line  and  readings  of  speed,  field  current,  volts  and  amperes  on 
each  phase  are  taken.  A  power-factor  of  zero  is,  of  course,  not 
actually  obtained,  as  the  power-factor  must  be  high  enough  to  pro- 
vide for  the  losses  in  both  machines,  but  will  ordinarily  vary  from 
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five  to  twelve  percent,  and  in  no  case  should  it  exceed  20  percent 
with  machines  having  normal  losses. 

An  Open  Circuit  Test  is  sometimes  made  to  obtain  a  measure 
of  the  temperature  of  the  field  coils  and  armature  iron  with  the 
machine  running  at  its  rated  speed  and  with  the  field  so  excited  that 
it  would  give  normal  voltage  if  the  machine  were  actually  running 
imder  its  specified  load.  The  temperature  will  be  ap])roximately 
correct  on  the  field  coils  only,  since  this  is  the  only  ])art  which  is 
rumiing  under  normal  conditions.  The  core  loss  in  the  armature 
will  be  considerai)ly  higher  than  that  obtained  under  actual  load  con- 
ditions due  to  the  higher  terminal  voltage.  The  heating  of  the 
armature  iron  is  caused  almost  eiilircly  by  the  core  loss,  since  there 
is  no  copper  loss  in  the  armature  to  influence  the  temperature;  these 
temperatures  may  at  times  be  approximately  correct  since  the  in- 
creased core  loss  will  compensate  for  the  absence  of  the  copper  loss. 
The  machines  are  connected  as  in  the  core-loss  and  saturation  tests, 
care  being  taken  to  insulate  the  terminals  thoroughly,  as  full  voltage 
is  impressed  upon  them. 

SJiort-Circnit  Tests  are  sometimes  made  to  obtain  a  meas- 
ure of  the  temperature  of  the  armature  copper,  usually  at 
IJ5  i)ercent  normal  full-load  armature  current.  Although  the 
resulting  temperatures  are  not  as  high  as  they  would  be  with  the 
core  loss  of  the  arniatnre  added,  a  fair  ajjproximation  to  the  final 
temperature  of  the  armature  conductors  is  obtained  if  the  short- 
circuit  is  maintained  until  the  temperatures  become  constant.  The 
temperature  gradients  over  the  insulation  are,  of  course,  somewhat 
higher  than  they  would  be  if  the  core  were  heated  to  its  normal 
value. 

Open  Circuit  and  Short-Circnit  Tests  .llternately  for  short  in- 
tervals each,  at  over-potential  and  over-load  respectively,  are  some- 
times used  as  an  approximation  of  normal  load  conditions.  If  the 
over-load  and  over-i)otential  are  made  such  that  the  increase  in  the 
copper  loss  e(|uals  the  normal  core  loss  and  the  increase  in  core  loss 
equals  the  normal  copper  loss,  the  total  amount  of  heat  liberated  in 
the  machine  will  be  the  same  as  under  normal  operating  conditions. 
And  if  the  time  intervals  (\uring  which  each  tyi)e  of  loss  is  applied 
are  made  proportional  to  the  normal  losses,  the  average  distribution 
of  heat  will  approximate  normal.  Since,  however,  in  practice  it  is 
dilticult  to  change  the  loads,  with  any  degree  of  accuracy,  at  inter- 
vals of  less  than  about  ten  minutes,  during  which  time  some  parts 


I290  THE  ELECTRIC  JOURNAL 

of  the  machine  will  become  hotter  and  other  parts  cooler  than  nor- 
mal, the  distribution  of  temperature  will  vary  at  different  times,  and 
it  is  difficult  to  determine  the  values  which  correspond  to  normal 
operation.  Hence,  this  method  is  not  ordinarily  considered  as  satis- 
factory as  the  zero  power-factor  method. 

Circulating  Direct  Current  in  the  Armature — For  this  test  the 
machine  is  run  at  full  speed  with  the  armature  windings  so  con- 
nected with  all  the  armature  conductors  in  series  or  series-parallel 
that  no  voltage  is  developed  across  the  open  ends.     The  most  con- 
venient method  of  obtaining  this  result  on  a  three-phase  winding, 
either  series  or  parallel,  star  connected,  is  to  change  to  a  delta  con- 
nection.    To  do  this,  the  star  or  neutral  point  must  be  opened  and 
temporary  leads  attached  so  that  both  ends  of  each  phase  are  avail- 
able.   It  is  not  necessary  to  open  the  various  parallels  unless  the  cir- 
culating current  required  is  greater  than  is  available  from  the  direct- 
current  supply,  in  which  case  the  parallels  of  each  phase  should  be 
connected  in  series,  with  the  voltages  adding.     When  the  correct 
windings  are  propeily  connected  together  in  series  the  voltage  of 
each  phase  will  be  the  vectorial  sum  of  the  voltages  of  all  the  coils 
in  one  phase.    To  join  the  various  phases  in  delta,  after  the  parallels 
have  been  properly  connected,  leads  from  one  side  of  each  of  two 
phases  are  connected  together  and  the  voltage  between  the  open  ends 
is  read ;  this  should  be  equal  to  the  voltage  of  one  phase.    If  it  is  1.73 
times  the  voltage  of  a  single  phase,  one  phase  must  be  reversed. 
One  side  of  the  third  phase  is  then  connected  to  one  of  the  open 
ends  of  the  V,  and  the  voltage  checked ;  if  it  is  zero,  the  connections 
are  properly  made.    If  it  is  double  that  of  one  phase,  the  phase  last 
connected  should  be  reversed.   The  voltage  across  the  two  remaining 
open  ends  of  the  delta  may  sometimes  show  a  comparatively  high 
voltage,  but  if  the  other  connections  have  been  properly  made  this 
will  usually  be  caused  by  leakage.     To  check  this  a  small  fuse  is 
placed  across  the  open  ends  with  the  field  circuit  open,   and  the 
field  current  then  gradually  increased ;  if  the  fuse  does  not  burn  out 
the  connections  are  assumed  to  be  properly  made.     There  may  also 
be  a  voltage  across  the  open  ends  due  to  the  presence  of  the  higher 
harmonics  or  irregularities  of  design,  and  ;-'.t  times  the  current  flow- 
ing in  the  closed  delta  may  even  equal  the  normal  load  current, 
which  will  cause  the  fuse  to  burn  out,  even  though  the  connections 
are  correct.     In  this  case  some  other  method  of  loading  should  be 

chosen. 

To  correct  a  two-phase  machine  so  there  will  be  zero  voltage 
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across  tlic  upon  ends,  it  is  necessary  to  divide  each  phase  into  two 
parts,  connect  these  so  that  the  voltages  are  opposed  and  then  con- 
nect the  two  phases  in  series.  The  same  arrangement  appHes  to  the 
halves  of  a  single-phase  winding.  The  winding  of  any  stationary 
armature  can  be  connected  temporarily  so  that  this  test  can  be  made, 
although  it  may  mean  a  considerable  expense  on  account  of  the 
changes  re(|uired  in  the  armature  connections. 

The  value  of  the  armature  current  to  be  circulated  in  the  open 
armature  must  be  equal  to  the  normal  current  in  the  winding  at  the 
specified  load.  This  can  be  calculated  as  follows: — for  three-phase 
star  connection,  the  amperes  per  phase  equal  the  rated  volt-amperes, 
divided  by  1.73  times  the  rated  volts;  for  three-phase  delta  connec- 
tion, the  amperes  per  phase  equal  the  rated  volt-amperes  divided  by 
three  times  the  rated  volts ;  for  two-phase,  the  amperes  per  phase 
equal  tiie  rated  volt-amperes  divided  by  twice  the  rated  volts;  for 
single-phase,  of  course,  the  amperes  per  phase  equal  the  rated  volt- 
amperes  divided  by  rated  volts. 

The  norinal  voltage  of  one  phase  of  the  machine  after  being  re- 
connected will  be  the  result  of  the  changes  within  the  winding  itself. 
For  three-phase  star-connected  machines,  the  voltage  will  necessarily 
be  the  delta  voltage  of  the  machine  corrected  for  the  number  of 
groups  in  the  original  connection  changed  from  parallel  to  series,  or 
vice  versa.  For  single  or  two-phase  machines  the  voltage  will  be 
one-half  the  original  voltage  corrected  for  the  number  of  groups 
changed  from  parallel  to  series,  or  vice  versa.  The  voltage  across 
each  phase  of  the  reconnected  armature  should  be  read  and  recorded. 

Since  the  direct  current  in  the  armature  produces  a  constant 
magnetic  held  in  which  the  field  poles  are  revolved,  this  test  can  be 
used  only  on  machines  with  laminated  poles  and  without  copj^er 
dampers  that  form  a  continuous  ring  about  the  pole  tip  of  the  re- 
volving field.  Excessive  losses  arc  ])r(iduce(l  in  the  pole  tips  and 
dampers  of  other  types. 

In  polyphase  machines  with  delta-connected  armatures  there  is 
sometimes  an  internal  current  circulating  through  the  windings  duo 
to  harmonic^.  When  the  machine  is  designed  for  star  connection 
and  is  thcti  connected  it  k'.elta  for  this  test,  the  circulating  current,  if 
any.  should  be  measured  with  normal  field  on  the  machine.  This 
"should  be  corrected  for  as  follows: — When  the  load  current  is  suf- 
ficiently low.  the  total  current  flowing  sIk^uUI  be  measured  with  a 
dynamometer,  or  an  alternating-current  ammeter  of  a  type  which 
will  give  the  total  eflfective  current.     When  the  load  current  is  too 
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Driving 
Motor  . 


heavy  to  be  measured  with  an  ammeter  or  dynamometer  connected 
directly  in  the  circuit,  a  series  transformer  should  be  inserted  in 
the  armature  circuit  and  the  alternating  current  read  when  the  ma- 
chine is  running  with  approximately  full-load  direct  current  flowing 
in  the  armature  and  with  normal  field  excitation.  The  correct  direct 
current  for  the  required  load  is  the  square  root  of  the  difference  be- 
tween the  square  of  the  required  alternating  current  per  phase  and 
the  square  of  the  circulating  alternating  current  flowing,  as  shown 
by  the  reading  of  the  ammeter. 

The  machines  should  be  run  with  the  field  current  giving  the 
normal  no-load  voltage.  This  will  be  somewhat  lower  than  the 
field  current  required  for  normal  voltage  at  full  load,  and  the  field 

temperature  will  neces- 
sarily have  to  be  cor- 
rected to  the  full-load 
values. 

The  machines  are  con- 
nected as  in  Fig.  4  and 
one  side  of  the  open 
delta  is  grounded  to 
protect  the  armature  of 
the  direct-current  gener- 
tor  from  static  strains  to 
ground.  The  other  arma- 
ture terminals  should  be  carefully  insulated  from  each  other  and 
from  ground,  and  especial  care  should  be  taken  that  no  one  comes  in 
contact  with  them  as  there  will  be  full  voltage  or  more  between 
them  and  ground.  After  bringing  the  speed  up  to  normal,  the  gen- 
erator field  circuit  is  closed  with  the  armature  circuit  open,  and  the 
excitation  is  increased  to  the  point  where  normal  voltage  is  obtained 
from  phase  to  phase,  corrected  for  the  changed  conditions.  At  this 
point  the  open  delta  voltage  should  be  checked.  If  it  is  not  approxi- 
mately zero,  but  nearly  equal  to  double  the  voltage  of  one  phase,  one 
phase  of  the  open  delta  should  be  reversed.  The  load  circuit  is  then 
closed  and  the  load  adjusted  to  the  desired  value,  readings  being 
taken  of  speed,  field  volts  and  amperes,  argigture  volts  and  amperes 
and  circulating  currents,  if  any. 

Circulating  Alternating  Current  in  the  Armatrue — The  circula- 
tion of  alternating  current  in  the  armature  also  closely  approximates 
the  actual  load  conditions.  The  armature  winding  is  temporarily 
connected  the  same  as  for  the  circulation  of  direct  current,  as  in  Fig. 


To  D.C.  Power  lor  Armature 


FIG.  4 — CONNECTIONS  FOR  LOADING  AN  OPEN- 
DELTA  WINDING  BY  CIRCULATING  DIRECT  CUR- 
RENT 
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4.  Currt'iU  may  1)l'  uljtaincd  cither  direclly  from  one  phase  of  the 
machine  under  test,  as  in  ¥'\g.  5.  or  from  some  external  source  of 
power,  tlie  fre(|uency  of  which  can  be  controlled  exactly.  Jn  the 
second  method  the  frequency  of  the  circulating  current  must  be  the 
same  as  that  of  the  machine  under  test,  as  otherwise  there  will  l)e  a 
periodic  surging  of  the  current,  causing  vibration  of  the  armature 
coils  which  may  prove  injurious.  This  condition  is  extremely  diffi- 
cult to  obtain  unless  the  generator  supplying  the  losses  is  mounted 
on  the  same  shaft  as  the  machine  under  test.  Consequently,  the  first 
method  is  usually  preferable.  In  this  case,  however,  the  load  on 
that  phase  which  sui^plies  the  circulating  current  will  be  higher  or 
lower  than  on  the  other  phases  and  the  positions  of  the  thermometers 
on  the  armature  with  reference  to  the  different  phases  must  be 
noted.     On  account  of  this  irregular  loading,  and  the  extreme  difii- 

culty  in  obtaining  suit- 
able voltage  ranges  on 
the  secondary  of  the 
transformer,  unless  a  n 
induction  regulator  of 
suitable  size  is  available, 
which  is  ordinarily  not 
the  case,  this  method  is 
usually  a  difficult  one  to 
apply.  Where  the  condi- 
tions are  suitable  for  the 
apjiHcation  of  this  method,  Ivnvever,  it  gives  satisfactory  results.  'JMie 
field  current  nuist  be  that  which  will  give  normal  voltage.  This  will 
be  approximately  the  same  as  the  no-load  field  current  and  will  give 
the  correct  armature  core  loss.  The  tem])erature  of  the  fields  for 
the  field  current  required  on  actual  load  will  be  calculated  from  the 
temperatures  <»btained  during  this  test. 

CirciilatiiKj  Idle  Current  by  Shifting  the  Phases — This  test  can 
only  be  made  on  two  similar  synchronous  machines,  which  are  con- 
nected together  by  ineans  of  an  adjustable  coupling  and  driven  by  a 
separate  driving  motor  capable  of  supplying  tiie  losses  of  both  ma- 
chines. Current  is  mnflS'to  circulate  between  them  by  shifting  their 
phase  relation  by  means  of  the  coupling.  It  is  possible  to  circulate 
the  load  at  any  desired  p<»wer-f actor.  The  correct  conditions  are 
secured  by  the  cut  and  try  method  and,  therefore,  because  of  the 
time  required  to  get  this  adjustment  and  the  necessity  of  having  two 
similar  machines,  this  method  is  seldom  used.    The  results  obtained, 
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however,  are  very  satisfactory,  as  the  machines  are  operated  under 
actual  load  conditions. 

The  machines  are  connected  as  in  Fig.  6,  using  suitable  series 
transformers,  and  are  then  started  and  brought  to  synchronous 
speed.  With  the  switches  open  between  the  machines  their  voltages 
are  adjusted  until  they  are  equal,  and  the  voltage  between  them  is 
then  read.  If  this  voltage  is  less  than  one-third  of  the  terminal 
voltage,  the  fields  of  the  two  machines  are  opened  and  the  line 
switches  closed  between  them.  The  fields  are  then  gradually  ex- 
cited, with  close  attention  to  the  line  ammeter.  If  the  load  current 
is  not  correct  at  the  rated  voltage,    the    machines    should    be    shut 

down  and  the  stator  or 
rotor  of  one  machine 
should  l)e  rotated  suffi- 
ciently to  set  the  two 
into  the  correct  phase 
relation.  For  slight 
changes  this  can  be 
done  by  means  of  liners 
under  the  feet,  but  for 
any  appreciable  change 
it  should  be  done  by 
means  of  the  coupling. 
The  phase  angle  be-- 
tween  the  machines 
should  be  increased  or  diminished  according  as  the  current  is  too 
low  or  too  high  respectively  and  in  all  such  changes  care  should  be 
taken  to  maintain  the  air-gap  uniform. 

PHASING-OUT  ALTERNATING-CURRENT  GENERATORS  AND 
SYNCHRONOUS    MOTORS 

When  it  is  desired  to  parallel  a  machine  with  the  line  or  another 
machine,  it  is  necessary  to  have  the  voltage,  the  frequency  and  the 
rotation  of  the  phases  of  the  incoming  machine,  the  same  as  that  of 
'^the  line.  A  voltmeter,  and  a  transformer  if  necessary,  are  used  to 
check  out  the  voltage,  while  to  determine  the  correct  phase  relations 
and  frequency,  lamps,  and  if  necessary  transformers,  are  placed 
across  the  paralleling  switches.* 


Po  ver 


FIG.  6 — CONNECTIONS  USED  WITH  LOADING  OF 
ALTERNATORS  BY  SHIFTING  THE  PHASE  ANGLE 
BETWEEN    THEM 


*For  a  complete  discussion  of  various  methods  of  phasing  out  poly- 
phase circuits,  see  the  article  on  this  subject  in  the  Journal  for  May,  1912, 
p.  437.  For  a  discussion  of  various  connections  and  methods  for  synchron- 
izing polyphase  machines,  see  the  article  in  the  Journal  for  July,  1912,  p. 
634- 
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Phasing  Out  Frequency  Changer  Sets — Frequency-changer 
sets,  consisting  of  an  alternator  driven  by  a  synchronous  n^jtor  of 
difTerent  frequency,  mounted  on  the  same  shaft,  must  be  paralleled 
in  such  a  manner  that  the  center  lines  of  the  poles  of  Ixjth  motors 
and  both  generators  will  occupy  the  same  relative  positions  simulta- 
neously. This  means  that  there  is  only  one  position  of  the  field  coils 
in  the  complete  circumference  of  the  machines  at  which  a  frequency- 
changing  set  may  be  synchronized  with  another  similar  set.  To 
facilitate  phasing,  they  are  frequently  designed  with  the  so-called 
"cradle  type"  of  frame,  such  as  indicated  in  Fig.  7.     This  consists 
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.Sliuwins  the  method  oi  phase  adjustment  h\  tlie  use  of  a  "cradle" 
frame. 

of  a  frame  <>i  practically  the  ordinary  slia|)e,  but  having  the  frame 
and  the  feet  cast  separately,  and  machineil  so  that  the  frame  can 
be  adjusted  circuniferentially  within  the  feet  to  any  desired  point  by 
means  of  screws,  the  two  being  bolted  together  when  the  desired 
adjustments  have  been  made. 

In  phasing  out  machines  of  this  type,  the  two  motors  are  first 
phased  out  and  operated  in  parallel  from  the  same  supi)ly  source, 
'ihc  connections  for  pha.'^ing  out  the  generators  are  then  the  same  as 
for  any  phasing  out  operation.  Since  the  machines  arc  operating 
in  .synchronism,  however,  there  will  be  no  fluctuating  of  the  voltage, 
but  if  the  machines  are  out  of  phase  the  lamps  will  burn  at  a  uni- 
form brightness,  which  will  be  below  normal  for  all  positions  except 
that  where  the  machines  are  exactly  180  degrees  out  of  phase.    To 
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obtain  the  correct  phase  relations,  it  is  necessary  to  rotate  the  stator 
of  the  generator  about  its  center  until  the  voltage  across  the  open 
terminals,  or  across  the  lamps  of  the  phasing-out  set,  becomes  zero. 
For  a  final  adjustment,  it  is  advisable  to  replace  the  lamps  with  volt- 
meters and  adjust  the  position  of  the  generator  stator  until  the  volt- 
age across  the  open  pairs  of  leads  is  approximately  zero.  The  field 
circuits  of  the  two  machines  are  then  opened  and  the  machines  are 
connected  in  parallel,  when  the  field  circuits  are  again  closed  and 
the  voltage  gradually  increased  to  normal.  If  the  currents  flowing 
in  the  leads  are  very  small,  the  connections  and  positions  of  the  ma- 
chines are  correct ;  if  the  currents  are  excessive  the  stator  must  be 
rotated  slightly  until  the  currents  are  reduced  to  a  minimum,  the 
ammeter  readings  being  always  taken  at  the  same  generator  voltage. 

SPECIAL  TESTS 

The  following  tests  are  taken  infrequently  and  then  only  when 
the  desired  results  cannot  be  obtained  by  the  tests  already  described : 

Core  Loss  as  a  Synchronous  Motor — This  method  of  obtaining 
core  loss  is  probably  more  difficult  than  any  other  method  on  ac- 
count of  the  large  number  of  variables.  The  machine  is  connected 
to  run  as  a  motor  from  an  alternating-current  generator,  the  fields 
of  both  machines  being  easily  controllable.  The  test  is  run  at  rated 
frequency  and  minimum  armature  current  or  approximately  100 
percent  power-factor  as  obtained  by  field  adjustment.  The  machine 
should  be  run  idle  for  a  half  hour  or  more  in  order  that  a  careful 
mechanical  inspection  be  made,  with  particular  attention  to  the  bear- 
ing lubrication  and  the  proper  operation  of  the  oil  rings.  When  the 
friction  has  become  constant,  as  indicated  by  a  steady  ammeter  read- 
ing, the  fields  of  both  machines  are  opened  simultaneously  for  a 
moment  and  at  the  same  time  the  resistances  of  the  field  rheostats 
are  increased.  This  will  give  the  residual  magnetism  a  chance  to  die 
down,  so  that  in  taking  the  test  the  points  will  be  on  the  rising  curve 
of  field  saturation.  The  fields  should  be  closed  again  before  the 
motor  speed  drops  sufficiently  to  cause  it  to  drop  out  of  synchronism, 
and  no  meter  switches  should  be  opened  until  the  machines  have 
again  become  exactly  synchronized.  The  excitation  is  then 
adjusted  to  such  a  value  as  will  give  one-half  normal  voltage  with 
the  line  switches  closed  at  rated  frequency  and  minimum  armature 
current.  Readings  are  taken  of  armature  volts,  watts  and  amperes 
per  phase,  field  amperes  and  speed  for  six  or  seven  points  of  voltage 
in  succession  up  to  35  percent  over  normal  voltage,  one  reading 
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being  taken  at  the  rated  value  of  the  machine.  There  is  ahnost  al- 
ways a  certain  amount  of  hunting  and  power  variations  and  accord- 
ingly, extreme  care  must  he  taken  with  all  meter  readings. 

Rc(/itl(itio)i  by  .Ictiial  Load  Test — The  voltage  regulation  may 
be  taken  under  actual  load,  where  such  a  load,  and  a  suitable 
method  of  driving  the  alternator  are  available,  by  loading  the  ma- 
chine to  the  desifed  value  at  the  desired  power-factor,  and  at 
normal  voltage  and  s|)eed.  Then,  maintaining  the  speed  and  field 
current  constant,  remove  the  load.  The  resulting  variation  in 
voltage,  divided  I)y  the  load  voltage,  e(|uals  the  regulation. 

In  commercial  testing,  it  is  frecjuently  simpler  to  take  sufficient 
readings  for  a  curve:  between  field  amperes  and  load  at  any  desired 
power-factor,  with  constant  voltage  and  speed.  If  the  test  is 
to  be  run  at  100  i)ercent  power-factor  the  generator  must 
be  loaded  on  a  water  rheostat,  or  on  resistance  racks  with  another 
alternating-current  generator  in  jjarallel  to  control  the  power- factor. 
Resistance  racks  alone  give  a  power-factor  from  96  to  98  percent. 

IMie  machines  are  connected  as  in  l"ig.  2  and  after  all  connec- 
tions have  been  carefully  checked,  are  started  and  brought  to  speed. 
The  field  circuit  of  the  generator  is  then  closed  and  the  rheostats 
adjusted  to  give  normal  voltage  at  n(j-load.  Readings  of  terminal 
volts,  amperes  and  watts,  field  amperes  and  speed  are  taken  at  this 
point  and  the  load  is  then  set  at  one-fourth  normal,  care  being  taken 
that  it  is  balanced  on  all  phases.  The  rheostats  are  again  adjusted 
to  give  normal  voltage  and  another  complete  set  of  readings  is  taken. 
This  procedure  is  continued  to  2^  j)ercent  overload. 

When  the  voltage  regulation  is  to  be  taken  at  any  power-factor 
other  than  100  percent,  it  is  necessary  to  use  either  another  alter- 
nator or  choke  coils  in  parallel  or  in  series  with  the  resistance  load 
used  in  the  previous  test,  or  to  obtain  the  entire  load  by  another 
alternator  which  is  belted  to  a  direct-current  generator.  If  the  latter 
method  is  used  the  energy  load  can  be  controlled  from  the  direct- 
current  generator  while  the  inductive  component  can  be  obtained  by 
adjusting  the  field  of  the  alternator  running  as  hiad.  The  former 
method  is  a  little  harder  to  control  on  account  of  having  to  adjust 
the  resistance  on  eacl^j  phase  with  each  change  of  load,  and  the  .on- 
sequent  difticulty  of  obtaining  e(|ual  currents  on  all  jjhases. 

Having  such  a  curve,  the  regidation  at  any  desired  load  is 
ol)tained  by  subtracting  the  load  voltage  from  the  no-load  voltage 
taken  from  the  no-load  saturation  curve  for  the  same  field  current. 
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The  difference  divided  by  the  load  voltage  equals  the  regulation, 
for  that  value  of  load  and  power-factor. 

Regulation  of  Synchronous  Motors — This  test  is  made  to  de- 
termine the  field  current  required  when  the  motor  is  running  under 
load  at  normal  voltage  and  frequency  and  usually  at  100  percent 
power-factor.  The  motor  is  loaded  by  belting  or  direct  connecting 
it  to  a  generator,  and  is  connected  up  as  shown  ia  Fig.  i,  except  that 
the  power  is  supplied  to  the  alternating-current  machine  and  the 
load  is  taken  from  the  direct-current  machine.     After  the  machines 

are  started  up,  the  field 
of  the  synchronous 
motor  is  adjusted  to  give 
the  desired  power-factor 
at  the  desired  load. 
Readings  o  f  terminal 
volts,  amperes  a  n  d 
watts,  field  amperes  and 
speed  are  then  taken  at 
zero  and  each  quarter 
load  up  to  25  percent 
over-load. 

Armature  C  11  r  rent 
C  h  a  r  a  c  t  c  r  isfics  ( V- 
Citrz'e) — This  test  is 
made  to  determine  the 
field  current  required  at  any  load  and  power-factor.  The 
machine  can  be  operated  either  as  a  motor  or  as  a  generator 
loading  entirely  on  another  synchronous  machine,  or  partly  on  re- 
sistance and  partly  on  a  synchronous  machine.  Complete  readings 
must  be  taken  for  at  least  two  loads,  preferably  at  no-load  and  full- 
load  kilowatt  output.  The  limit  of  armature  current  should  be  the 
same  for  both  tests,  the  maximum  values  being  such  as  will  give  at 
least  65  percent  power-factor  both  leading  and  lagging  at  full-load 
kilowatt  output.  About  twelve  readings  are  taken  at  various  arma- 
ture currents  over  the  above  range,  increasing  the  field  excitation  in 
equal  increments  from  the  minimum  to  the  maximum  required  to 
obtain  the  above  armature  current. 

The  machines  are  connected  as  in  Fig.  2,  readings  being  taken 
at  each  point,  of  terminal  volts,  watts,  amperes  in  each  phase,  field 
amperes  and  speed.  The  same  procedure  is  followed  as  already 
outlined  in  the  regulation  test,  except  that  the  actual  load  is  held 
constant  and  the  leading  or  lagging  component  is  varied  by  chang- 


FIG.   8 — CHARACTERISTIC   CURVES   OF  A    SYNCHRON- 
OUS    MACHINE 

Showing  the  effect  of  field  current  variation. 
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ing  ilic  licld  current  of  the  synchrontnis  machines,  tlie  voltage  being 
held  constant.   A  typical  set  of  curves  for  this  test  is  sh<j\vn  in  Fig.  8. 

DRYING  OUT  ALTEKNATING-CUKKENT  GENERATORS   AND    MOTOR.S 

To  make  sure  that  the  insulation  is  in  proper  condition  before 
being  subjected  to  high  voltage,  the  armature  winding  of  all  ma- 
chines wound  for  potentials  of  3  300  volts  and  alx)ve  should  be 
dried  out  before  being  placed  in  service.  Machines  wound  for  less 
than  3  300  volts  should  also  be  dried  out  if  they  have  been  exposed 
to  dampness.  To  satisfactorily  dry  out  the  high  voltage  armature 
coils  used  on  this  class  of  machines,  it  is  necessary  to  maintain  the 
entire  insulation  for  a  considerable  period  at  a  high  temperature, 
which  should  be  kept  as  nearly  uniform  as  possible  throughout  the 
test  so  that  there  will  be  no  tendency  for  the  moisture  to  pass  from 
the  hot  parts  of  the  coil  and  condense  on  the  cool  parts. 

In  an  open  or  semi-enclosed  machine,  which  can  be  independ- 
ently driven,  the  best  method  of  drying  out  is  to  run  the  machine 
with  the  armature  short-circuited  and  the  field  excited  so  that  a 
surticient  current  flows  through  the  armature  coils  to  heat  them  up 
to  the  required  temperature.  \\'hcn  this  is  done,  it  is  usually  found 
that  the  armature  current  required  is  above  the  rated  full-load  value 
in  order  that  the  temperature  of  the  outer  layer  of  insulation  may  be 
sufficiently  high  for  satisfactory  drying  out.  This  means  that  the 
inner  layers  of  insulation  have  a  temperature  considerably  higher 
than  the  outer  layers  and  may  be  damaged  unless  their  temperature 
is  carefully  watched.  The  temperature  of  the  coils  should  be  taken 
by  thermometers  or  by  resistance  coils  when  possible.  As  the  tem- 
perature of  the  coils  will  not  be  uniform  throughout  their  whole 
length,  temperatures  should  l)c  taken  in  several  diflfcrent  places  by 
thermometers  placed  between  the  coils  and  well  packed  with  waste. 
The  maximum  temperature  observed,  whether  obtained  by  ther- 
mometer or  resistance  coil  should  be  kept  at  approximately  S5  de- 
grees C.  throughout  the  whole  drying-out  run. 

In  open  type  machines  which  run  exccjitionally  cool,  or  in  which 
the  windage  is  very  great,  it  may  be  found  difticult  to  raise  the  tem- 
perature to  85  degrees  C.  without  running  an  excessive  current 
through  the  armature  conductors ;  in  such  cases  an  attempt  should 
be  made  to  cover  up  the  armature  windings  or  the  whole  machine 
with  heavy  paper,  felt  or  tarpaulin,  so  as  to  hinder  the  cooling  of 
the  machine  and  to  facilitate  reaching  the  required  temperature  and 
keeping  it   uniform  throughout   the   whole   machine.     Tn   a   .semi- 
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enclosed  machine  an  attempt  should  be  made  to  stop  the  natural 
ventilation  and  cooling  of  the  machine  as  much  as  possible  by  cover- 
ing up  the  inlet  and  outlet  openings.  In  enclosed  machines,  such  as 
turbo-generators,  the  air  circulation  should  be  modified  so  that  the 
outgoing  air  will  pass  directly  to  the  intake,  and  in  this  manner  the 
same  air  will  keep  in  continuous  circulation,  the  leakage  being  suf- 
ficient to  carry  off  all  the  moisture.  In  some  high-speed  machines, 
the  air  friction  alone  is  sufficient  to  raise  the  temperature  high 
enough  for  drying  out,  when  the  natural  ventilation  is  stopped. 
When  this  temperature  has  been  reached  in  such  cases,  the  field 
should  be  so  excited  that  about  one-third  full-load  current  is  circu- 
lating in  the  short-circuited  armature,  so  that  the  inner  layers  of 
insulation  will  be  several  degrees  hotter  than  the  outer  layers. 

When  the  drying-out  run  is  first  started  the  windings  should  be 
heated  slowly  so  that  the  heating  will  be  uniform.  When  too  heavy 
a  current  is  used  the  high  internal  heat  will  generate  gases  and  vapor 
which  will  be  forced  through  the  insulation  in  such  a  way  as  to 
break  the  continuity  of  the  layers,  thus  doing  considerable  damage. 
It  should  take  from  15  to  20  hours  to  bring  a  large  machine  up  to 
the  required  temperature. 

In  machines  which  cannot  be  driven  independently,  the  arma- 
ture can  be  dried  out  by  connecting  all  the  phases  in  series  and  then 
circulating  sufficient  direct  current  through  the  winding  to  obtain  the 
desired  temperature.  After  the  windings  have  been  heated  up  for 
several  hours  to  their  maximum  temperature,  the  current  should  be 
cut  off  and  the  windings  allowed  to  cool  down  to  about  10  or  15 
degrees  above  the  surrounding  air.  then  the  current  should  be  put  on 
again  and  the  above  operation  repeated  until  the  desired  degree  of 
dryness  has  been  obtained. 

The  insulation  resistance  must  be  taken  at  regular  intervals 
during  the  above  test  and  a  curve  plotted  using  time  as  abscissae 
and  resistance  as  ordinates.  This  curve  will  usually  show  a  de- 
creasing resistance  as  the  machine  first  heats  up  due  to  the  vaporing 
of  the  moisture  in  the  coils.  The  drying-out  test  should  be  con- 
tinued until  the  readings  show  the  resistance  when  hot  to  be  in- 
creasing and  that  there  is  at  least  one  megohm  insulation  resistance 
for  each  10  000  volts  over-potential  test.  After  this  point  has  been 
reached  the  machine  must  be  allowed  to  cool  down  to  the  specified 
over-load  temperature  before  the  over-potential  tests  are  made. 
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978 — Silver  Plating  Copper — What 
is  the  best  method  for  electro- 
plating silver  into  copper?  Please 
send  me  a  formula  for  a  solution 
for  cleanin.g  copper,  preparation  of 
bath,  current  density,  desired  volt- 
age and  a  method  for  polishing 
without  using  a  buffer.  I  have  two 
searchliglit  reflectors  of  silvered 
copper  wiiich  have  been  polislied 
until  the  silver  is  worn  off  in  spots. 
I  meclianically  cleaned  one  of  the 
reflectors  with  silver  polish  and 
cliemically  with  a  five  to  one  solu- 
tion of  nitric  acid,  being  very 
careful  that  no  acid  remained  on 
the  reflector  before  it  was  put  into 
tlie  plating  bath.  Tlie  liath  was 
mi.\e<l  according  to  tlie  one  given 
for  silver  plating  in  Foster's  Hand- 
book (potassium  cyanide  and  sil- 
ver chloride).  Current  density  ac- 
cording ttt  directiiiMs  given  (one 
ampere  to  60  stjuare  inches  of  plat- 
ing surface)  voltage  110.  The 
cyanide  seemed  t<i  have  a  chemical 
action  on  tlie  co|)per  surface,  so 
that  the  silver  would  not  stick. 
The  silver  surface  i)lated  very 
good  and  came  to  a  good  polish, 
with  using  a  i)iecc  of  soft  leather. 
Please  advise  me  how  a  silver 
coating  can  be  made  to  hold  on  a 
copper    surface? 

c.  I..  II.  (inAHo) 

Apparently  the  surface  tt)  be  plated 
was  not  entirely  clean.  Surface 
should  be  rul)bed  clean  with  pumice 
stone  and  waslied  and  dipped  in  a 
potassium  cyanide  solution  (three 
ounces  per  gallon),  and  then  put  di- 
rectly into  the  plating  solution.  The 
entire  surface  should  be  wet  when 
removed  from  water  and  the  water 
should  not  come  away  from  any  spot 


as  that  indicates  grease  present.  If 
surface  is  much  worn  it  is  often  best 
to  clean  off  all  old  silver  and  start 
on  clean  brass,  but  with  care  this  is 
not  essential.  R.  P..J. 

979 — I  m  p  r  oving  Power- Factor — 
At  tlie  plant  with  which  1  am  con- 
nected, it  is  desired  to  improve  the 
l)ower-f  actor.  We  have  a  line 
about  700  feet  long,  operating  at 
440  volts,  three-phase,  carrying  a 
load  of  750  kw  at  a  power-factor 
of  55  to  65  percent.  .Xbout  one- 
half  of  ths  load  is  made  lup  of 
heating  transformers,  the  rest  in- 
duction motor  load.  What  would 
be  gained  by  installing  a  syncliro- 
nous  condenser  at  the  ,end  of  the 
line,  and  what  size  condenser  will 
be  required  to  raise  the  power- 
factor  to  (X)  or  UK)  percent?  What 
is  the  general  i allowance  of  me- 
clianical  power  output  when  a  syn- 
chronous motor  is  used  for  power- 
factor  correction,  and  how  much 
power  does  it  take  from  a  line,  for 
a  size  suitable  for  tlie  above  con- 
ditions and  raising  the  power-fac- 
tor from  55  to  90  or   100. percent? 

A.  C.  (OHIO) 

To  increase  the  power-factor  of  a 
load  of  750  kw  from  55  to  <)o  percent, 
would  require  a  synchronous  con- 
denser of  approximately  7t)5  k.v.a. 
capacity;  to  raise  the  power-factor 
to  100  percent  would  require  a  simi- 
lar condenser  of  about  i  -;<X)  k.v.a. 
capacity.  The  amount  of  mechanical 
load  tliat  a  synchronous  motor,  over- 
e.\cite»l  for  power-factor  correction, 
may  carry  is  dependent  upon  its  mc- 
ch.inical  design,  particularly  in  base, 
bearings  ami  shaft,  ami  tlie  kind  of 
load  to  be  carried :  1.  •'..  whether 
belted  or  coupled  to  the  synchronous 
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motor.  A  synchronous  motor  used 
as  a  condenser  should  take  from  the 
line  full  rated  k.v.a. ;  the  true  energy 
will  be  only  that  required  for  sup- 
plying the  losses  ini,  the  machine, 
which  will  be  roughly,  that  percent- 
age of  its  normal  rating  which  is 
equal  to  the  difference  between  lOO 
percent  and  its  full  load  efficiency ; 
i.  e.,  if  the  motor  lias  a  full-load  effi- 
ciency of  96  percent,  its  losses  will 
be  approximately  four  percent,  or 
say,  five  percent  to  allow  for  the  fact 
that  the  full-load  efficiency  was  prob- 
ably calculated  for  100  percent 
power-factor,  while  the  condenser 
operates  at  approximately  zero 
power-factor.  For  methods  of  cal- 
culations of  this  sort,  see  article  in 
the  Journal  for  October,  191 1,  enti- 
tled, "Power-Factor  Correction  with 
Synchronous  Condensers,"  p.  943. 
The  chief  thing  to  be  accomplished 
in  a  case  of  this  sort  is  to  enable  the 
generator  to  carry  a  larger  true  en- 
ergy load,  and  at  a  better  efficiency ; 
the  turbine  will  also  work  more  effi- 
ciently and  the  exciter,  switching 
equipment,  transformers,  and  trans- 
mission line  will  be  less  heavily 
loaded,  better  voltage  regulation  will 
be  secured  and  there  will  be  less  lia- 
bility of  the  motors  stalling  under 
load,  etc.,  this  latter,  and  the  ability 
to  take  on  increased  load  without  in- 
crease of  prime  mover  and  genera- 
tor equipment,  being  the  predominant 
features.  Whether  the  installation  of 
a  condenser  of  the  proper  size  would 
be  commercially  expedient  for  this 
particular  installation  should  be 
made  a  matter  of  special  study  from 
the  available  data.  n.  s. 

980 — Three-Phase  to  Two-Phase 
Transformation — Can  the  ar- 
rangement shown  in  Fig.  980  (a) 
be  used  to  transform  from  three  to 
two-phase,  using  a  standard  2  200 
or  I  100/220  or  no  volt  transform- 
ers? If  so,  please  give  vector  dia- 
gram and  explain. 

J.  E.  K.   (PENNA.) 

This  scheme  is  not  practical,  since 
the  phase  relations  of  the  two  e.m.f's. 
in  phase  (a)  and  phase  (h)  of  the 
secondary  will  chpnge  with  each  va- 
riation of  load.  There  will  also  be 
third  liarmonic  distortions  due  to  the 
exciting  current.  Where  three  trans- 
formers 'are  available  as  shown  and 


there  are  no  86  percent  taps,  the  most 
convenient  method  of  oljtaining  two- 
phase   power   is    that   shown    in   Fig. 
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FIG.  980  (a)   and   (b) 

980  (b),  in  which  a  small  auto-trans- 
former is  used  to  boost  the  voltage 
across  A  D  is  percent.    See  also  No. 

959.  W.  M.  m'c. 

981 — Choke  Coils  for  Lightning 
Protection  on  Direct-Current 
Circuits — Low  voltage  coils, 
such  as  are  used  in  telephone 
work,  are  provided  with  an  iron 
core.  Choke  coils  on  liigher 
voltages  are  not  provided  with 
an  iron  core,  however,  probably 
due  to  the  transformer  action  if 
this  were  done.  A  certain  instal- 
lation has  a  choke  coil  on  a  pro- 
tective panel  working  in  series 
with  a  lightning  arrester  having 
50  turns  of  No.  5  wire  and  caring 
for  approximately  10  hp  on  500 
volts  direct  current.  Consider- 
able trouble  has  been  experi- 
enced, however,  due  to  line  surges 
when  a  lightning  storm  is  in  the 
vicinity.  Please  explain  in  de- 
tail why  a  choke  coil  with  an 
iron  core  would  not  be  allow- 
able on  500  volts  direct  current 
and  why  it  is  permissable  on  a 
lower  voltage  c.f.b.   (wise.) 

Choke  coils  are,  in  general,  used 
for  two  purposes,  namely,  as  a 
protection  against  line  disturb- 
ances on  both  direct  and  alternat- 
ing-current circuits,  and  to  limit 
the  current  flow  in  alternating- 
current  circuits.  The  high  imped- 
ance of  a  clioke  coil  to  the  pas- 
sage of  electrical  disturbances  such 
as  sureres  and  lightning  discharges 
is  employed  to  protect  apparatus — 
motors,    generators,     transformers, 
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etc.,  which  otherwise  would  prob- 
ably havi"  the  insulation  of  the  ter- 
minal windin^;^  punctured  l)y  an 
unimpeded  discliar>;e  comin).(  from 
the  line.  The  impedance  of  these 
coils  to  the  normal  current  is  of 
little  consequence.  The  equivalent 
frecjuency  of  the  class  of  disturb- 
ance against  which  protection  is 
desired  is  so  high  that  coils  with 
iron  cores  are  rather  less  effective 
than  air  core  coils.  This  is  due 
to  the  estal)lishment  of  currents 
in  the  maj^^netic  material  that  neu- 
tralize the  action  of  the  coil. 
Current  limiting  choke  coils  are 
employed  to  protect  apparatus 
against  excessive  current  rushes 
such  as  may  occur  under  short 
circuit  and  other  conditions  of  vio- 
lent overload.  These  coils  may 
employ  iron  cores,  but  usually  the 
conditions  make  an  air  core  the 
better  design.  The  disturbances 
in  your  instance  were  i)robably 
due  to  the  choke  coil  acting  as  a 
protective  impedance  and  in  hold- 
ing back  the  surges  coming  from 
the  line  high  potentials  are  dcvel- 
<>])ed,  which  in  some  way  have  ap- 
parently been  a  source  of  trouble 
to  you.  The  use  of  iron  is  not  a 
question  of  volta'^e  nor  of  fre- 
<iuency.  but  of  purpose  and  condi- 
tions. K.C.R. 

982 — Starting  Rotary  Converters — 
We  have  several  tliree-phase,  300 
k\v,  650  volt  railway  rotary  con- 
verters. At  present  they  are 
started  by  a  direct-current  induc- 
tion motor  and  then  |)aralleled  by 
the  use  of  lam|)s.  Will  it  be  possi- 
ble to  start  them  by  first  e.xciting 
the  field  fmni  the  line  and  then 
closing  the  three-phase  switch 
through  a  reactance  or  resistance 
which  is  afterwards  short-circuit- 
ed? if  so,  what  current  would  be 
necessary  to  bring  tiie  machine  up 
to  synchronism  and  would  it  be 
necessary  to  make  more  than  one 
step  ti)  the  reactance  or  resistance, 
and  which  wouM  be  preferable,  re- 
actance or  resistance?  There  i.s 
always  about  600  volts  on  the  trol- 
ley wire  which  cmild  be  used  to 
excite  the  fields.  The  macliine  op- 
erates from  650  to  720  volts.  Will 
it  be  disastrous  to  change  the  ex- 
citing current  from  the  trolley 
voltage  to  the  higher  machine  v<ilt- 


age  as  the  macliine  is  running? 
The  field  switch  would  be  ar- 
ranged to  transfer  the  exciting 
current  from  the  tr<jlley  to  the 
machine  terminals,  after  the  main 
switches  were  closed  and  witlujut 
opening  the  field  circuit. 

U.  .\.  IJ.  (.NKW  YORK) 

A  rotary  converter  can  be  started 
in  this  manner  taking  several  times 
normal  k.v.a.,  but  very  bad  sparking 
will  roughen  up  the  commutator  and 
make  tlie  method  unsatisfactory.  Re- 
actance is  preferable  to  resistance. 
One  step  only  is  required.  It  would 
not  be  disastrous  to  change  the  ex- 
citing source  so  long  as  the  circuit  is 
not   opened.  j.  l.  y. 

983— Transformer  Polarity  — One 
set  of  three  transformers  is  con- 
nected, up  delta  on  a  three-phase, 
three-wire  system  stepping  up 
from  2300  volts  to  13200  volts,  as 
shown  in  Fig.  983  (a).  We  desire 
to  connect  another  set  t(}  run  in 
parallel  as  shown,  and  would  like 
to  know  what  the  voltage  will  be 
from  i  to  .^,  ^  to  5,  3  to  6,  and  the 

1 2W  Ytlt  Bm 


JTIG.  983   (a) 

cross  voltage  from  2  to  ./.   i  to  5, 
2  to  6,  .?  to  5,  .?  to  4  and   /   to  6 
with   all    the   switches   out   on   the 
low  voltage  side  of  the  set  marked 
.-/.     The   transformers   are   of   the 
same  ratio,  .md   set   B  has  a   suffi- 
ciently light  lo.id  that  the  ratio  of 
transformation      is      not      affecte«l 
thereby.       We     have     a     potential 
transformer  of  20  to  i  ratio  and  a 
150  volt  voltmeter  to  use  in  making 
tests.     Would  a  comparison  of  the 
voltages  obtaine<l  allow  a  satisfac- 
tory determination  of  whether  the 
pha.sc  relations  is  correct  or  not? 
i„  s.  R.  (ai.a.) 
With    the    connections    shown    in 
Fig.  'h*^!  (a)  voltages   from   /  to  4,  2 
to  s  and  .?  to  6  should  be  o.  and  the 
voltages  from  /  to  5  or  6.  from  ^  to 
./  or  f>,  and  from  .?  to  4  or  5  should 
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be  2300  volts  if  the  connections  and 
transformer  voltages  are  correct.  If 
the  connections  are  properly  made  as 
shown,  but  one  of  the  transformers 
is  reversed  in  polarity  inside,  there 
will  be  a  short-circuit  on  the  trans- 
former secondaries  at  double  poten- 
tial, even  before  switches  7,  2  and  J 
are  closed.  If  the  transformer  po- 
larities are  correct,  but  two  of  the 
secondary  lines  are  interchanged  as 
shown  by  the  dotted  connection  m 
Fig.  983  (a),  the   potentials  will  be: 

1  to  4,  o;  2  to  5,  2300;  3  to  6,  2300; 

2  to  4,  2300 ;  /  to  5,  -300 ;  2  to  6,  o;  3 
to  5,  o;  J  to  4,  2300;  I  to  6,  2300. 
From  a  comparison  of  readings  ob- 
tained in  the  manner  suggested  it  is 
easy  to  determine  whether  the  phase 
relation  is  correct  or  not.  See  also 
article  on  this  subject  by  Mr.  W.  M. 
McConahey  in  the  Journal  for  July, 
1912,  p.  613.  c.R.R. 
g84— Wattmeter     Regis  tration— 

Will  a  two-element,  400  volt,  poly- 
phase watthour  meter,  connected 
as  in  Fig.  984(a),  register  four 
times  the  actual  energy  for  lighting 
or  just  two  times? 

J.  E.  K.  (NEVADA) 

The  wattmeter  connected  as  shown 
in  Fig.  984  (a)    will  register  the  full 


FIG.  9S4  (a) 

current  of  the  lamps,  multiplied  by 
440  volts.  In  other  words,  it  will  reg- 
ister four  times  the  actual  wattage 
of  the  lamp  circuit.  c.  r.  r. 

985 — Testing  Oil  Circuit  Breakers 
— In  testing  an  electrically  oper- 
ated oil  circuit  breaker,  I  get  it  to 
close  at  a  lower  voltage  when  I  use 
220-240  volts  direct-current  and 
suitable  resistance  in  series  with 
the  coils,  than  when  I  use  iio- 
120  volts  direct-current  and  suit- 
able resistance.  That  is,  the  cir- 
cuit breaker  will  not_  close  at, 
say,  90  volts  obtained  in  the  lat- 
ter manner,  but  will  close  at  90 
volts     obtained     in     the     former 


way.  I  have  noticed  this  more 
than  once,  but  cannot  under- 
stand what  takes  place.  The  source 
of  supply  is  a  120-240  volt  direct- 
current  generator,  three-wire,  so 
that  I  have  either  voltage  at  hand. 

J.  J.  D.  (ONTARIO) 

The  experience  wherein  electrically 
operated  circuit  breakers,  when  oper- 
ated at,  say,  220  volts,  with  a  consid- 
erable resistance  in  series,  close  at  a 
lower  voltage  across  the  closing  coil 
(as  observed  after  the  current  has 
become  stable)  than  when  operated 
at  no  volts  with  a  series  resistance, 
is  a  matter  of  common  note.  At  the 
moment  of  closing  the  circuit,  the  to- 
tal potential  of  the  circuit  appears 
across  the  closing  coil.  This  is  be- 
cause no  current  as  yet  exists  in  the 
circuit  and,  therefore,  no  drop,  to  re- 
duce the  line  voltage,  exists  across 
the  resistance.  As  the  current  grows, 
the  drop  across  the  resistance  devel- 
ops until  a  stable  condition  is  at- 
tained, but  previous  to  this  time  a 
voltage  ranging  from  the  total  con- 
trol voltage  down  to  that  given  by  the 
stable  condition  has  existed  across 
the  closing  coil.  Consequently,  with 
the  higher  operating  voltage  the  rate 
of  flux  establishment  for  the  220  volt 
system  is  far  greater  than  for  the 
no  volt  system.  The  result  of  this 
condition  is  equivalent  to  a  sudden 
violent  pull  in  the  case  of  the  220 
volt  system,  which  starts  the  magnet 
on  its  way  to  the  closed  position.  In 
the  case  of  the  no  volt  system  the 
pull  is  not  so  abrupt  nor  intense,  con- 
sequently the  magnet  closes  in  the 
case^  of  the  220  volt  system  on  ap- 
parently lower  potential  than  on  the 
no  volt  system,  while,  as  a  matter  of 
fact,  it  receives  at  the  beginning  of 
the  operation,  double  the  potential 
which  occurs  in  the  case  of  the  1 10 
volt  system.  K.  c.  R. 

g86 — Testing  Porcelain  Insulators 
— Is  it  advisable  to  depend  on  the 
voltage  test  alone  in  determin- 
ing whether  porcelain  insulators 
are  fit  for  service?  For  in- 
stance, if  an  insulator  is  me- 
chanically strong  enough  for  a 
certain  service,  and  also  stands 
the  specified  voltage  test,  ought 
it  to  be  rejected  if  it  shows  signs 
of  being  porous,  or  has  cracks 
which  are  apparently  due  to 
faulty  manufacture.     Would  you 


Tllli  JOURNAL  QUESTION  BOX 


1305 


take    into   consideration   wlictlier 
or     not     tlie    cracks     are     Klazed 

over?  J-  J-  !>•   (ONTARIO) 

In  general,  it  is  not  safe  to  de- 
pend on  tile  electrical  test  alone. 
The  writer  has  found  porcelain 
that  would  stand  the  electrical 
tests  indefinitely  with  no  al)nor- 
nial  manifestation  except  ra])id 
heating  up  of  the  part  under  stress 
and  an  abnormal  violet  glow. 
Such  porcelain  when  submerged 
in  water  for  a  few  hours,  how- 
ever, broke  down  by  jnincture  at  a 
very  low  voltage.  It  was  porous 
and  unsafe  to  use  in  a  damp  place. 
Some  of  the  following  points 
should  be  carefully  considered  in 
accepting  porcelain: — There  should 
be  no  cracks  in  the  portion  subject 
to  electrical  or  mechanical  stress, 
even  if  glazed  over.  Broken  por- 
celain or  chijjs  should  not  absorb 
over  one-half  of  one  percent  of 
moisture  when  suljiiierged  for  four 
days.  The  required  degree  of  con- 
formity to  drawings  or  general 
uniformity  of  the  ])roduct  and  also 
the  freedom  from  blisters  and  dis- 
coloration may  be  determined  by 
each  purchaser  acording  to  his  re- 
quirements. Three  percent  varia- 
tions plus  or  minus  from  dimen- 
sions is  a  common  limit  and  many 
blisters  in  the  glaze  are  to  l)e 
looked  ui)()n   with  suspicion.       k.  p.  j. 

987 — Commutator  Trouble  —  W  e 
liave  a  luw  10  k\v.  110  volt.  4  poie. 
generator,  witli  73  commutator 
bars,  which  has  a  spare  armature, 
identical  with  the  original.  The 
armature  will  run  all  right  for  two 
or  three  <lays  after  tlie  coniimitator 
has  been  turned,  but  will  gradually 
begin  to  spark  and  wear  a  black 
spot  on  the  commutator  in  two 
places,  directly  opposite.  This 
starts  with  a  couple  of  bars  and 
gradually  works  over  to  about  one- 
fourth  of  the  commutator.  \\\ 
then  the  mica  has  raised  so  that  the 
gener.itor  will  not  pick  up.  or  if  il 
does,  will  blaze  at  the  brushes.  No 
am<nint  i>f  shifting  of  the  brushes 
stops  this  action  and  the  armature 
tests  clear  as  far  as  short-circuits 
or  grounds  are  concerned.  While 
rei»airing  the  commutator,  the 
spare  armature  ran  well  for  a 
couple  of  nights  and  then  went 
"dead."  It  had  two  black  spots  on  the 


commutator  of  about  10  bars  each 
(»n  opposite  sides.  When  this  ctjtn- 
mutator  was  turned  up  and  re- 
placed it  acted  the  same.  Kindly 
state  what,  in  your  opinion,  would 
cause  this  action  on  the  commuta- 
tor? W.  J.  L.  (O.NT.VKIO) 
The  tr()ul)le  indicated  may  result 
from  several  causes,  such  as  ojier- 
atiiig  the  generator  at  overhead  or 
under  voltage,  tlie  latter,  providing 
there  is  insufficient  fringing  from  the 
main  pole  to  properly  commutate  the 
current  in  a  non-commutating  p(jle 
type  of  niacliiiie.  Faulty  brush  spac- 
ing, poor  quality  of  carbon  or  loose 
lit  of  carbons  in  boxes,  or  vibration, 
due  to  faulty  alignment,  may  be  suf- 
ficient to  cause  initial  sparking  and 
blackening  of  the  commutator,  whicli 
will  later  lead  to  high  mica.  Once 
iiigli  mica  is  started,  sparkless  com- 
mutation is  out  of  the  question,  and 
the  blackening  of  the  commutator 
rai)idly  spreads  through  the  faulty 
mechanical  contact  between  commu- 
tator and  lirushes.  The  armature  in 
question  probably  has  an  idle  coil, 
which  dissymetry  may  mark  tlie  point 
of  initial  blackening  of  commutator. 
However,  under  normal  operating 
conditions  it  should  not  exjilain  the 
trouble  ex])erienced.  Check  the 
brush  spacing  carefully,  adjusting  to 
practical  equality  between,  brushes, 
install  good  quality  carbons,  fitting 
with  clearance  in  box  of  not  exceed- 
ing 0.0 1  inch  in  thickness.  The  brush 
setting  should,  in  this  armature,  have 
forward  lead  of  i  to  i.i.>5  bars  in 
advance  of  the  geometrical  neutral. 
.•\  thinner  carbon  may  give  some  im- 
provement. i>rovided  the  current  den- 
sity does  not  exceed  40  amperes  per 
s(|uare  inch.  This  may  be  tried  by 
accurately  champ fering  the  carbons. 
If  witli  iirojK'rly  surfaced  commuta- 
tor and  rated  voltage,  the  generator 
still  develops  troul)le.  slight  undercut- 
ting of  the  mica  will  j)rol)al)ly  bring 
relief.  The  mica  should  be  cut  out 
clean  to  a  <lepth  of  from  l-.^J  t<i  I-16 
inch.  This  remedy  should  not  be 
necessary,  however,  with  a  ciMiimuta- 
tor  having  a  low  percentage  of  mica, 
as  in  the  present  case,  if  operating 
under  conditions  of  steady  and  not 
excessive  load  at  its  rated  voltage, 
and  where  free  from  inaccuracies  of 
brush  spacing  and  setting,  mechanical 
vibration,  etc.  a.  c  l. 
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g88 — Turbo-Rotary  Converter 
Sets,  With  Rotary  Converter 
Tied  In:  Exciter  Being  Direct- 
Coupled  to  Alternator — It  is  us- 
ual to  excite  an  alternator  from 
existing  direct-current  supply  dur- 
ing the  period  of  starting  up.  The 
rotary  converter  begins  usually  to 
revolve  when  the  turbo-generator 
reaches  one-third  to  one-half  speed. 
On  reaching  full  voltage  and  speed 
the  exciter  is  cut  in  and  the 
separate  excitation  is  cut  out 
by  a  make-before-break"  switch. 

(a)  Presumably  the  purpose  is  to 
avoid  instability  of  the  exciter 
owing  to  the  heavy  currents_  in- 
duced in  the  generator  when  it  is 
short-circuited  through  the  rotary? 

(b)  In  case  of  shut  down,  is  it 
feasible  to  start  up  the  combination 
set  without  relying  on  separate  di- 

•  rect-current  excitation?  If  so,  what 
conditions  obtain?  If  not,  why 
not?  (c)  Are  there  any  other 
methods  of  starting  such  sets  with- 
out having  an  existing  direct- 
current  supply  available? 

p.  F.  A.   (AUSTRALIA) 

Turbo-rotary  converter  sets  of  300 
and  500  kilowatts  capacity  have  been 
rested,  and  no  difficulty  experienced 
in  starting  set,  using  direct-connected 
exciter  for  initial  turbo-excitation. 
The  only  effect  of  separately  driven 
excitation  during  starting  is  that  the 
necessary  turbo  voltage  for  starting 
the  converter  is  obtained  at  a  lower 
speed  and  frequency.  Therefore,  re- 
quired voltage  is  less.  Ordinarily, 
this  is  of  no  practical  advantage. 
Converters  have  even  been  started  by 
closing  intervening  switches  after 
turbo  has  attained  normal  speed. 

F.  D.  N. 

g89 — Neutral  Point  of  Delta-Con- 
nected Generator — Please  ex- 
plain a  simple  and  quick  method  to 
determine  the  neutral  point  on  a 
three-phase,  2  300  volt,  delta- 
connected  turbo-alternator. 

A.  s.  (Argentina) 
A  delta-connected  generator  has  no 
neutral  point.  An  artificial  neutral 
may  be  obtained  by  the  use  of  delta 
to  star-connected  transformers  or  by 
the  use  of  interconnected  auto-trans- 
formers connected  as  shown  in  No. 
851  or  1006.  c.  R.  R. 

9Q0 — Transformer  R  e  g  u  1  a  tion — 
Please  give  a  formula  for  calculat- 


ing transformer  regulation  at  any 
power-factor,  from  measurements 
usually  taken  in  factory  tests. 
Please  explain  how  to  determine 
from  tests  each  factor  that  enters 
into  the  formula.  If  possible,  illus- 
trate use  of  formula  on  a  three- 
phase  transformer,  w.  t.  (wash.) 
Short-cut  formulae,  sufficiently  ac- 
curate for  commercial  testing  are  : 

To  determine  the  rcrulation  of  a 
transformer  when  supplying  a 
load  at  unity  power-factor:  Per- 
cent Reg.  =:( percent  copper  drop)  + 
[(percent  reactance  drop)"  -^  200]. 
To  determine  the  regulation  when 
transformer  is  supplying  a  load 
at  less  than  unity  power-factor: 
Percent  Reg.  =  (percent  copper 
dropx  P-F)  +  (percent  reactance  drop 

The  percent  copper  drop  equals  the 
short-circuit  loss,  divided  by  the  rated 
output,  multiplied  by  100.  Tne  per- 
cent reactive  drop  equals  the  square 
root  of  (the  percent  impedance  drop 
squared,  minus  the  percent  copper 
drop  squared).  The  short-circuit  loss 
is  obtained  by  short-circuiting  one 
winding,  and  applying  sufficient  volt- 
age to  the  other  winding  to  produce 
full  rated  current,  with  ammeter, 
voltmeter,  and  wattmeter  connected 
in  the  circuit.  The  wattmeter  read- 
ing will  indicate  the  short-circuit 
loss.  The  applied  voltage,  multiplied 
by  100  and  divided  by  the  rated  volt- 
age of  the  winding  will  be  the  per- 
cent impedance  drop.  The  same  rule 
applies  to  three-phase  transformers, 
it  being  understood  that  three-phase 
current  is  used  when  measuring  the 
short-circuit  and  impedance  voltage, 
and  that  the  average  of  the  three- 
phase  impedance  volts  be  used  in  de- 
termining the  percent  impedance 
drop.  "When  making  the  short-circuit 
loss  test,  it  is  necessary  that  the 
proper  frequency  be  employed,  since 
the  reactive  drop  is  directly  propor- 
tioned to  the  frequenc3^  See  also 
Journal,  Vol.11,  p.  361,  June,  1905, 
and  No.  781,  Oct.  '12.  w.  j.  h. 

ggi — Grounding  Induction  Motor 
Stator  —  What  causes  can  be 
given  for  the  grounding  of  the 
stator  winding  of  a  15  hp,  three- 
phase,  220  volt  slip  ring  induction 
motor,     protected     by    60     ampere 
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fuses.  Witli  a  new  motor  protected 
by  fuses  and  the  installation  in 
good  condition,  would  careless 
handling  of  the  controller,  that  is, 
rapid  starting  and  reversing  of  the 
motor  before  it  comes  to  a  full 
stop  cause  the  stator  to  ground  ? 

K.  B.  R.   (INDIANA) 

Too  rapid  starting  or  reversing  of 
the  motor  might  have  caused  the 
shocks  on  coils  and  insulation  which 
in  time  causes  it  to  break  down. 
With  a  well  built  modern  motor  this 
is  not  liable  to  happen  unless  the 
treatment  is  exceedingly  severe. 
Xeverthcless,  instances  of  this  kind 
occur  at  times  and  serve  to  manifest 
the  importance  of  giving  proper 
treatment  to  electrical  apparatus. 

r.  R.  R 
992 — Rotary  Converters  with 
Brush  Lifting  Devices — Why  do 
American  manufacturers  insist  up- 
on the  necessity  for  brush-lifting 
devices  on  self-starting  interpole 
rotaries.  when  European  and 
especially  German  manufacturers 
have  been  supplyint.'  these  machines 
for  some  years  without  discover- 
ing (apparently)  that  there  was 
an}'  difficulty? 

p.  F.  A.  (AUSTRALIA) 

.Sparking  at  the  brushes  in  a  com- 
mutating  pole  converter  during  start- 
ing may  be  decreased  by  <lesigning 
the  Converter  with  a  large  number  of 
poles,  and  consequeiuly.  low  kilo- 
watts per  pole,  and  by  placing  a 
short-circuited  winding  of  large 
cross-section  around  the  commutat- 
ing  pole.  There  is  no  question,'  but 
that  American  conunutating  pole  con- 
verters require  the  brush  lifting  de- 
vice for  satisfactory  starting.  The 
scheme  of  short-circuiting  the  com- 
mutating  pole  winding  during  start- 
ing has  been  tried,  but  the  damping 
effect  was  not  sufficient  to  reduce  the 
si)arking  to  a  safe  amount  in  con- 
verters designed  for  250  kilowatts 
per  pole.  F.  n.  v. 

993 — Rotary  Converters  with  Syn- 
chronous Boosters — We  believe 
it  is  usual  to  make  synchronous 
boosters  of  a  capacity  approxi- 
mately equal  to  half  the  desired 
slip  ring  voltage  variation  multi- 
plied by  the  slip  ring  amperes,  and. 
for  the  lower  voltage  range,  using 
the  booster  to  lower  the  voltage  on 
the  slip  rings.     Does   this    not   in- 


volve reversing  the  current   in  the 

booster  field  coils,  and  the  use  of  a 

potentiometer  regulator ? 

p.  F.  A.  (au.stralia) 

With  booster  type  converters  the 
booster  has  a  capacity  corresponding 
to  half  the  desired  voltage  variation. 
The  booster  field  current  is  reversed 
without  opening  the  field  circuit  by 
means  of  double  rheostat.  For  de- 
scription and  diagram  of  this  rheo- 
stat, see  the  Journal  for  Xovember. 

K)oS,    pp.    C)2J-2.  F.  I).  N. 

994 — Separate     Excitation    of    Ro- 
tary    Converters — \\  iiere      some 
direct-current  is  always  available — 
though  possibly   witli   only  a   small 
power  behind  it — would   it  not  be 
feasible  to  excite  rotary  converters 
from  bus-bars,  thus  ensuring  a  cor- 
rect   polarity    when    starting    from 
the  alternating-current  side  (this 
would    also    apply    to    turl)o-rotary 
combined   sets   run   in   conjunction 
with  another  direct-current  plant)  ? 
In    this    case,    what    is    the    correct 
switchgear    to    use?      Obviously    a 
field  reversing  switch  would  not  be 
required,     but     a     field     discharge 
switch     would     apparently    be     re- 
required.     Could  this  be   combined 
with    field    splitting    switch    if    de- 
sired? p.  F.  A.  (Australia) 
It  is   possible  to   separately   excite 
rotary  converters  and  correct   polar- 
ity   would   always   be    obtained.      On 
railway      circuits,      however,      where 
short-circuits  are  common,  the  sepa- 
rate  excitation    would   be   a    decided 
disadvantage  on  account  of  the   fact 
that   the  converter  voltage  would   be 
held    up    by    the    separate    excitation. 
The  field  reversing  switch  would  not 
be     re(|uired.       The     field     discharge 
switch   couhl    be   combined    with    the 
field  break-up  switch.  f.  n.  x. 
995 — Self-Starting   Rotary   Conver- 
ters— .\re   field   splitting  switches 
really    required  ?      Why    are    some 
makers   of    interpole    rotaries    now 
omitting    these    switches    on    quite 
large  sizes  of  machines? 

p.  F.  A.  (AUSTRALIA) 

Whether  field  break-up  switches 
are  required  depends  on  the  relative 
turns  of  armature  and  shunt  field 
winding.  If  the  break-up  switch  is 
omitted,  the  field  winding  must  be  in- 
sulated for  voltages  considerably 
higlier  than  at  present.  If  the  field 
break-up   switch   is   omitted   and    the 
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field  circuit  is  carried  to  the  switch- 
board panel,  the  necessary  insulation 
of  this  circuit  would  be  troublesome 
and  the  presence  of  the  high  voltage 
dangerous.  f.  d.  n. 

996 — Turbo-Excitation — Is  it  us- 
ual to  place  fuses  in  direct-coupled 
exciter  circuits?  State  reasons  for 
and  against  in  case  of  a  turbo- 
rotary  combined  set,  where  ex- 
isting direct-current  supply  is 
used  to  excite  the  alternator 
during  the  period  of  starting  up, 
and  the  exciter  is  cut  in  after 
the  set  has  attained  full  speed. 
It  would  appear  to  be  desirable  to 
place  fuses  in  circuit  to  protect  the 
exciter  not  only  from  defects  in  its 
own  windings  or  the  field  windings 
of  the  alternator,  but  from  possible 
disturbances  or  short-circuits  on 
the  back  of  the  switchpanel,  or  in 
the  breakdown  resistance  which  is 
usually  required  to  reduce  the  ex- 
isting station  voltage  to  the 
voltage  of  the  excitation  circuits, 
p.  F.  A.  (Australia) 

In  general,  it  is  inadvisable  to  place 
fuses  or  other  protective  devices  in 
exciter  circuits.  It  is  considered  bet- 
ter practice  to  run  the  risk  of  dam- 
age_  to  the  exciter  than  the  certainty 
of  interruption  to  generator  voltage. 

F.  D.  N. 

997 — Meter  Readings  With  Incor- 
rect Ratings — What  effect  would 
the  following  conditions  have  on 
the  reading  of  a  wattmeter?  (a) 
A  single-phase  220  volt  circuit  is 
found  metered  in  error  by  a  no 
volt  meter;  what  percent  error 
would  one  expect  to  find  in  the 
reading?  (b)  A  60  cycle,  two- 
phase,  I  100  volt  circuit  is  being 
metered  by  a  2  200  volt  meter, 
and  a  2  200  volt  current  trans- 
former. Would  the  reading  be 
approximately  halved  in  such  a 
case? 

F.  G.  F.   (W.  VA.) 

(a)  A  watt-hour  meter  operating 
on  double  voltage  would  more 
than  probably  be  burned  out  in  a 
short  time.  During  its  operation, 
it  would  probably  register  less 
than  the  correct  amount  of  power, 
due  to  the  high  temperature  of  the 
shunt  coils  and  the  magnetic  satu- 
ration of  the  iron  circuits,  (b)  If 
suitable     constants     are     provided 


with  the  voltage  and  current 
transformers,  the  operation  of  a 
watt-hour  meter  on  one-half  nor- 
mal potential  would  probably  be 
not  very  much  in  error,  l>ut  it 
would  tend  to  register  slightly 
more  than  the  correct  amount  of 
power.  The  amount  of  error  in 
either  of  the  above  cases  would 
depend  considerablj^  upon  the  type 
of  meter  and  could  not  be  predict- 
ed without  knowing  the  meter 
characteristics.  h.  b.  t. 

998 — Generator  for  Charging  Stor- 
age Batteries — Please  state  if  it 
makes  any  difference  what  type 
of  generator  is  used  to  charge 
storage  batteries.  I  was  told 
that  a  compound  generator 
could  not  be  used,  since  the 
storage  batteries  would  dis- 
charge   back    through    the    series 

field.  R.  U.   (new  YORK  ) 

A  compound-wound  generator 
may  be,  and  often  is  successfully 
used  to  charge  storage  batteries. 
There  is  no  danger  of  the  batteries 
discharging  through  the  series 
coils  unless  the  terminal  voltage  of 
the  generator  is  less  than  that  of 
the  battery,  when  the  battery  will 
discharge  through  both  series  and 
shunt  coils.  The  same  condition 
obtains,  however,  for  a  shunt- 
wound  generator.  In  the  case  of 
a  compound-wound  generator, 
driven  by  a  motor,  the  machine 
may  attain  a  dangerous  speed  if 
the  motor  is  disconnected  from  the 
power  circuit,  under  which  condi- 
tion the  set  will  be  driven  by  the 
compound-wound  generator  acting 
as  a  differentially— wound  motor, 
supplied  with  power  from  the 
storage  battery.  However,  the 
speed  depends  on  the  relative 
strengths  of  the  shunt  and  series 
fields.  Absolute  protection  from 
this  condition  may  be  secured  by 
introducing  in  the  generator  cir- 
cuit an  automatic  circuit  breaker 
with  shunt  trio  coil  and  reverse 
curent  relay.  It  is  ordinarily  con- 
sidered desirable  to  charge  a  bat- 
tery from  a  source  of  supply  hav- 
ing a  drooping  voltage  character- 
istic, as  in  this  case  the  generator 
voltage  will  increase  with  the  bat- 
tery voltage  as  the  latter  becomes 
charged,  and  less  personal  super- 
vision of  the  charging  is  required. 

T.  H.  s. 
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999— Electrically  Lighted  Foun- 
tain— One  of  our  consumers  is 
contemplating:  installinj?  an  elec- 
trically lijilited  fountain  in  his 
private  Kiirden.  Please  inform 
us  as  to  where  we  can  find  illus- 
trations of  installations  of  this 
kind;  also  some  information  as 
to  how  these  are  built.  This 
consumer  is  not  going  in  for 
anything  very  elaborate. 

A.  B.  M.   (NEW  YORK  ) 

Such  fountains  may  be  lighted 
by  incandescent  lamps  concealed 
below  glass  plates  with  proper  in- 
verted concentrating  reflectors. 
The  light  may  be  of  various  colors 
and  may  be  controlled  l)y  flashers 
to  change  the  illumination  of 
the  fountain  from  one  color  to 
another.  The  equipment  for  this 
purpose  may  be  purchased  from 
any  supply  jobber  handling  stand- 
ard apparatus.  The  glass  plate 
should  be  above  the  surface  of  the 
water  and  the  reflectors  so  placed 
below  the  glass  plate  as  to  be  pro- 
tected from  the  water  falling  on 
them.  This  may  lie  done  l)y  seal- 
ing the  glass  plate  against  a  cyl- 
indrical compartment  by  means  of 
a  good  tar  or  asphalt  compound 
and  a  felt  gasket,  or  by  a  litharge — 
glycerine  compound.  If  the  elec- 
tric fountain  is  to  be  studded  with 
various  colored  lights  at  the  sur- 
face of  the  water,  water-proof 
sockets  can  be  obtained  from 
various  manufacturers  and  the 
bulbs  located  i)artially  under  the 
water  level.  Illustrations  of  this 
kind  of  lighting  can  be  obtained 
from  various  publications  which 
show  the  illumination  at  the  T'an- 
American  I\.\i)osition  at  Buffalo  in 
1901.  A  particular  example  is 
given  in  the  Jmirnal  of  ILIcctricitv, 
I'ourr  and  (itis  for  Oct.  4th.  loi.^. 
p.   .^ot.  ("..  w.  R. 

loob — Dynamic  Braking  —  W  Ii  a  t 
(lynamio  brakinti  ctTcct  would  I)e 
secured  if  the  primary  of  a  two- 
phase.  220  volt,  squirrel-cage  mo- 
tor be  connected  to  a  no  volt 
direct-current  circuit?  If  this 
could  be  depen<kd  uprm  to  stop 
heavy  machinery  without  shock, 
it  is  proposed  to  use  a  circuit 
breaker  with  over-load  and  no- 
load  voltage  release  attachment 
and  another  switcli  is  to  be  con- 
nected in  series  with  the  no-volt- 


age release  coils  to  shut  off  the 
supply  to  the  motors.  Is  there 
a  device  on  the  market  than  can 
be  used  to  connect  direct  current 
to  the  windings  automatically 
after  the  alternating-current  cir- 
cuit is  opened,  or  is  there  some 
form  of  remote  control  switch 
that  could  be  used  to  better  ad- 
vantage? R.  I>.  f.  (OHIO) 

If  the  primary  of  an  induction 
motor  is  excited  with  direct  cur- 
rent and  the  rotor  is  rotated,  the 
machine  will  act  as  a  synchronous 
generator.  The  regulation  of  such 
a  machine  is  very  poor,  and  the 
Ijraking  effect  obtained  depends 
upon  having  the  correct  relation 
between  the  resistance  in  the  rotor 
circuit,  the  speed  and  the  excita- 
tion. The  continuous  voltage  re- 
quired to  give  full  current  in  the 
priiiiary  circuit  will  probably_  not 
l)e  more  than  three  percent  of  the 
normal  alternating  voltage.  If 
the  secondary  of  the  motor  is 
connected  across  no  volts,  ap- 
proximately 30  times  full-load  cur- 
rent will  flow,  and  the  motor  \vill 
l)e  burned  out.  About  1.25  times 
full-load  current  is  the  practical 
limit  for  a  braking  current  which, 
with  the  rigiit  combination  of 
speed  and  rotor  resistance,  will 
give  approximately  full  -  load 
torque  as  a  maximum.  Tliis  sys- 
tem of  l)raking  cannot  be  used 
with  all  alternating-current  motors, 
due  to  the  large  unbalanced  mag- 
netic forces,  which  are  liable  to 
cause  the  rotor  to  touch  the  stator. 
The  characteristics  of  the  machine 
would  liave  to  be  investigated  be- 
ffire  a  recommendation  could  be 
made,  .\utomatic  controllers  must 
l)e  arrange<l  to  connect  the  direct- 
current  circm't  to  the  motor  after 
the  alternating  current  is  inter- 
rupted. In  general,  a  reliable  nic- 
dianical  brake  for  stopping  the 
motor  and  driven  macliinery.  is 
preferable  to  the  use  of  dynamic 
braking.  See  paper  by  Mr.  H.  C. 
.Specht.  on  "KIcctric  Braking  of 
Induction  Motors"  Proc.  of  .X.I.- 
K.K..  May.  lou.  w.  .s. 

looi — Rotary  Converter  as  Syn- 
chronous Condenser — (a)  Could 
a  300  kw.  500  volt  direct-  cur- 
rent, two-phase.  60  cycle  rotary 
converter  be  used  to  advantage 
to   improve    the   power-factor  of 
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a  6000  kilowatt  load,  the  power- 
factor  of  this  load  being  15  per- 
cent? (b)  Would  this  rotary 
converter  operate  to  better  ad- 
vantage for  power-factor  correc- 
tion with  the  direct-current 
brushes  off,  that  is,  run  as  a 
synchronous   condenser? 

W.  B.  M.  (OTTAWA) 

(a)  Yes;  but  if  it  is  to  be  used  as 
a  rotary  converter,  i.  e.,  to  supply 
direct-current  load  when  over-ex- 
cited, note  precautions  given  in  the 
article  by  Mr.  Nicholas  Stahl  in 
the  Journal  for  February,  1912, 
p.  150.  (b)  Yes;  after  starting  from 
the  direct-current  end  and  synchro- 
nizing, the  direct-current  side 
should  be  disconnected  and  the 
brushes  raised  to  reduce  friction 
losses.  The  machine  becomes  in 
effect,  a  synchronous  motor  with 
revolving  armature.  Sufficient  field 
excitation  will  then  probably  be 
possible  to  allow  the  full  rated  ca- 
pacity to  be  used  for  correcting 
the  power-factor  of  a  6000  kilo- 
watt load  at  75  percent  lagging,  to 
about  77.5  percent.  See  article  in 
The   Journal   for   October,   1911,   p. 

1002 — Storage      Battery     Trays  — 

Kindly  let  me  know  the  best 
method  for  preparing  wooden 
trays  and  racks  that  are  intended 
for  storage  battery  installations, 
so  that  they  will  not  be  destroy- 
ed by  the  electrolyte. 

F.  J.  C.  (PENNA.) 

The  best  wooden  trays  and 
racks  for  storage  battery  installa- 
tions are  made  of  the  highest 
grade  of  long  leaf  yellow  pine. 
The  trays  are  dove-tailed  and 
doweled  so  that  no  metal  is  used 
in  their  construction;  in  the  racks 
the  same  constuction  is  used  with 
the  exception  that  several  tie  bolts 
are  necessary;  in  both  cases  the 
wood  is  given  several  coats  of 
paint  having  an  asphaltum  base, 
lioth  before  and  _  after  assembly 
for  protection  against  the  electro- 
lyte. The  use  of  wooden  trays, 
however,  is  becoming  obsolete,  as 
trays  of  pressed  glass  have  proven 
much  more  serviceable.  H.  L. 

1003 — Recharging  Permanent  Mag- 
nets— Please  advise  if  a  magnet 
could  be  wound  for  a  six  volt, 
25  ampere  current,  that  would  be 
sufficient  for  recharging  magnets 
on    a    magneto   used    on    gas    en- 


gines. If  so,  please  advise  the 
necessary  amount  of  iron,  and 
size   and   number  of  turns  of  wire. 

E.  M.   (INDIANA) 

The  design  of  a  magnet  to  oper- 
ate on  six  volts,  25  amperes  will 
depend  upon  the  shape,  size  and 
reluctance  of  the  magnets  to  l)e 
treated.  To  meet  the  conditions  call- 
ed for,  a  soft  iron  core  should  l)e 
made  of  about  the  same  size  as  the 
magneto  iron,  and  wound  with  as 
many  turns  as  possible  of  copper 
wire;  the  size  of  the  wire  to  be 
such  that  the  total  resistance  will 
be  0.24  ohm.  The  iron  should  be 
hammered  while  the  current  is 
flowing.  I  many  cases  the  wind- 
ing can  be  more  profitably  put  di- 
rectly on  the  magnet  to  be  mag- 
netized, and  the  air-gap  at  the 
armature  end  bridged  with  soft 
irnn.     Sec  also  No.  438.  l.  c.  w. 

1004 — Air  Circulation  for  Wood 
Drying  Kiln — What  is  essential 
in  the  way  of  air  circulation  for 
a  good  wood  drying  kiln?  Take 
an  actual  installation  in  a  drying 
room  75  by  35  by  14  ft.  of  wood, 
where  no  circulation  is  now  had 
at  all.  The  entire  exhaust  of  a 
16  by  36  in.,  no  hp,  90  r.p.m. 
non-condensing  engine  and  also 
a  2  in.  line  of  live  steam  is  run 
into  coils  in  the  dry  room  and 
still  no  good  results  are  obtain- 
ed. The  lumber  usually  dried  is 
no  thicker  than  one  inch.  What 
would  you  advise  in  the  way  of 
changes  in  such  a  room  to  get 
more  efficient  drying? 

F.  G.  F.   (Vv^.  VA.) 

No  possible  amount  of  heat  will 
dry  out  lumber  unless  there  is  an 
accompanying  circulation  of  air  to 
carry  away  the  moisture.  Correct 
drying  of  lumber  cannot  he  done 
rapidly  and  moist  air  is  frequently 
circulated  through  the  dry  kiln  at 
the  same  time  the  temperature  is 
gradaully  increased  with  the  idea 
of  drivin  all  the  pitch  or  tar  out  of 
the  wood  before  it  is  dried,  this 
process  involving  two  or  three 
days'  time.  By  suitably  arranging 
the  source  of  heat,  it  is  usually  pos- 
sible to  cause  a  circulation  of  the 
air  through  the  effects  of  the  heat- 
ers alone.  If  this  is  not  possible, 
some  form  of  fan  must  b^  installed. 
It    is    impossible    to    give    specific 


THE  JOURNAL  QUESTION  BOX 


i3<' 


recommendations  without  know- 
ing the  kind  of  lumber,  and  the 
size  and  arrangement  of  the  kiln. 

c.  W.  1). 
1005 — Gas  Meter— Wlij-  is  it  that 
a  gas  meter  will  register  differ- 
ently for  the  same  amounts  of 
gas  (cubic  feet)  when  passed 
through  the  meter  at  different 
rates?  For  example,  when  gas 
is  passing  through  the  meter  at 
the  rate  of  150  cubic  feet  per 
hour,  the  meter  reading  may 
check  with  the  prover  reading, 
but  when  gas  passes  through  the 
meter  at  the  rate  of,  say  30  cubic 
feet  per  hour,  the  meter  and 
prover  readings  may  not  check 
within  ten  percent.  What  is  the 
reason?  c.  x.  o.  (coLo.) 

.•\ssuming  that  the  meter  was 
clean  and  the  working  parts  not 
damaged  or  deranged  either  from 
transportation  or  other  causes,  and 
that  the  meter  had  not  been  in 
service,  it  should  have  shown  the 
same  degree  of  accuracy  at  both 
flows  mentioned,  and  if  it  does 
not,  it  is  quite  likely  the  valves 
have  not  been  set  and  timed  prop- 
erly. However,  the  trouble  can  be 
overcome  by  resetting  the  valves 
and  making  the  proper  adjustment 
l)y  the  tangent.  Of  course,  if  the 
meter  has  been  in  service,  there 
are  a  numl)er  of  reasons  why  it 
might  become  inaccurate,  such  as 
dirt  or  other  foreign  substance  on 
the  valves,  or  a  perforated  dia- 
l>hragm  or  undue  friction  caused 
1)V  dirt  in  the  bearings.  \.  •;.  11. 

1006 — Star  Connected  Auto-Trans- 
formers —  We  liave  a  small 
three-phase  delta  wound  gener- 
ator, which  is  to  be  used  for 
testing  purposes.  It  is  desired 
to  connect  it  to  three  star  con- 
nected auto-transformers  as 
shown  in  Fig.  ioo6(l)),  and  to 
load  up  between  the  common 
point  and  suitable  taps.  But.  as 
expected,  wc  are  unable  to  keep 
the  comon  point  in  its  neutral 
position;  thus,  with  a  comi)ara- 
tively  light  load  on  one  phase 
only,  our  voltages  (between  com- 
mon point  and  outside  of  the 
phases)  become  resjjcctively  150 
percent.  130  percent,  and  70  per- 
cent of  the  normal  voltage,  the 
voltage  of  the  loa<lcfl  phase 
being  the  lowest.  The  angular 
relations  between  phases  hcconie 


distorted  in  a  similar  way.  Will 
you  kindly  show  by  vectors  or 
otherwise  what  causes  the  com- 
mon point  to  change,  and  whicii 
factors  determine  its  position? 
Willi  the  generator  delta  wound, 
is  there  any  way  of  obtaining  an 
absolute  or  even  a  reasonable 
stability  of  the  common  point  of 
the  transformers? 

s.  s.  H.  (mf..\uo) 
This  effect  in  general  is  the  same 
as  connecting  two  transformers  in 
series  on  a  single-phase  circuit 
and  taking  load  from  one  of  them, 
as  indicated  in  Fig.  1006(a).  the 
connections  for  three-phase  being 
as  indicated  in   Fig.   1006(b).     The 
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KU..  KMM;   (11),   (b)   and   (c) 

extent  of  unl)alancing  of  voltage 
will  depend  upon  the  relative  val- 
ues of  the  impedances  of  the  three 
transformers  and  upon  the  amount 
and  power-factor  of  the  load. 
There  is  no  way  of  obtaining  a 
reasonable  stal)ility  of  the  com- 
mon point  of  the  transformers 
with  ordinary  star  connected  auto- 
transformers.  .\n  auto-transformer 
may  be  connected  by  an  inter-con- 
nected "Y"  connection,  as  shown 
in  Fig.  1006(c)  (see  Xo.  851)  and 
the  neutral  point  will  be  maintained. 
However,  it  is  much  l»ettcr  to  use 
regular  transformers  and  connect 
tliem  delta-star,  in  which  case  the 
neutral  point  of  the  star  can  be 
maintained.  c  F 
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Having  been  responsiI)le  for  the  con- 
struction    of     tile      first     successful 
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Ciiass  Company,  being  secretary  of 
that  Company  when  a  consolidation 
took     place     in     i8«.»,     uniting     the 


Thomas  Evans  Glass  Cornpany  and 
tile  George  A.  Macbeth  Glass  Com- 
pany. ^ir.  PLvans  then  became  sec- 
retary of  tlie  Macbeth-Evans  Glass 
Company. 

S.  W.  Earns  WORTH  (Worcester 
Polytech.  Inst.)  l>egan  engineering 
work  at  the  Underwriters'  Laljora- 
tories,  Chicago,  111.,  where  he  re- 
mained until  Sei)tember,  i<^x>,  when 
lie  came  to  the  Electric  Company  as 
liigli  voltage  specialist  in  the  trans- 
former engineering  department. 

A.  B.  FiKi,D  (Fin-sbury  Technical 
C<illege,  London,  and  St.  John's  Col- 
lege. Cambridge),  in  Kpo.  joined  the 
engineering  staff  of  tiie  British 
Tiiompson  Houston  Com|)any  and 
was  engaged  on  the  London  "tube" 
railway;  later  was  transferred  to  the 
American  works  of  the  Cieneral 
I'^lectric  Company,  at  Sclienectady ; 
in  i<X)4  joined  tlie  Bullock  Electric 
Manufacturing  Company,  of  Cincin- 
nati, having  charge  of  the  alter- 
nating-current design  work  until  the 
end  of  looX;  in  IOO<^  took  present 
position  with  the  Electric  Company 
in  the  power  division  of  the  engi- 
neering departnunt. 

*B.  F.  FisMKK,  Jr.,  commercial  en- 
gineer, W'estinghouse  Lamp  Com- 
pany. 

F".  J.  Foi-KV  (Pratt.  Inst.),  after 
conii)leting  tiie  ai»prenticeship  course 
witli  tiie  i''lectric  Comi)any,  was  with 
the  Niagara.  Lock|)ort  &  Ontario 
Power  C'oinpany  in  the  high  tension 
operating  department;  witli  tiie 
l'"lectric  Company  in  the  industrial 
and  i)ower  sales  department  on  min- 
ing applications,   i'K>)  to  date. 

*C.  FoKTKSciK.,  transformer  divis- 
ion, engineering  department,  IClectric 
Comi>any. 

W.  S.  Fran  Kits  (Univ.  of  Kan- 
sas. '87)  took  one  year  of  gra<luate 
study  at  the  University  of  Kansas, 
one  year  at  the  University  of  Berlin, 
one  Vear  at  Harvard  and  two  years 
at  Cornell ;  received  tiie  degree  D.Sc. 
from  Cornell  I'niversity  in  uxil  ;  as- 
sistant professor  of  physics.  I'jiiver- 
sitv  of  Kansas.  i887-i8«io:  professor 
of' physics  and  electrical  engincerintr. 
State  College  of  Iowa.  l8<»J-lSi)7; 
professor  of  physics  and  electrical 
engineering  at  Lehigh  I'niversity, 
l8<;7-KKiJj;    professor    of    physics    at 
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Lehigh  University,  1903  to  date ; 
honorary  member,  Kansas  Academy 
of  Science ;  past  president,  Iowa 
Academy  of  Science ;  fellow  A.  A. 
A.  S.  (past  chairman,  physics  sec- 
tion) ;  member  American  Physical 
Society ;  A.  I.  E.  E. ;  American 
Mathematical  Society;  joint  author, 
"Elements  of  Physics,"  three  Vols.; 
"Elements  of  Electrical  Engineer- 
ing," two  Vols. ;  "Dynamos  and  Mo- 
tors"; "Electric  Lighting";  "Calcu- 
lus." Has  contributed  numerous 
scientific  papers  to  American  Jour- 
nal of  Physics;  Physical  Review  and 
Journal  of  the  Franklin  Institute  and 
to  the  American  Institute  of  Elec- 
trical Engineers. 

G.  Brewer  Griffin,  after  special 
commercial  law  courses  in  Boston, 
and  business  training  under  the 
senior  partner  of  Katelle  Company, 
Boston,  entered  the  employ  of  the 
Thompson  Houston  Electric  Com- 
pany, 1889,  and  occupied  success- 
ively positions  of  special  finished 
stock  manager,  assistant  manager 
of  expert  department  and  expert  de- 
partment manager ;  in  1894,  took  a 
position  with  the  Narragansett  Elec- 
tric (Illuminating)  Company.  Provi- 
dence, R.  I.,  rebuilding  the  existing 
lines  and  rearranging  the  transform- 
ing and  distributing  system  ;  in  1895, 
entered  the  electrical  contracting 
business  to  a  limited  extent ;  in  1896, 
took  charge  of  the  jobbing,  contract- 
ing and  new  business  department  of 
the  Elmira  (N.  Y.)  Municipal  Im- 
provement Company,  having  to  do 
with  general  contracting  and  supply 
business  in  connection  with  street 
railway,  gas  and  electric  lighting,  as 
well  as  water  works  plants  ;  in  1900, 
took  a  position  as  special  general 
representative  for  the  Manhattan 
General  Construction  Company,  and 
in  1901,  established  a  New  Eng- 
land office  for  them,  taking  charge 
of  it  until  this  company  was 
taken  over  by  the  Westinghouse 
Electric  &  Mfg.  Company  in  1901,  at 
which  time  he  was  transferred  to  the 
Boston  sales  office  of  the  latter  com- 
pany; in  1902,  was  transferred  to 
East  Pittsburgh  as  assistant  manager 
of  _  the  detail  and  supply  department, 
being  promoted  to  present  position  as 
manager  in  1909. 

*David  Hall,  power  division,   en- 


gineering department.   Electric  Com- 
pany. 

*H.  K.  Hardcastle,  railway  divis- 
ion, engineering  department.  Elec- 
tric Company. 

*F.  W.  Harris,  consulting  engi- 
neer, Los  Angeles,  California. 

*P.  N.  Harrison,  industrial  and 
power  sales  department,  Electric 
Company. 

*J.  M.  HiPPLE,  engineer  in  charge, 
industrial  division,  engineering  de- 
partment, Electric  Company. 

Sam'l.  G.  Hibben,  (Case  School  of 
Applied  Science,  '10),  chief  illumi- 
nating engineer  with  Macbeth-Evans 
Glass  Company,  Pittsburgh,  Pa.,  1910 
to  date. 

*Francis  Hodgkinson,  in  charge 
steam  turbine  engineering  depart- 
ment, Westinghouse  Machine  Com- 
pany. 

F.  L.  Hutchinson  (Cornell 
Univ.,  '93)  ;  with  Westinghouse 
Electric  &  Mfg.  Co.  at  Newark, 
Pittsburgh  and  New  York,  1893- 
1901  ;  manager  publication  dept.  C. 
W.  Hunt  Company,  New  York,  1901  ; 
manager  electrical  sales  dept..  Na- 
tional Electric  Co.,  Milwaukee,  1902- 
3  ;  with  American  Institute  of  Elec- 
trical Engineers  since  1904  (assist- 
ant secretary,  1908-1 1 ;  secretary, 
1912  to  date). 

*R.  P.  Jackson,  research  division, 
engineering  department.  Electric 
Company. 

J.  L.  Jones  (Ohio  State  Univ., 
'90),  worked  for  three  months  after 
graduation  with  Dr.  N.  W.  Lord, 
state  chemist  of  Ohio;  then  was  as- 
sistant chemist  with  Junction  Iron  & 
Steel  Co.,  Mingo  Junction,  O.  In 
1892  became  chief  chemist  of  the 
West  Penn  Steel  Works,  Allegheny, 
Pa.,  and  Leechburg,  Pa.  From  1893 
to  1903  was  connected  with  the  ship 
and  engine  building  firm  of  William 
Cramp  &  Sons,  Philadelphia,  Pa. 
While  there  organized  and  had 
charge  of  the  chemical  and  physical 
laboratory  of  that  company.  From 
1903  to  date  with  the  Electric  Com- 
pany as  metallurgist  and  chemist  for 
the  research  engineering  department. 

W.  J.  Kaup,  on  completion  of  the 
high  school  course,  took  up  a  study 
of  telegraphy  in  connection  with  rail- 
road work,  and  after  an  apprentice- 
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ship  course  witli  the  PIiila(klpliia  & 
Kiading  KailroaiJ,  in  the  macliiiK- 
shops,  has  held  positions  as  tool 
maker  witli  the  Pennsylvania  Dia- 
mond Drill  &  Mi^.  Company;  drafts- 
man and  desij^ner  witli  tlie  same  com- 
pany and  general  foreman  with 
Philadclpliia  Lock  Company;  on 
completion  of  mechanical  engineer- 
ing course  at  Cornell  University,  ac- 
cepted a  position  as  mechanical  en- 
gineer for  United  States  govern- 
ment ;  since  leaving  tliis  position,  has 
held  positions  as  inspector  of  Japa- 
nese government  locomotives ;  gen- 
eral superintendent  of  tiie  H.  T. 
Paiste  Electric  Company ;  manager 
of  works,  Blair  Tool  &  Machine 
Company ;  head  of  machine  construc- 
tion department  at  Pratt  Institute ; 
present  position,  manager  of  works 
department,  Electric  Company,  in 
charge  of  small  tool  development  and 
design. 

B.  W.  Kerr  (Princeton  Univ., 
'06;  E.E.,  Princeton,  '08)  ;  worked  in 
direct-current  section,  power  division, 
engineering  department,  Westing- 
house  Electric  &  Mfg.  Co.,  lOoiS- 
n>io;  then  in  tiie  engineering  depart- 
ment of  tiie  Pittsl)urgh  Ivailway 
Company,  until  the  winter  of  I910. 
Since  1910,  with  the  Railway  &  In- 
dustrial Engineering  Co.  as  assistant 
manager,  and   later  as   manager. 

C.  \V.  KiNC.Mi)  (Univ.  of  Put., 
'10)  entered  the  student  engineering 
course  of  the  W  E.  &  M.  Co  directly 
after  graduation ;  later  accepted  a 
position  as  designing  engineer  on 
induction  motors  and  induction  regu- 
lators, where  he  is  now  employed. 

*S.  M.  KiNTNER,  general  manager. 
National  Electric  Signaling  Com- 
pany, Pittsl>urgh,   Pa. 

NioRKis  Knowles  (.Mass.  Inst,  of 
Tech.,  '91  ),  i8<>i  to  i8f)3,  assistant 
engineer.  East  Jersey  Com|)any,  Pat- 
terson, Montclair  and  Newark.  N',  J., 
l8<;3  lo  lH<)7,  assistant  engineer, 
Massacliusetts  State  Board  of  Health 
and  Boston  Metropolitan  Water 
Board,  investigations  for  a  new  wa- 
ter supply  for  Boston  and  vicinity; 
lS<»7  to  UKii,  engaged  upon  investiga- 
tii-ns  for  new  water  supplies  for 
IMiiladelphia  anad  New  S'ork  City 
an«l  in  charge  of  filtration  expcrt- 
ments  at  Philadelpliia :  njoi  to  loio. 
engineer  in  charge  of  lUireau  of  Fil- 
tration,  Pittsburgh,  design  and  con- 


struction f»f  slow  sand  tdtration  sys- 
tem and  additions  and  improvements 
to  tile  water  supply  system ;  i8g6  to 
Kjoo,  engineer  member,  Lawrence, 
Mass.  water  hoard,  design  and  ad- 
vi.sory  supervision  of  additional  fil- 
ter at  Lawrence  in  1907;  since  1901 
general  consulting  engineering  prac- 
tice; specialties,  waterworks,  sewer- 
age and  sanitation ;  since  1908. 
member  of  engineering  committee  of 
Pittsburgh  Flood  Commission,  mak- 
ing studies  concerning  flood  condi- 
tions in  the  Allegheny  and  Monon- 
gahcla  river  valleys  and  means  of 
jtrotection  and  prevention ;  since 
191 1,  professor  and  director  in 
charge  of  department  of  sanitary 
engineering.  University  of  Pitts- 
burgh. 

C.  F.  L.vCoMBE.  ciiief  engineer,  de- 
partment of  water  supply,  gas  and 
electricity.  New  York  City. 

*B  G.  Lam  ME.  chief  engineer. 
Electric  Company,  chairman,  pub- 
lication   committee.    The    Electric 

J(JUK.\.\L. 

AxTo.v  Lederer.  general  manager 
and  teclinical  director,  Westinghon.e 
Mettailfaden  Cdiililampenfabrik.  Vi- 
enna, .Vustria. 

♦Bernarp  Lester,  commercial  en- 
gineer in  charge  of  small  motor  ap- 
jilications.  industrial  and  power  sales 
dei)artnient,    I'!lectric    Comjiany. 

L.  V.  Lkwis  (Cornell  Univ.,  '05), 
after  graduation  worked  for  the 
Rowland  Telegraiihic  Comjiany ; 
.since  ii>(H)  with  tlie  Union  Switcli  & 
Signal  Company,  engaged  in  the  de- 
sign of  alternating-current  signaling 
apparatus  and  for  the  past  year  in 
the  development  of  automatic  train 
control. 

♦P.  Nf.  Lincoln,  general  division, 
engineering  department.  Electric 
Company;  publication  committee. 
The  Electric  Journal. 

*T.  D.  LvNt  h.  research  division, 
engineering  department.  Electric 
Company. 

F.  C.  Lynch  (Univ.  of  K.iii-.t>. 
'11)  entered  the  employ  of  the  Elec- 
tric Company  in  loil  as  student  en- 
gineer; since  January.  loi.v  in  the 
works  management  department,  in 
connection  witli  the  installation  of 
modern  production  systems. 

*J.  N.  MviioNfY.  switcliboard  di- 
vision, engineering  department.  I"lec- 
Iric  Company. 
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J.  E.  Mateer  (Franklin  and  Mar- 
shall College,  '97 ;  two  years  Penn. 
State,  '<)u-'oi),  special  apprentice 
with  the  Electric  Company,  Sept.  '01, 
xnitil  Oct.,  '02 ;  then  took  up  work  of 
transformer  insulation  design,  taking 
full  charge  of  this  work  in  igo6;  de- 
veloped the  present  line  of  outlet 
leads  used  on  outdoor  apparatus  of 
high  voltage,  such  as  transformers, 
circuit  breakers  and  lightning  ar- 
resters. 

*W.  M.  McCoNAHEY,  engineer  in 
charge,  transformer  division,  engi- 
neering department.  Electric  Com- 
pany. 

*A.  H.  McIntire,  editor  and  man- 
ager, The  Electric  Journal. 

H.  F.  McLane,  after  leaving  high 
school,  took  up  the  study  of  account- 
ing at  the  University  of  Pittsburgh; 
for  the  past  six  years  with  the  Elec- 
tric Company,  first  as  chief  cost 
clerk  in  the  railway  and  control  di- 
vision, and  for  the  past  two  years  on 
the  staff  of  the  director  of  works  ac- 
counting. 

*J._  Franklin  Meyer,  formerly 
physical  engineer,  Westinghouse 
Lamp  Company;  since  July  16,  1913, 
associate  physicist,  Bureau  of  Stand- 
ards, Washington,  D.  C. 

R.  W.  E.  Moore  (Mass.  Inst,  of 
Tech.,  'o4-'o6)  entered  the  drafting 
department  of  the  Electric  Company 
m  1906;  later  entered  the  research 
engineering  department  where  he  is 
now  employed. 

J.  C.  MuNN  (Denison  Univ.,  '11), 
for  a  short  period  was  employed  at 
Hettrick  Brothers  Company,  To- 
ronto, Ohio;  in  October,  191 1,  en- 
tered the  employ  of  the  Electric 
Company,  in  the  editorial  division  of 
the  publicity  department ;  in  October, 
1913.  took  up  work  in  the  advertising 
department  of  the  Railway  Age- 
Ga.zctte. 

*Wm.  Nesbit,  New  York  district 
office,  Electric  Company. 

*F.  D.  Newbury,  engineer  in 
charge,  power  division,  engineering 
department.  Electric  Company;  asso- 
ciate editor,  The  Electric  Journal. 

J.  A.  Olnhausen  (Carnegie  Inst, 
of  Tech.,  '08)  served  a  two  year  ap- 
prenticeship course  with  the  Electric 
Company.     Since  then  in  the  indus- 


trial and  power  sales  division,  hand- 
ling textile  applications. 

R.  S.  Orr,  (Washington  &  Jefifer- 
son  College  '91),  resigned  the  posi- 
tion of  principal  of  the  Ninth  ward 
school,  Allegheny,  Pa.,  in  1904  to 
become  general  contract  agent  of 
the  Allegheny  County  Light  Com- 
pany. With  this  company  he  has 
later  held  positions  of  acting  gen- 
eral superintendent,  general  superin- 
tendent and  general  manager,  which 
is  his  present  position.  Mr.  Orr  is 
also  president  of  the  Pittsburgh  Re- 
inforced Pole  Company.  He  is  a 
member  of  the  Eng.  Soc.  of  W. 
Penna. ;  The  American  Electro- 
Chemical  Society  and  the  A.  I.  E.  E. 
He  was  president  of  the  Penn.syl- 
vania  Electrical  Association  1911-12; 
and  is  now  on  the  executive  com- 
mittee of  the  Pennsylvania  Electrical 
Association  and  also  of  the  National 
Electric  Light   Association. 

*W.  F.  Patton,  Jr.,  industrial  and 
power  sales  department,  Electric 
Company. 

*J.  S.  Peck,  consulting  engineer, 
British  Westinghouse  Elec.  &  Mfg. 
Company;  associate  editor.  The 
Electric  Journal. 

*T.  S.  Perkin.s,  engineer  in  cliarge, 
detail  and  supply  division,  engineer- 
ing department,  Electric  Company. 

G.  Pontecorvo  (LTniv.  of  Rome, 
London  Central  Technical  College) 
served  in  the  laboratories  of  Bruce, 
Peebles  &  Company,  of  Edinburgh, 
.Scotland,  testing  electrical  apparatus  ; 
with  the  British  Westinghouse  Elec- 
tric &  Mfg.  Company,  Ltd.,  testing 
and  designing  direct  and  alternating- 
current  apparatus.  For  the  last  four 
years  with  the  Electric  Company  at 
East  Pittsburgh,  as  designer  of  in- 
duction motors  and  on  development 
work  on  direct-current  apparatus. 

J.  C.  Pole,  chief  engineer,  Cooper- 
Hewitt  Electric  Company. 

*A.  G.  PopcKE,  industrial  and 
power  sales  department,  Electric 
Company. 

*D.  C.  Pultney,  manager  of  works 
department.  Electric  Company. 

*K.  C.  Randall,  engineer  in 
charge,  switchboard  division,  engi- 
neering department.  Electric  Com- 
pany. 
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Hakky  a.  Rai'KLVi:  (Mass.  Inst,  of 
Tech.,  '08)  was  cniployt'd  during  col- 
K'fic  coiirsf  in  tlif  ^iasnliiu-  motor  dc- 
j)arlnuiil  of  tlic  I'.lictric  V'cliiclf 
Company;  upon  graduation  took  tlu- 
position  of  assistant  to  tlic  president 
of  Massacluisetts  Institute  of  Tech- 
nology, uliicli  lie  occui)ied  until  i')0<), 
when  lie  entered  the  sales  deiiartment 
of  the  Wostinghouse  Machine  Com- 
pany; since  i';'-.  commercial  engi- 
neer with  the  latter  company,  in 
charge  of  publicity  work. 

*.\.  B.  Kky.nkkks,  director  of  pro- 
duction,  Electric   Company. 

♦A.  E.  RicKARo.s,  general  manager. 
Industrial  Engineering  Company, 
Pittshurgh,    Pa. 

*Chas.  K.  Riker,  technical  editor, 
The  Electric  Joi'rnal. 

♦Georce  W.  Roo.sa,  detail  and  sup- 
ply sales  department.  Electric  Com- 
pany. 

*B.  P.  koWE,  switchboard  division, 
engineering  department.  Electric 
Company. 

*C.  H.  Sanderson',  electrical  engi- 
neer, Havana  Railway,  Liglit  & 
Power  Co.,  Havana,  Cul)a. 

*G.  B.  Sciioi.i..  consulting  engi- 
neer, Westinghouse   Lamj)   Company. 

*CnAS.  F.  S(<>TT.  i)rofessor  of  elec- 
trical engineering,  SlietVield  Scientific 
.School,  Vale  University;  associate 
editor,  The  Ei.eitric  JurKXAi,. 

Wirt  S.  S«  ott  (Ohio  State  Univ.) 
held  positions  from  muk)  to  i<x)8  as 
assistant  in  an  electrical  laboratory 
and  as  assistant  to  a  master  elec- 
trician. From  iijoX  to  lolo  electrical 
engineer  with  tlie  McKeever  Electric 
Company,  Columlius.  Ohio;  later 
general  manager  of  McKeever  Engi- 
neering &•  Construction  Company; 
superintendent,  Municipal  l-'lectric 
Light  and  Power  Plant,  Cohnnhus. 
Ohio;  since  IQII,  general  engineer 
on  power  i)lant  installations  with  the 
Electric   Compan\. 

R.  Seviioi.I)  (Purdue  Univ.,  '07) 
entered  the  apprenticeship  course  of 
the  \V.  E.  &•  M.  Co.  in  Hjo?.  and  on 
its  comi)letioii  took  a  ])osition  in  tlie 
railway  and  liglit  ing  sales  depart- 
ment in  the  price  division;  now  heail 
of  this  division;  junior  past  presi- 
dent, the  Westinghouse  Club. 


*C.  E.  Ski.nnkr,  engineer  in  cliarge, 
research  division,  engineering  depari- 
nieiit.  Electric  Company,  associate 
editor,  The   ELEtTKK    Joir.nai.. 

Be.nja.mi.v  11.  Smith  (ShelTield 
Scientific  School,  '10),  ai)i)rentice- 
siiii)  C(nirse  of  the  Electric  Company. 
10H)-H)I2;  then  entered  switchboard 
engineering  division;  after  a  lev/ 
months  at  this  work,  took  his  present 
position  as  engineer  on  ])rotective 
relay  applications. 

E.  M.  S.MiTM,  after  a  business  col- 
lege course,  started  as  an  a|)i)rentice 
in  the  electrical  contracting  business ; 
in  Kjoo,  he  was  connected  with  the 
New  York  Telephone  Company  as 
inspector  of  service;  in  1002,  as- 
sumed the  same  duties  with  the  San 
Francisco  Telephone  Company; 
after  two  years'  service,  entered  the 
employ  of  the  Porter-Gribble  Com- 
pany. San  l-'rancisco,  as  manager  of 
the'  electrical  contracting  depart- 
ment ;  in  1906.  was  made  manager  of 
the  Oakland  branch  of  the  Xernst 
Lamp  Com|)any;  manager  of  the 
ligliting  division  of  tlie  Cleveland  of" 
lice  of  the  Westinghouse  l*'lectric  & 
Mfg.  Company,  HxxMQij;  at  the 
present  time,  general  manager.  Multi- 
Lux  Illuminating  Companv.  Cleve- 
land,  Ohio. 

*.\.  STAHt,,  commercial  engineer  in 
charg*',  general  contract  division, 
railw.iy  and  lighting  sales  depart- 
ment, I'.lectric  Comi)any. 

C.  W.  .Starker  (Technical  Col- 
lege of  Stuttgart.  '01),  apprenticeship 
course  witli  the  .\ugsl)urg-Nurem- 
liurg  .Maciiine  Company,  ]iH>l-\'H>2; 
witli  tile  I'llectric  Company.  Kxu- 
IU03:  with  the  Western  l'"lectric 
Company,  nx).Vi<x)5;  with  Electric 
Company,  hk);  to  date,  in  the  indus- 
trial engineering  division  of  the  en- 
gineering department,  where  he  has 
I)een  ideiuified  with  the  develojiment 
of  alternating-current  and  ilirect- 
current  industrial  motors  of  the  steel 
frame  ty|)e. 

H.  O,  Sw()iu>i)A  (Technical  High 
Schools  at  Dresden.  Hanover, 
Darmsdat  ami  Charlottenliurg ).  con- 
nected witli  -Siemens  &•  Hal.skc  for 
two  years;  came  to  .\merica  in  lS«)2 
as  electrical  engineer  with  the  Gen- 
eral Incamlescent  .Arc  Light  Com- 
pany of  New  York;  was  chief  engi- 
neer as  well  as  general  superintend- 
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ent  during  the  last  few  years  with 
this  company;  from  1899  to  1907,  en- 
gaged in  the  manufacture  of  switch- 
boards, arc  lamps  and  small  motors. 
Took  up  consulting  work  at  the  close 
of  1907,  maintaining  an  office  at 
New  York.  During  1909  built  and 
equipped  a  factory  for  manufactur- 
ing electrical  specialties  for  a  supply 
house  in  New  York  City.  During 
1910  and  1911,  assistant  section  su- 
perintendent of  the  Electric  Com- 
pany; 1912  to  date,  consulting  engi- 
neer, Pittsburgh.  Pa. 

Frank  M.  Tait,  after  leavmg 
school,  served  as  private  secretary 
and  assistant  to  the  president  of  the 
Davies  &  Thomas  Company  of  Cata- 
sauqua,  Penna. ;  designed  and  rebuilt 
the  Catasauqua  Electric  Light  & 
Power  Company  and  the  Catasau- 
qua Gas  Company ;  also  the  Somerset 
Lighting  Company,  covering  the  en- 
tire gas  and  electric  service  for 
Somerville,  Raritan  and  Bond  Brook, 
N.  J.;  director  and  manager  of  the 
New  London  Gas  &  Electric  Com- 
pany of  New  London,  Conn.,  this 
company  supplying  all  the  gas  and 
electric  service,  and  operating  ma- 
chine shops,  boat  repairing  work, 
etc.,  in  that  district ;  _  designed  and 
reconstructed  the  entire  system  of 
the  Dayton.  Ohio,  lighting  company, 
and  is  now  engaged  in  tying  in 
the  outlying  cities  and  towns  to  the 
Dayton  property;  president  and  gen- 
eral manager  of  the  Dayton  Power  & 
Light  Company.  Dayton.  Ohio ;  the 
Miami  Light,  Heat  &  Power  Com- 
pany, Piqua,  Ohio;  the  XeniaGas  & 
Electric  Company.  Xenia.  Ohio,  and 
the  Wilmington  Water  &  Light  Com- 
panv,  Wilmington,  Ohio  ;  past  presi- 
dent, N.  E.  L.  A. ;  fellow,  A.  I.  E. 
E. ;  member  American  Gas  Insti- 
tute ;  member  Franklin  Institute ; 
member  I.  E.  S. ;  director  Electric 
Vehicle  Association  of  America. 

*W.  A.  Thomas,  in  charge,  min- 
ing applications,  industrial  and  power 
sales   department.   Electric   Company. 

E.  R.  Treverton  (Lehigh  LTniv.. 
'07).  after  graduation,  was  an  engi- 
neering apprentice  at  the  Denver  Gas 
&  Elec.  Company  until  1908 ;  instruc- 
tor in  the  physical  laboratory  at  Le- 
high University,  and  teacher  of 
mathematics  and  physics  at  Shippens- 
burg.  Pa.,  high  school  for  two  years. 
Entered    apprentice    course    of    the 


Electric  Company  ;  transferred  to  the 
illuminating  engineering  department 
of  the  Westinghouse  Lamp  Com- 
pany, January,  191 i;  in  charge  of 
this  department  until  August,  1913 ; 
at  present  with  the  Lighting  Eng- 
neering  Service  Co.,  New  York  City. 

S.  Trood,  graduated  from  the  Im- 
perial Technical  Schools  of  Russia, 
subsequently  taking  post-graduate 
work  in  technology  at  Vienna,  Aus- 
tria and  Zurich,  Switzerland,  after 
which  he  was  sent  abroad  on  in- 
vestigation projects  by  the  Russian 
government.  This  work  was  fol- 
lowed by  consulting  engineering 
projects  with  many  of  the  largest 
firms  in  Russia,  and  at  one  time  he 
was  connected  with  Krenienetzky- 
Maeyr  Co.  and  the  Schuckert  Elec- 
tric Co.,  of  Vienna.  During  this 
period  he  obtained  concessions  and 
built  several  large  trolley  lines  such  as 
the  Ekaterinoslaw  Railway;  and  for 
the  government  was  active  in  the  in- 
vestigation and  application  of  elec- 
tricity to  various  industries,  such  as 
the  purification  of  oils  and  wax  for 
the  candle  making  industry,  and  re- 
fining processes  for  the  government 
distilleries,  as  well  as  devoting  con- 
sideral)le  time  to  the  installation  of 
the  illumination  of  several  cities  in 
celebration  of  the  coronation  of 
Nicholas  II  as  Czar  of  Russia;  came 
to  the  United  States  in  1902,  and  in 
order  to  learn  the  language  and  be- 
come acquainted  with  industrial  con- 
ditions took  a  job  as  day  laborer, 
afterwards  occupying  positions  as 
tool  maker,  electrician  and  superin- 
tendent of  construction  with  several 
New  York  concerns,  eventually  or- 
ganizing and  acquiring  control  of 
the  Trood  Realty  Company;  during 
this  period  was  occupied  incidentally 
with  electrical  invention,  and  after 
severe  business  reverses  in  the  panic 
of  1907  became  an  independent  in- 
ventor, devoting  his  time  exclusively 
to  the  development  of  new  designs; 
in  1912,  joined  the  Electric  Com- 
pany at  East  Pittsburgh  as  inventor 
and  consulting  engineer  in  electrical 
and   mechanical   developments. 

*Wai.ter  V.  Turner,  chief  engi- 
neer. Westinghouse  Air  Brake  Com- 
pany. 

Howard  S.  Warren  (Leland. 
Stanford  LTniv..  '94),  after  a  year 
in    California   devoted   principally   to 
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IukW  tension  transmission,  joined 
the  engineering  staff  of  the  Ameri- 
can Bell  Telephone  Company  at  Bos- 
ton in  Sept.,  i8<A),  wliere  he  designed 
the  h)ading  coils  used  for  open  wire 
circuits  and  for  cables ;  also  the 
phantom  circuit  repeating  coil ;  in 
1903  was  placed  in  ciiarge  of  the 
transmission  seclicm  of  the  depart- 
ent  and  in  Jamiary.  I'X)?.  was  made 


m 


liead  of  the  equipment  division;  since 
1909,  advisory  engineer  to  the  Ameri- 
can Telephone  &  Telegraph  Company 
at  New  York  City,  on  subjects  in- 
volving the  relations  of  the  Bell  Tel- 
ephone system  and  other  iiUerests, 
such  as,  interference  by  induction 
from  power  circuits  or  electrified 
railroads,  physical  hazard  from  high 
voltage  circuits,  juint  use  of  poles 
or    conduits,    electrolysis    protection, 


Underwriters'  rules,  committee  work, 
negotiations,  contracts,  legal  cases, 
etc. 

*E.  C.  Wayne,  sales  engineer, 
Goulds  Manufacturing  Company, 
Seneca  Falls,  X.  V. 

♦Brkxt  \Vii.ky,  commercial  engi- 
neer in  cluirge  of  steel  mill  applica- 
tions, industrial  and  power  sales  de- 
partment, Electric  Company. 

*C.  E.  Wn.so.N,  industrial  engi- 
neering department  of  the  Electric 
Company  on  design  of  automobile 
lighting  and  starting  sets. 

*Leo.naki)  W'okk.  engineering  de- 
partment. Isthmian  Canal  Commis- 
sion. 

*J.  L.  McK.  Yakdlf.y,  power  divis- 
ion, engineering  department,  Electric 
Company. 


CONTRIBUTORS    TO    THE    JOURNAL 
QUESTION    BOX— 1913 

Tlie  following  list  fif  contributors  who  have  furnished  answers  to  in- 
(piiries  i)ublished  in  Tin:  JofR.VAi,  Question  Bo.x  during  the  present  year 
indicates  in  a  general  way  the  sources  from  which  this  information  is  obtained. 
Tiii:-  department  of  the  Journal  is  at  the  disposal  of  sul»scribcrs  as  a  means 
of  obtaining  advice  on  electrical  and  mechanical  tojjics.  E.xcept  where  other- 
wise stated,  tlie  contril)utors  are  associated  with  the  Electric  Company. 

\'.  IC.  .\i.i)K.\.  power  division,  engi-  CiiAS.   Fortescie.   transformer   di- 

neering  department. 

C.  B.  Bk.rst.  detail  and  sujiply  di- 
vision,  engineering   department. 

D.  .S.  BowMAX,  industrial  and 
power  division,   sales   dei)artment. 

W'm.  Bradsiiaw.  detail  an<l  supply 
di\ision,  engineering  department. 

E.  W.  Bi;cKi.N(;iiAM,  railway  divii- 
ion.  engineering  department. 

B.  \\.  CiiATTo,  industrial  division, 
engiinering  deiiartmeiU. 

I..  W.  Ciiriiii.  research  division,  en- 
gineering de|)arlment. 

H.  W.  Davis,  industrial  division, 
engineering  de|)artmeiU. 

i\.  J.  Di  AKiioRN.  patent  attorney,  76 
William   Street,  New   York  City. 

W.  .\.  Dick,  power  division,  '.-nt,!- 
neering  department. 

C.  W.  Dr\ke.  industrial  and  power 
division,   sales  department. 

.\.  M.  Dlhi.fv,  industrial  division, 
engineering  department. 

R.  E.  Ferris,  railway  division,  eti- 
gineering  department. 

S.  .A.  Fletcher,  industrial  and 
power  division,  sales  department. 


vision,  engineering  dep.irtment. 

G.  H.  Gak(Ii.on,  industrial  divis- 
ion, engineering  department. 

W.  N.  GofU'WiN.  Jr.,  chief  elec- 
trical engineer.  Western  Electrical 
Instrnnunt  Company.   Newark.   N.  J. 

I.  1,.  Grii  FiTH,  j)ower  division,  en- 
gineering «lepartment. 

David  Hall.  i)ower  division,  engi- 
neering department. 

F.  C.  Hankir,  general  division, 
engineering  dei»artment. 

S.  Q.  Hayes,  general  <livision,  en- 
gineering department. 

Wm.  J.  Harrer.  transformer  di- 
vision. eiiLiineering  dejiartment. 

J.  M.  llirn.K.  engineer  in  charge, 
industrial  division,  eiigineorinK  de- 
partment. 

.*\.  G.  Holmes,  manager,  the  Pitts- 
burgh Meter  Company,  East  Pitts- 
burgh. Ta. 

L.  F.  Howard,  chief  engineer. 
Union  Switch  &  Signal  Company. 
Swissvale.  Pa. 

R.  P.  Jacksov,  research  division, 
engineering  department. 
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R.  Kelly,  power  division,  engi- 
neering department. 

C.  W.  KiNCAiD,  industrial  division, 
engineering  department. 

A.  C.  Lanier,  industrial  division, 
engineering  department. 

E.  E.  Lehr,  industrial  division,  en- 
gineering department. 

H.  Leslie,  engineer  in  charge,  op- 
erating department,  Electric  Storage 
Battery   Company,    Philadelphia,    Pa. 

C.  G.  Lewis,  industrial  division, 
engineering  department. 

P.  M.  Lincoln,  general  division, 
engineering  departmenr. 

J.  N.  Mahoney,  switchboard  di- 
vision, engineering  department. 

E.  Mattman,  power  division,  en- 
gineering department. 

R.  A.  McCartv,  power  division, 
engineering  department. 

W.  M.  McCoNAHEY,  engineer  in 
charge,  transformer  division,  engi- 
neering department. 

W.  G.  McCoNNAN,  service  depart- 
ment. 

J.  W.  Miles,  foreign  division,  en- 
gineering department. 

G.  E.  Miller,  industrial  division, 
engineering  department. 

R.  W._E.  Moore,  research  division, 
engineering  department. 

H.  C.  Nacle,  industrial  division, 
engineering  department. 

F.  D.  Newbury,  engineer  in  charge, 
power  division,  engineering  depart- 
ment. 

II.  H.  Newton,  power  division,  en- 
gineering department. 

J.  F.  Peters,  transformer  division, 
engineering  department. 

G.  Pontecorvo,  industrial  division, 
engineering  department. 

K.  C.  Randall,  engineer  in  charge, 
switchboard  division,  engineering  de- 
partment. 

C.  R.  RiKEK,  technical  editor.  The 
Electric  Journal. 

Geo.  W.  Roosa,  detail  and  supply 
division,  sales  department. 

C.  H.  Sanderson,  electrical  engi- 
neer, Havana  Railway,  Light  & 
Power  Company. 


■_W.  Schaake,  railway  division,  en- 
gineering department. 

O.  C.  ScHOENFELD,  industrial  divis- 
ion, engineering  department. 

C.  O.  ScHOOLEY,  industrial  division, 
engineering  department. 

T.  H.  ScHOEPF,  general  division, 
engineering  department. 

K.  A.  .Simmons,  railway  division, 
engineering  department. 

C.  E.  Skinner,  engineer  in  charge, 
research  division,  engineering  depart- 
ment. 

H.  C.  Specht,  industrial  division, 
engineering  department. 

E.  R.  Spencer,  commercial  engi- 
neer, AUis-Chalmers  Companj^  Pitts- 
burgh, Pa. 

Nicholas  Stahl,  railway  and 
lighting  division,  sales  department. 

E.  C.  Stone,  engineering  depart- 
ment, Duquesne  Light  Company, 
Pittsburgh,  Pa. 

Wilfred  Sykes,  general  division, 
engineering  department. 

R.  H.  Taber,  power  division,  engi- 
neering department. 

H.  B.  Taylor,  detail  and  supply 
division,  engineering  department. 

A.  A.  Tirrill,  detail  and  supply  di- 
vision, engineering  department. 

Philip  Thomas,  research  division, 
engineering  department. 

H.  A.  Travers,  general  division, 
engineering  department. 

L.  TuRXBULL,  railway  division,  en- 
gineering department. 

A.  F.  Van  Dyck,  research  divis- 
ion, engineering  department. 

H.  C.  Walter,  industrial  division, 
engineering  department. 

E.  C.  Wayne,  commercial  engi- 
neer, Goulds  Mfg.  Company,  Seneca 
Falls,  N.  Y. 

T.  Whitehead,  general  division, 
engineering  department. 

W.  R.  Woodward,  detail  and  sup- 
ply division,  engineering  department. 

J.  L.  McK.  Yardley,  power  divis- 
ion, engineering  department. 
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Mr.  George  W.  Hamilton,  who  has  been 
consiihing  engineer  with  the  Pittsliurgh- 
ButTalu  Coal  Company,  of  Pittsburgh, 
Pa.,  is  now  in  charge  of  the  Chicago 
sales  office  of  the  -\Iilwaukee  Locomo- 
live  Company,  of  Milwaukee,  Wis.,  with 
hca(l(|uarters  in  the  Railway  Exchange 
Building,  Chicago,  111. 


Mr.  E.  D.  Stewart,  formcrlv  of  the 
Los  Angeles  district  office  of  the  West- 
jnghouse  Electric  &  Mfg.  Company,  is 
now  connected  with  the  El  Paso  office. 


Mr.  A.  J.  Reed,  of  the  Dayton  office 
of  the  Westinghouse  Electric  &  ]Mfg. 
Company,  has  resigned  to  accept  the  po- 
sition of  manager  of  the  Cleveland  office 
of  the  Robbins  &  Meyers  Company,  of 
Springfield,  Ohio. 


Mr.  J.  Xadon.  recently  of  the  engi- 
neering apprenticeship  course  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  joined  the  sales  force  of  the 
San  Francisco  district  office  of  the 
company. 


OBITUARY 


Mr.  Evercte  Fleet  Morse  died  at  his 
home  in  Ithaca,  N.  Y.,  Noveember  ii. 
Mr.  Morse  was  born  at  Ithaca,  June  28, 
1857.  He  graduated  from  Cornell  Uni- 
versity in  1884.  In  1893  he  patented  tlie 
Morse  rocker-joint  chain  for  bicycles, 
and  in  conjunction  with  his  brother,  Mr. 
F.  L.  Morse,  founded  the  Morse  Chain 
Company  and  liegan  tlic  manufacture  of 
bicycle  chains.  The  correct  mechanical 
principle  embodied  in  this  chain,  as 
well  as  its  novelty,  attracted  immediate 
attention  and  eventually  secured  for  the 
company  a  profital)le  business  which 
lastefl  until  the  phcnr>minal  slump  in  the 
bicjcle  trade  about  1807.  In  the  mean- 
time, Mr.  F.  L.  Morse,  who  has  been 
the  active  manager  of  the  Chain  Com- 
pany for  the  past  13  years,  developed 
the  present  type  of  silent  chain  for 
power  purposes,  and  during  1006  built 
the  new  plant  at  Ithaca.  X.  Y.,  where 
the  business  has  grown  from  small  be- 
ginnings to  its  present  proportions.  At 
the  time  of  his  death.  Mr.  K.  F.  Morse 
was  a  director  and  secretary  of  the 
Chain  Company,  but  for  some  years 
past  he  has  devoted  himself  very  largelv 
to  his  lieat  guage  interests  and  to  vari- 
ous pul)lic  duties  in  which  he  was  most 
active  and  efficient. 


In  London,  next  year,  the  people  of 
tlie  L'nited  States  and  Great  Britain  will 
get  together  in  an  exposition  that  prom- 
ises to  go  far  beyond  anything  of  the 
kind  in  which  they  have  been  interested 
heretofore.  Tiie  year  1914  will  l)ring 
the  centenary  anniversary  of  the  signing 
of  tlie  treaty  of  Ghent,  which  has  re- 
sulted in  one  hundred  years  of  peaceful 
and  friendly  relation  between  the  two 
countries,  and  it  is  proposed  to  recog- 
nize this  anniversary  in  a  way  that  shall 
fittingly  commemorate  its  importance  as 
well  as  illustrate  in  a  definite  way  just 
how  infiucntial  the  two  countries  have 
been  in  the  material  progress  of  the 
world.  It  will  be  an  occasion  of  join- 
ing hands  across  the  sea  after  a  fashion 
never  before  attempted,  and  the  scope 
of  the  undertaking  provides  for  exhib- 
its that  will  illustrate  what  the  United 
States  and  the  United  Kingdom  have  done 
for  the  world  in  the  century  just  clos- 
ing, in  every  branch  of  industry,  art. 
science  and  education,  and  will  include 
a  historical  summary  of  the  pro- 
gress of  the  •  two  countries  for 
a  centun,'.  The  site  of  the  ex- 
position, which  will  be  open  from  May 
to  October.  1914.  is  the  Shepherds'  Bush 
section  of  London,  wlierc  have  been 
constructed  an  imposing  group  of  exhi- 
bition buildings.  Tlicse  Iniildings  occupy 
a  tract  of  more  than  150  acres  readily 
accessible  from  the  centre  of  London's 
main  thoroughfare.  The  main  entrance 
is  connected  directly  with  the  terminus 
of.  or  in  close  proximity  to,  tlie  leading 
railways,  tramways  and  subway  tubes, 
in  the  center  of  a  network  of  transpor- 
tation lines,  affording  easy  means  of 
communication  with  all  parts  of  London 
and  all  England.  Elal»orate  plans  are 
well  under  way  to  make  the  various  ex- 
hibits as  comprelunsive  as  possible,  and 
a  great  advantage  is  the  fact  that  the 
buildings,  all  of  fireproof  construciton 
throughout,  arc  complete  and  actually 
ready  for  occupancy.  This  makes  im- 
possible the  delay  and  inconvenience 
some  times  caused  by  the  iii.-ibility  to 
finish  construction  work  on  time. 

.\merican  executive  offices  of  the  Ex- 
position arc  in  tlie  Woolworth  Building. 
Xew  York  Citv. 


Tiie  Electrical  Record  for  Xovcmbcr 
reprints  from  the  JorR\.\i.  the  editorial 
by  Prof.  Chas.  F.  Scott,  entitled  "Cost 
and  Value  of  Light." 
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INTERNATIONAL  ELECTRIC  CONGRESS 
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NEW  BOOKS 


"Overhead  Electrical  Power  Trans- 
mission"— Alfred  Still.  310  pages, 
115  illustrations.  Published  by  the 
McGraw-Hill  Book  Co.  Price, 
$3.00. 

This  subject  is  treated  from  the 
standpoint  of  the  office  engineer 
whose  duty  it  is  to  make  calculations 
and  draw  up  the  specifications  for 
the  erection  of  transmission  lines. 
The  discussion  is  limited  to  straight 
long  distance  transmission  lines  and 
does  not  include  distribution  systems. 
In  chapter  three,  a  discussion  is  given 
of  the  economics  of  transmission 
lines  including  practical  costs  of  var- 
ious items  entering  into  a  preliminary 
estimate  for  a  new  line.  A  long 
chapter  is  devoted  to  elementary 
principles  and  calculations,  including 
the  uses  of  the  Marshon  diagram. 
The  latter  half  of  the  book  is  devo- 
ted to  mechanical  principles  and  cal- 
culations both  of  the  line  and  of  the 
line  supports.  Several  appendices 
are  included  among  them  sections  on 
lines  with  unsymetrically  disposed 
conductors,  the  efifect  of  the  arrange- 
ment of  conductors,  the  deflections 
and  stresses  in  flexible  steel  towers, 
specifications  for  a  wooden  pole  and 
for  a  steel  tower  transmission  line. 


President  Mailloux,  of  the  American 
Institute  of  Electrical  Engineers,  an- 
nounces the  appointment  of  the  commit- 
tee on  organization  of  the  International 
Electrical  Congress  to  be  held  at  the 
Panama-Pacific  Exposition  in  San 
Francisco  in  1915,  as  follows  :  Charles 
P.  Steinmetz,  honorary  president ;  E.  B. 
Rosa,  honorary  secretary ;  H.  G.  Stott, 
chairman ;  John  W.  Lieb,  Jr.,  vice 
chairman ;  C.  O.  Mailloux,  chairman 
sub-committee  on  international  rela- 
tions ;  A.  E.  Kennelly,  chairman  sub- 
committee on  program  ;  H.  A.  Lardner, 
chairman  sub-committee  on  Pacific 
Coast  Relations ;  H.  H.  Barnes,  Jr., 
chairman  sub-committee  on  transporta- 
tion ;  George  F.  Sever,  chairman  sub- 
committee on  entertainment ;  P.  S.  Mil- 
lar, secretary-treasurer,  and  chairman 
sub-committee  on  publicity ;  F.  L. 
Hutchinson,  secretary  A.  I.  E.  E.  (ex- 
officio). 


At  the  coming  convention  of  the  As- 
sociated Advertising  Clubs  of  America, 
to  be  held  in  Toronto  next  June,  several 
desirable  prizes  are  to  be  awarded  to 
men  and  to  advertising  clubs.  ^  The 
greatest  and  the  latest  of  these  is  of- 
fered for  the  first  time  as  an_  annual 
prize  of  $1,000  from  Advertising  & 
Selling  Magazine,  to  go  to  the  man  who 
has  submitted  to  the  Awards  Commit- 
tee of  the  Associated  Clubs  the  most 
helpful  essay,  descriptive  article  or 
analysis  of  some  practical  phase  of  ad- 
vertising or  selling.  Advertising  &  Sell- 
ing makes  this  offer  for  the  develop- 
ment of  sound  advertising  and 
sales  principles.  The  gift  has  the  hearty 
approval  of  President  William  Wood- 
head,  of  the  Associate  Clubs.  Full  de- 
tails will  be  sent  by  Advertising  &  Sell- 
ing Magazine,  95  Madison  avenue.  New 
York  City. 


WANTED. 

Owing  to  the  duty  and  heavy  freight 
charges,  desire  to  buy  electrical  and 
gas  goods  of  every  description  under 
price.  Job  lot§  from  wholesalers  not 
entirely  out  of  date,  would  be  consid- 
ered. Write  us,  giving  description 
and  particulars.  Enterprise  Electric 
Co.,  Calgary,  Can. 

FOR  SALE. 

Entire  stock  of  goods  of  live  going 
electrical  concern  for  sale,  at  a  bar- 
gain, for  $10,000.00  in  heart  of  busi- 
ness district  of  large  western  city.  A 
sacrifice  price  for  immediate  sale. 
Established  in  1887.  .A  good  oppor- 
tunity for  the  right  man.  Address 
No.  559,  care  The  Electric  Journal. 
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Geaeral 

Prime  Movers   for  Central  Stations 

— Edwin  D.  Oreyfus.  Kcouumic  fea- 
tures of  gUiS  and  oil  engines,  rccipro- 
calirig  steam  engines,  steam  turbines, 
fur  conversion  of  fuel  Into  electric 
power;  auxiliary  equipment.  C-3,  W- 
6700.     Vol.  IX,  p.  50,  Jan.,  '12. 

Inilaence  of  Prime  Mover  Cbarac- 
terlatica  on  Power  Station  Economy 
—J.  R.  BiDbins.  C-7,  W-2200.  Vol. 
in,   p.   566,   Oct.   '06. 

Q-aa  Engine  vs.   Turbine     Q.   li.  Slii. 

Engineering  Books     <j.    i;.  3)::. 

Klgb-Speed  Steel  Tools — E.  K.  Nor- 
rls.  T-2,  1-2,  \V-42oO.  Vol.  IV,  p. 
246,  May,   '07. 

(E)  C.  B.  Auel.     W-725.  p.  241. 

(E)  E.  R.  Norrla.  W-250.  Vol.  IV, 
p.   303,  June.  '07. 

Oxy -Acetylene  Welding — C.  B.  Auel. 
Equipment  required  and  details  re- 
garding Its  operation.  Costs.  (See 
"Production  or  Oxygen,"  p.  528,  Sept., 
•09).     C-1,     D-2,     1-15.     W-5500.       Vol. 

VI,  p.   453,   Aug.,  *09. 

(E)     C.     B.     Auel.     W-450,     p.     515. 

Zerener    Blowpipe^     Q.    li.    514. 

Production  of  Oxygen — Cecil  Light- 
foot.  Description  and  data  of  pro- 
cess and  apparatus  for  liquefaction 
of  gases  and  mechanical  separation 
of  gaseous  mixtures.  (See  p.  453, 
Aug.,  '09).  T-1,  C-1,  1-3.  W-2575. 
Vol.  VI,  p.  528,  Sept..  '09. 

(E)   C.   E.  Skinner.     W-400,   p.   449. 
(Note  correction,  p.  640,  Oct.,   "09.) 

Tests  of  fare's  Sbaft  Bearings — 
Albort  Kingsbury.  T-1,  C-2,  L)-l.  I-l, 
W-950.    Vol.   Ill,  p.   464,   Aug.,  '06. 

Iinbrlcatlon  of  Bearings — A.  M. 
Matlice.  W-2100.  Vol.  Ill,  p.  323, 
Jiin.>,   'Ofi, 

Melville  and  Macalplne  Bednction 
Oear — Details  of  construction  and  re- 
sults of  tests.    D-1.  1-5,  W-1000.    Vol. 

VII.  p.  26,  Jan..  '10. 

(E)   Chas.   F.   Scolt.      W-ROO.   p.    11. 

Improvements  —  Reduction  Oear — 
H.  K.  L/ongwell.  Marine  turbine  typo 
Instalb^d  on  XL  S.  S.  "•Noptiino."  1-8, 
W-242r>.      Vol.    TX.  p.   69,   Jan..   '12. 

Care  of  Machinery — G.  D.  Ottnwav. 
Siipg.\stion.'^.  \V-1275.  Vol.  IX.  p. 
64!t.   Julv.   •12. 

Portland  Cement— (E)  T.  D.  Lynch. 
W-.''.5n.     Vol.  VII.  p.  13,  Jan..  '10. 

Heat  of  Cement     <,^    It.   294,   29.'. 

Determination  of  Pnlley  and  Belt 
Slzca      !•     ]'..    MlII^       T-l.    l-l,    W-172.'.. 

Vol    \ir.  p    :■::•.  ^t^\,t..  'lo. 

Splicing  Belts      <.>.    H.   679.   792. 
I.inlug    Shafta      i.)     H.    3S.S. 
Heat  Value  of  Coal  -Q.   B.   312. 
Oraphophone^    '.>    H.  245. 

Brakes 

Hlatory   of   the   Air   Brake — George 

Westlnghouse.  Its  conception.  Intro- 
duction and  development.  1-5.  W-3S25. 
Vol.   VIII,   p.   227.   Mar..   '11. 

Electro  -  Pneumatic      Brakes      for 

Steam  Boads — Walter  V.   Turner  nnd 

1*.   H    Donovan.     Stopping  trains  with 


jmciimalic  .and  elfclro  -  pneumatic 
brak«'s.  C-1.  \V-2650.  Vol.  X,  p.  74. 
Jan.,   'i:{. 

11 — Compari.son  with  older  types, 
("haracteristics  of  operation.  D-2,  I-l, 
\V-23S5.      Vol.  X,  p.  130,  Feb.,  '13. 

Ill — The  triple  valve.  Its  opera- 
tion; pneumatic  and  electric.  I-l,  W- 
yytJO.     Vol.  X,  p.  27S,  Mar.,  '13. 

Braking  Electrically  propelled  Ve- 
hicles W.  \'.  Tiiriii-r.  SliaiKhi  .lir; 
aulonialic;  elcctro-iJiieumalicj.  ("-.'», 
\V-t;70().       Vol.    VIII,    p.    'J05,    (}rt.,    '11. 

Air  Brakes  for  Electrical  and  Steaxa 
Boad  Service    -S.   W.   Imdli-s-   (i;p.     \\ 
3  7UU,  p.  Vi.     Vol.  VIII.  Jan.,  11. 
Bailway   Braking 

1 — Slraigiit  Aa-  Brake — E.  H.  Dew- 
.son.  I-l,  W-1600.  Vol.  I,  p.  497.  Oct.. 
'04. 

II — Automatic  Air  Brake — Stuari 
J.  Fuller.  1-4,  W-2200.  Vol.  I,  p. 
571,  Nov.,  '04. 

Ill — Straight  Air  Brake,  Details  of 
the— E.  H.  Dewson.  D-1.  1-5.  W-2300. 
Vol.  I.  p.  650.  Dec.  '04. 

IV  —  Triple  Valves  —  Plain  and 
Quick  Action — E.  H.  Dewson.  1-7.  W- 
2000.     Vol.  II,  p.  45,  Jan.,  '05. 

V — Transmission  Gear  of  an  Air 
Brake  Equipment — E.  H.  Dews(jn.  T-2, 
D-1.  W-1300.    Vol.  II,  p.  105,  Feb.,  '05. 

VI — Foundation  Brake  Rigging — E. 
H.  Dewson.  T-1.  D-6,  W-2300.  Vol. 
II.   p.   158.  Mar..  '05. 

VII — Compressors — Motor  -  Driven 
— E.  H.  Dewson.  1-6.  W-1500.  Vol. 
II,  p.  301.  May,  "05. 

VIII — Governors,  Automatic  Press- 
ure— K.      II.      Dewson.        I-r.,     W-2000. 

Vol.  II.  ]<.    1 1.'.  Jiii,\-.  •><:.. 

Motor  Driven  Air  Compressors — P. 
L.  Crittenden.  Recent  developments 
for  electric  railway  application.  I- 
I'l,    \V-:il25.      Vol.    IX,    p.    8G0.   Oct..  '12. 

Hydraulic  Absorption  Dynamo- 
meter— Description  of  6  000  hp  water 
l.r.iUo.  (See  p.  26,  Jan.,  '10.)  1-8. 
\V-14U0.      Vol.    VII,   p.    120.    Feb.,   "10. 

(K)    H.   E.    Longwell.      W-875.    p.    91. 

Prlction  Brakes — ^Henry  D.  James. 
Features  essential  to  their  proper  de- 
sign   and    construction.      1-2,    W-1650. 

\"m1.     VI,     p.     ol,    .1.11).,    'i»'.t. 

Prlctlon  Brake.  Magnetically-Op- 
erated— H.  D.  Jamc^.  C-1.  D  1.  1-2. 
W-lf.OO.      Vol.   V,   p.    207.   May.  "08. 

Self-BefiralaUnff  Friction  Brak*— 
H.  M.  S'chelbe.  A  modification  of 
prony  brake  to  maintain  constant 
load.  1-4.  W-560.  Vol.  IV.  p.  118. 
Feb..   '07. 

Prony  Brake  for  Small  Motors — C. 
R.  Dooley.  1-2.  W-350.  Vol.  Ill,  p. 
S23.    Sept.,    '06. 

Improvement  on  Prony  Brake — K. 
W.  Henderson.  I-l.  W-925.  Vol.  IX, 
p.   577.  June.  '12. 

Gas 

Pertinent  Features  Belatln^  to 
Oas  Power — Edwin  D.  Drevfiis  T-I. 
C-3,  D-1,  1-3,  W-2500.  Vol.  VIII,  p. 
71.  Jan.,  '11. 

Oas  Power  PlJUits — A.  M.  Oow. 
T-2,   W-3r.oo.      Vol.   I,   p.   65,  Mch  ,  '04. 


MECHANICAL  ENGINEERING— Gas— Steam 


Gas    Engines    In    Electric    Railway 

Service — J.  R.  Bibbins.  T-3,  C-5,  1-3, 
W-2000.     Vol.  II,  p.  658,  Nov.,  '05. 

Gas  Driven  Blowing  plant — At 
Gary  Works,  Indiana  Steel  Co.  T-1, 
1-9,  W-4425.    Vol.  VI,  p.  134,  Mar.,  '09. 

(E)   W-775.     p.  152. 

Gas  Driven  Power  Station — J.  R. 
Bibbins.  60-Cycle  Installation  at 
plant  of  Union  Switch  and  Signal 
Co.  T-1,  C-19,  1-2,  W-3450.  Vol.  VI, 
p.  94.  Feb.,  '09. 

Warren  Gas  Power  Plant — J.  R. 
Bibbins.  T-1,  C-4,  1-2,  W-1800.  Vol. 
Ill,  p.  205,  Apr.,  '06. 

T-3,  C-2,  I-l,  W-2300.  Vol.  Ill,  p. 
441,  Aug.,  '06. 

(EJ  E.  H.  Snlffin.  W-SOO.  Vol.  Ill, 
p.    131. 

Shop  Testing  of  Gas  Engines — E. 
E.  Arnold.  T-1,  C-1,  1-6,  W-1500. 
Vol.   I,  p.  522,  Oct.,  '04. 

Testing — Q.   B.   880. 

Points    in    Design    of    ^arge    Gas 

Engines— c-4,  D-3,  1-9,  W-2600.  Vol. 
V,  p.  250,   May,  '08. 

Calcnlatng  Horse-Power — Q.  B.  696. 
Puel  Consumpton — Q.  B.  70. 
European     Gas    Engine    Practice — 

Rudolph       Wintzer.       W-1600.         Vol. 

III,  p.   642,  Nov..   '06. 

Improvements  In  Ignition — J.  R. 
Bibbins.  Method  of  changing  point 
of    Ignition.      C'-3,    I-l,    W-800.      Vol. 

IV,  p.  156,  Mar.,  '07. 
a'park    Coil — Q.    B.    191. 
Ignition  Tube  Temperature — Effect 

on  Regulation — Leonard  Work.  W- 
460.     Vol.   V,  p.   54,  Jan.,  '08. 

Rotary  Engine — Q.  B.   615. 

Cylinder  Lubrication — ^Q.  B.  715. 

Books  on  Gas  Engines — Q.  B.  357. 

Heat  Values  of  Gases — Q.  B.  192. 

Plue  Gases — Q.  B.  370. 

Gas  Meter — Q.  B.  1005. 

Steam 

Superheated  Steam — Ultimate  Com- 
mercial Value — J.  R.  Bibbins.  T-7, 
C-5,  W-3200.    Vol.  III.,  p.  141,  Mar., '06. 

Some  Steam  Turbine  Considerations 

— Edwin  D.  Dreyfus.  Rotative  speeds; 
operating  conditions;  efficiencies; 
comparative  tests  of  engines  and  tur- 
bines. T-2,  C-4,  D-1,  1-8,  W-3700. 
Vol.  VIII,  pp.  247  and  375,  Mar., 
April,  '11. 

(E)  W.  B.  Flanders,  p.  214,  Mar., 
'11. 

Developments  in  Steam  Turbine 
Engineering  —  Edwins  D.  Ureyfus. 
Sizes.  Service  consideration.s.  Per- 
formance for  driving  power-house 
auxiliaries.  Reduction  gear;  marine, 
and  otlier  applications.  T-1,  C-4,  I- 
31,  W-9S00.  Vol.  IX,  pp.  292  and  394, 
Apr.  and  May,  '12. 

(E)  Francis  Hodgkinson.  W-325. 
p.   285,  Apr. 

Steam  Turbine — Francis  Hodgkin- 
son. Advantages;  steam  action; 
tests  under  various  conditions.  T-1, 
1-7,   W-3200.     Vol.    I,  p.   84,   Mch.,   '04. 

Steam  Turbines — J.  N.  Bailey. 
Fundamental  principles  and  rela- 
tions of  various  types.  C-4,  D-4,  I-l, 
W-3500.     Vol.  V,  p.  305,  June,  '08. 

(E)    E.  H.   Sniffln.      W-250,  p.   302. 


Steam  Turbines  for  Future  Work — 

Edwin     D.     Dreyfus.     W-5500.       Vol. 
VIII,  p.  925,  Oct.,  '11. 

(E)  Francisi  Hodgkinson.  Turbine 
Design.      W-325,  p.   829. 

Turbines  for  Electric  Stations  of 
Moderate  Size^Edwin  D.  Dreyfus. 
T-3,  C-4,  D-2,  1-14,  W-6950.  Vol. 
VIII,  p.  746,  Sept.,  '11. 

(E)   E.  H.   Sniffln.     P.  741. 

Double  Plow  Turbine — R.  N.  Ehr- 
hart.  Development  of  new  design. 
D-2,  I-l,  W-1450.  Vol.  V,  p.  574,  Oct., 
'08.    (See  E.,  p.  549,  by  B.  G.  Lamme.) 

Various  Pliases  of  Low-Pressure 
Turbine  Work — Edwin  D.  Dreyfus. 
T-3,  C-5,  D-8,  I-ll,  W-6300.  Vol. 
VIII,  p.  431,   May,  '11. 

(E)   H.  E.  Longwell.     p.  409. 

Low  Pressure  Turbines — P.  M.  Lin- 
coln. Why,  when  and  how  to  use. 
C-1,  D-1,  W-6075.  Vol.  IX,  p.  78,  Jan., 
■12. 

Low  Pressure  Exhaust  Steant  Tur- 
bines— J.  R.  Bibbins.  Use  of  ex- 
haust steam  from  reciprocating  en- 
gines and  resulting  total  efficiency. 
C-4,  D-1,  1-3,  W-3950.  Vol.  V,  p. 
707,  Dec,  '08;  also  C-1,  W-825.  Vol. 
IV,  p.  560,  Oct..  '07. 

The  Application  of  Low  Pressure 
Turbines  —  Francis  Hodgkinson. 
Classification  of  applications  and 
conneotions.  D-6,  1-5,  W-6970.  Vol. 
X,   p.    317,    Apr.,    '13. 

(E)   H.  A.   Rapelye.     W-300,   p.   313. 

Low  Pressure  Type  Combined 
with  Steam  Engine — Edwin  D.  Drey- 
fus. Economy  effected  with  combined 
unit.  C-8,  I-l,  W-3625.  Vol.  VI,  p. 
597,  Oct.,  '09. 

(E)  Francis  Hodgkinson.  W-800. 
p.  581. 

High  Speed  Steam  Turbine — Edwin 
D.  Dreyfus.  Effect  of  increased  speed 
on  mechanical  strength,  bearing  duty, 
blade  construction  and  economy.  T-1, 
1-6,  W-1500.  Vol.  VII.  p.  602,  Aug., 
'10. 

Critical  Speeds — Q.  B.  131,  396. 

Marine  Steam.  Turbine  with  New 
Reduction  Gear  —  George  Westing- 
house.  Discussion  of  problem  and 
solution.  W-3675.  Vol.  VII,  p.  17. 
Jan.,  '10.     (See  E,  Chas.  F.  Scott,  p.  11.) 

Trial  Trip  of  Turbine  Driven  Ves- 
sel— J.  E.  Snyder.  Standardization 
and  endurance  trials  of  the  U.  S. 
Naval  Collier  "Neptune."  1-5,  W- 
2825.     Vol.  IX,  p.  507,  June,  '12. 

Turbines,  Commercial  Testing  of 
Steam — A.  G.  Christie.  T-2,  D-1,  1-8, 
W-3200.     Vol.   I,  p.  387,  Aug.,  '04. 

High  Vacua  and  Superheat  in 
Steam  Turbines — J.  R.  Bibbins. 
Economy;  test  and  curves  from  Par- 
sons turbine.  (E).  p.  193.  T-1,  C-5, 
W-1400.    Vol.   II,  p.  151,  Mch.,  '05. 

Steam  Turbine  Situation — Edward 
H.  Sniffln.  W-900.  Vol.  Ill,  p.  21 
Jan.,  '06. 

Report  on  Economy  Tests  of  7500 
kw  turbo-generator  at  Waterside  Sta- 
tion, No.  2  of  New  Tork  Edison  Co. 
T-1,  I-l,  W-1200.  Vol.  IV,  p.  656. 
Nov.,  '07. 

Vanes,  Durability  of  Steam  Tur- 
bine— J.  R.  Bibbins.  1-4,  D-2,  W-800. 
Vol.  II,  p.  3G9,  June,  '05. 


GENERAL — Simxificatioxs  &  Statistics 


The  Choice  of  a  Condenger — Fran- 
cis Hi'dBkinson.  Discussion  of  con- 
ditions to  be  met  and  features  of  de- 
sign, construction  and  operation 
bearing:  upon  selecti^^n  of  equipment. 
T-1.  C-3.  1-24.  \V-14000.  Vol.  VI.  pp. 
391,  476,  553,  618,  693,  July  to  Nov.. 
"09,   Inclusive. 

(E)  R.  A.  Smart.  \V-750.  p.  585, 
July.  'O'J. 

The  Iieblanc  Condenser — R.  N.  Ehr- 
hart.  Principle  of  operation.  T-1. 
D-2,  1-2.  W-1525.  Vol.  VII,  p.  526, 
July.   -10. 


I<e  Blanc  Condensers  and  Alv 
Fojups — J.  A.  Mcbay.  Relative  Im- 
portance of  auxiliaries.  1-3,  W-16H. 
Vol.  VI,  p.   752,  Dec.  '09. 

Condenser  Economy — <.^.  B.  59. 

Condenser  at  a  Distance — Q.  B.  600. 

Vacuum  Measurement— Q.  B.  882. 

Efficiency  of  Pumps^Q.   B.  3.J.S,  872. 

Capacity  of  Pumps — Q.   B.   546,    717. 

Pump  Dimensions — Q.   B.   690. 

Boiler  Ratings —Q.   B.   716. 

Asbestos  in  Boiler  Setting' — Q.  B. 
369. 

Effect  of  Altitude   -Q.   B.   693. 

Angular  Velocity-  Q.    B.    508. 

Governor  Trouble — Q.  B.   951. 


ELECTRICAL  ENGINEERING 
GENERAL 


Electricity  in  Serelopment  of  th* 
South  —  Goorge  Westinghouse.  W- 
557b.      Vol.    VIII,  p.  311.  Apr.,  'll. 

(B.)      W-475.   p.    305. 

Improvement  in  Elccti-ical  Product 
— H.  D.  Shuie  (E).  With  decrease 
In  cost.     W-150.    Vol.  IX,  p.  661,  Aug., 

Solving-  New  Problems — C.  E.  Skin- 
ner (E).  Necessity  of  investigation 
and  research  work  on  commercial 
basis  on  part  of  manufacturers.  W- 
950.  p.   41.      Vol.   VIII,  Jan..  '11. 

Application  of  Pure  Science  in  tlio 
Industries — Chas.  F.  Scott  (E).Work 
of  the  U.  S.  Bureau  of  Standards.  W. 
1175.       Vol.   VIII,   p.   669.   Aug.   '11. 

Electric  Industry  In  Oennany — 
Walderii.ar  K..ch.  T-1.  W-1825.  Vol. 
VI,   p.    m.  J.-in..  '09. 

Reviews  of  Progress  in  the  Elec- 
trical Field  during  1912 — General 
Vif-w  "il  the  Inilu.-;trv,  H.  1".  Davis; 
Great  Britain.  J.  S.  Peck;  Canadian 
Developnunt.s.  N.  S.  Braden;  The 
Me.xican  .Situation.  C.  V.  Allen;  Air 
Brakes.  S.  W.  Dudley;  Incandescent 
I..amps.  B.  F'.  Fisher.  Jr.;  I'nwer  Gen- 
eration. H.  A.  Uapelye:  Railway  Slg- 
nalini,'.  l<loyd  V.  Lewi.'<;  A.  I.  E.  E.. 
F.  L.  Hutchin.son:  N.  E.  L.  A..  F.  M. 
Tait;  Power  Apparatus.  E.  P.  Dillon; 
Detail  Apparatus.  G.  Brewer  GrlfUn; 
Generator.s  and  Rotary  ('onverters. 
F.  D.  Nf'wbury;  Industrial  Englneer- 
InK.  J.  M.  Hippie;  Small  Motor.s,  Ber- 
nard Le.ster;  Mining.  W.  A.  Thomas; 
Pump.s.  W.  F.  I'atton.  Jr.;  Detail  Ap- 
paratus. T.  S.  I'erklns;  Iron  and 
Steel,  Brent  Wiley;  The  Eleetrlc  Ve- 
hicle. Bernard  Lester;  Railwav  Con- 
trol. G.  M.  Eaton;  Research.'  C.  E. 
Skinner;  Tran.sformers.  W.  M.  Mc- 
Conahey.  (E)  \\'-20900.  Vol.  X.  pp. 
1-52.   Jan.,   "13. 


Beviews  of  Progress  in  the  Elec- 
trical Field  during  1911 — Trend  of 
Development.  B.  G.  Lamme;  Power 
(Jeneratiun.  E.  D.  Dreyfus;  Railway 
Signaling.  Harold  McCready;  Nom- 
inating Officers  tor  the  A.  I.  E.  E.. 
Gano  Dunn;  N.  E.  L.  A..  J.  F.  Gil- 
christ; Canadian  Developments.  N.  S. 
Braden;  Industrial  Education.  C.  R. 
Dooley;  Illumination.  C.  E.  Clewell; 
U.  S.  Government,  D.  S.  Bowman; 
Electric  Railway  Progress;  Electric 
Vehicles.  Bernard  Lester;  Electric 
Furnaces.  C.  B.  Gibson;  Industrial 
Motors.  J.  M.  Hippie;  Incandescent 
Lamps,  Norman  Macbeth;  Co-opera 
tion,  H.  D.  James;  Power  Apparatus, 
F.  D.  Newbury:  Engineering  Stu 
dents,  Chas.  F.  Scott;  Transformers, 
W.  L.  McConahey;  Detail  Apparatus, 
T.  S.  Perkin.'s;  Protective  Relavs,  A 
W.  Copley;  Electric  Heating,  W.  O 
Peale.  (E)  W-19200.  Vol.  IX.  pp. 
1-49.    Jan..    '12. 

Beviews  of  Progress  In  the  Eloo- 
trlcal  Field  during  1910 — General 
View  of  the  In(iustr\-,  L.  A.  Osborne; 
An  Engineering  View.  Chas.  F.  Scott; 
Tendencies  in  Design,  B.  G.  Lamme; 
Power  Machinery.  B.  H.  Snlffln;  Air 
Brakes,  S.  W.  Dudley;  Transmission. 
P.  M.  Lincoln;  Railway  Signaling. 
J.  S.  Hobson;  N.  E.  L.  A..  W.  W. 
Freeman;  Incandescent  Lighting,  Q. 
P.  Scholl;  Railroad  Work,  F.  H. 
Shepard;  Industrial  Motors.  D.  El. 
Carpenter;  The  Steel  Industry.  Brent 
Wilev;  The  New  Haven  System.  W. 
S.  Murray;  Electric  Railways.  N.  W. 
Storer;  Power  .■\i>paratiis.  F.  D.  New- 
bury; Cement  Industry.  C.  W.  Drake; 
Industrial  Power.  J.  H.  Kllnck; 
Transformers,  W.  M.  Mcronaher; 
Detail  Apparatus.  T.  S.  Perkins.  (B) 
W-L'OSon.    Vol.  VI  n,  PI'-  1  '-•  J-in-.  "li- 


SPHCIFIC.ATIONS  AND  ST.ATISTICS 


Cemmerciol  Xesoaroh — C.  E.  Skin- 
ner. Investigation  ef  properties  of 
materials,  processes,  <1<»"»lgns;  devel- 
opment of  new  'tis;  critical 
study  of  existlne  ;  causes  of 
failures.  W-740U.  »  m  V,  p.  185. 
Apr..  '08. 

(V.)   Chas.   F.  .Srntf       W-650.   p.   182. 

Science  and  Industry — L.  H.  Baeke- 
land.  Pre-sidential  address.  American 
Bloctrochemloal  Society.  Pittsburg. 
May.   1910.     W-1500.     p.   532.  Julv.  '10. 

(E)  C.  E.  Skinner.     W-375.  p.  '602. 


Standards     for    Electrical     Appaxft- 
tua — British,    American    and    OennMi 

—J.  S.  I'e.  k.  T-3.  \V-S:j.  Vol.  V.  p. 
318.   June.   '08. 

(K)    P.   M.  Lincoln.     W-550.  p.  SOI. 

Standardization  in  Manufacturing — 
H.  F.    /had wick.     .Vn   ;i  !  :strlal  exam- 
ple.     I'so  of  stani!  k   and   part 
,.,.l...r     -v.stom.       Cn;..  .  . ...    ..s.       T-6,     I- 

J5.  Vol.  IX.  pp.  315.  409  and 
,  r  .  May  and  June.  '12. 

(E)   E.  R,  Spencer.     W-1400.  p.  288. 


GENERAL — Materials — Measurement 


Engineering-  Kesponsibility  —  Chas. 
B.  Dudley.  W-3800.  Vol.  VI,  p.  483. 
Aug.    '09. 

(E)    C'  E.    Skinner.      W-275,    p.    452. 

Saw  Material  Supply — P.  H.  Knighi 
and  C.  E.  Skinner.  Observations. 
suggestions  and  rules.  W-3700.  Vol. 
IV,   p.   373.      July,  '07. 

Government  Specifications  for  Elec- 
trical     Apparatus — Chas.      F.      Scott. 


W-4825.     Vol.  VII,  p.  157,  Feb.,  '10. 
(E)   W-250,  p.  97. 

Standard  Rating's  for  Electrical  Ap- 
paratus— Chas.  F.  Sc-iitt.  A^'-3200. 
Vol.    X,    p.    237,    Mar..   "13. 

Name  Plate  Ratings^Q.  B.  765. 

A.   I.    E.   E.    Standardization — Q.    B. 

45G. 


MATERIALS 


Copper  —  J.  Li.  Jones.  Production 
and  uses  in  electrical  works.  W- 
2900.     Vol.  X,   p.   S75,   Sept.,  '13. 

Copper  and  Its  Alloys — Poundry 
Practice — W.  J.  Reardon.  1-2,  W-1600. 
Vol.   1.  p.  108,  Mar..  '04. 

Resistance  of — Q.   B.   904. 

Steel,  Testing"  of  Sheet — C.  E.  Skin- 
ner. 1-3,  W-3000.  Vol.  I,  p.  333, 
July,   '04. 

Permeability — Q.  B.  387,  850,  953. 

Iron  Loss — Q.  B.  147. 

Desig-n  and  Testing-  of  Electrical 
Porcelain — Dean  Harvey.  D-1,  I-IO, 
Vr-2700.      Vol.   IV,   p.   568,  Oct.,  '07. 

Manufacture  of  Electrical  Porce- 
lain— Dean  Harvey.  1-3,  "W-1350. 
Vol.   IV,   p.  352.  June,  '07. 

Asbestos — Its  Production  and  "Use 
— H.  R.  Edgecomb.  T-1,  1-7,  W-3275. 
Vel.  VIII,   p.   82,  Jan.,   '11. 

■Water-proofing-  Compounds  In 
Transformers.  W-350.  Vol.  II,  p. 
128,    Feb.,   '05. 

Carborundum — Q.   B.   199. 

Streng-th   of    Cast    Iron — Q.    B.    4S9. 

Cast  Steel — Q.   B.   ?,S6. 

Mag-netization  of  Steel — Q.  B.   623. 

Gun  Metal  Pinish — Q.  B.   857. 

Insulation 

Puysical  Characteristics  of  Dielec- 
trics— A.  P.  M.  Fleming.  A  general 
discussion.  Gases.  Liquids.  Solids. 
C-S,  W-2550.    Vol.  IV,  p.  364,  July,  '07. 

CE)   C.  E.  Skinner      "W-250.  p.  361. 

Insulation  Problems — C.  Fortescue. 
The  application  of  an  electrostatic 
theorem.  T-1,  D-9,  I-ll,  W-4360. 
Vol.    X,    p.    651,    July,    '13. 

Insulating  Materials — R.  H.  Arnold. 
Classification  of  characteristics  and 
Bses.  W-3225.  Vol.  VIII,  p.  195, 
Feb.,  '11. 

Insulation:  Resistance  and  Dielec- 
tric Strengiih;  Method  of  Measure- 
ment— R.  E.  Workman.  D-1,  W-800. 
Vol.  I.  p.   544,  Oct..  '04. 

Resistance — Q.   B.   825. 

Insulation — O.  B.  Moore.  C-3,  D-1, 
W-2400.     Vol.   IT,  p.  333,  June,   '05. 


Insulation — Q.   B.   344. 

Bakelite  Micarta — R.  W.  E.  Moore. 
It.s  properties  and  uses.  T-3,  C-1, 
I-G,  W-1365.      Vol.  X,  p.  645,  July.  '13. 

Impregnation  of  Coils  with  Soua 
Compounds — J.  R.  Sanborn.  C-2,  D-1, 
1-6,  W-3225.      Vol.  Vli,  p.  195,  Mar.,  '10. 

(E)    C.   E.   Skinner.      VV-tiOO,  p.   182. 

The  Condenser  Terminal — C.  For- 
tescue and  J.  E.  Mateer.  Theory  of 
design.  Construction  and  operation. 
1-17,  W-6635.    Vol.  X,  p.  718,  Aug.,  '13. 

Condenser  Type  Terminals — a.  ±i. 
Reynders.  Theory;  distribution  ot 
potential.  C-5,  D-4,  1-16,  W-2650.  Vol. 
VII,   p.    766,   Oct.   '10. 

(E)    P.  M.   Lincoln.     W-575,  p.   744. 

Insulation  Tasting- — C.  E.  Skinner. 
A  comparative  article.  D-9,  1-6, 
W-6400.      Vol.    II,   p.    538,   Sept.,   '06. 

Testing  of  Insulating  and  Othex 
Materials — C.  E.  Skinner.  Desirabil- 
ity of  standardizing.  W-2425.  VoL 
VIL   p.    169,  Feb.,   '10. 

Standard  Tests  for  Dielectric 
Strength — C.  E.  Skinner  (E).W-IOOO. 
Vol.  IV,  p.  544,  Oct.,  '07. 

Testing- — Q.  B.  48,  119.  315,  552,  650, 
986. 

Oil-Switch  ■Work,  Oil  for.  W-150. 
Vol.   II,  p.   128,   Feb.,   '05. 

Oil— Q.  B.  74,  226,  298.  372,  437,  483, 
844. 

Tapeing- — C.  Stephens.  Purpose  anfl 
kinds  of  tape.  I-l,  W-800.  Vol.  11, 
p.  258,  Apr.,  '05. 

■y^arnished  Cloth  Cables  for  Hig-h 
■Voltage  Service — Henry  W.  Fisher. 
W-800.      Vol.   IIL    p.    235.   Apr.,  '06. 

Varnished  Cambric — Q.  B.   640. 

locating  Paults — C.  E.  Skinner. 
Method  of  burning  Insulation  at  the 
point  of  fault.  W-250.  Vol.  II,  p. 
614,   Oct.,   '05. 

Enameled  "Wire — Q.  B.  14:..  N."iS,  974. 

Shellac — Q.    P..   4  73. 

High  Voltage  Secondaries — Q.  B. 
859. 

Compounds — Q.  B.  52. 

Static  Condenser — Q.   B.   268. 

Oil  on  Insulation — Q.  B.  255. 


MEASUREMENT 


General 

See  also  Theory  p.  9 

Measurements    of    Inductance  —  H. 

B.  Taylor.  A  substitute  for  the  seco- 
meter.  D-1,  W-550.  Vol.  IV,  p.  296, 
May,   '07. 

Power  In  Polyphase  Circuits  by 
Single-Phase  'Wattmeters  —  R.  E. 
Workman.  Explanation;  connections. 
D-2,   "W-200.      Vol.   I,   p.    674.   Dec.   '04. 

Polyphase  Power  by  gingle-Phase 
Meters — M.  B.  Chase.  W-175.  Vol. 
V.    p.    52,    Jan.,    '08. 

Three-Phase  Power — Q.  B.  132,  446, 
598. 


Polyphase      Connections  —  M.       H. 

Rodda.  Correct  conneftimis  of  watt- 
meters on  three-phase  circuits  re- 
gardless of  pov%fer-factor.  D-4.  W- 
1800.      Vol.  VI,  n.   436.  July.  '09 

Inside  Delta  Connection — Q.  B.   976. 

Three-Phase  Power — H.  M.  Scheibe. 
Demonstration  of  the  correctness  of 
method.  D-4,  "W-600.  Vol.  TV,  p.  56, 
Jqr..   '07. 

With  a  Single-Phase  Meter — Q.  B. 
6  38. 

Measurements  Involving  the  TTse  of 
"■eries    Transformers — H.    B.     Taylor. 
C-1,     1-2.     W-2050.      Vol.     IV,     p.     234, 
Apr.,  '07. 

(E)  W.  H.  Thompson.     W-600,  p.  185. 


MI-:ASUR1:MI:XT     Meters 


Measuring  Kectlfied  Currents — Paul 
'  icCiuliuti.  Aciiuii  i)f  vunuus  types 
of  direct-current  meters.  C-2,  \V- 
107r..      Vol,    VI.   I.,    700.   Nov..   '09. 

Measuring  Power-Pactor  with  Two 
Single-Phase  Wattmeters — H<nrv  M. 
Lucas.  C-1.  D-4,  W-ti2o.  Vol.  IX.  p. 
762,  Ser>t..  '12. 

Pormulae     <^    I"..   ;tijft.   «)•>. 

Reversal  of  Meter — y.  H.  617,  578, 
;;.".'.    I'.i:;.   i.".:i.  t.;.  i;:. 

Reversal   on  Trvo-Phase — (.i.    H.    2'.*2. 

Effect  ol  Power-Pactor  on  Poly- 
phase Meter  Reading — C  W.  Kinney. 
W-27J.      Vol.    V,   p.   Oa,   Jan.,   '08. 

M.  13.  Chase.  W-300.  Vol.  V,  p. 
63.  Jan.,   'OS. 

Measurement  of  Iieakag'e  from 
&ail  to  Water  Pipe  SyBtem^<:.  W. 
Kinney.  \V-250.  Vol.  VI,  p.  182. 
Mar..  '09. 

Apparatiu  for  Testinfr — Chas  A 
Hobtin.  J)-l.  \V-250.  X'ol.  VI,  p.  314, 
M;iy.   ■<''>. 

lirror  in  Measurement  of  Trans- 
former ItoaA — J.  N.  C.  Holroyde. 
Apparent  unequal  distribution  of  load 
0!i  two  transformer  banks.  D-1,  W- 
SeO.       Vol.    VI.    p.    312.   May.   '09. 

Current  Measuring  —  Three-Phase 
System  —  Two  Transformers.  Con- 
neclion-s;  method  uf  mea.surement. 
D-1,   \V-200.      Vol.   I,  p.   247.  Mav.  '04. 

The  Sphere  Spark  Gap — .S.  ^^'. 
Farii.swurili.  Iji  stription  and  cali- 
bration curves.  C-l.  1-2,  "W-880.  Vol. 
X.    p.    4.-J.'..    May.   '13. 

The  Oscillograph — S.  M.  Klntner 
V.':i.     W-IL'.-..     \'ol.   III.  p.   543,  Oct..  '06. 

Interesting  Applications  of  Oscillo- 
graph    II.  n.  c.aii.-ii.r.     c-:>.  i:)-2,  \v- 

1851".     Vol.   IX.  p.   430.  Mav.  '12. 

(E)   C.   E.    Wilson.      \V-525.   p.    376. 

Use  of  Oscillograph  on  Testing 
Ploor— H.  H.  (Jalleher.  C-4.  1-5.  W- 
1  17.'..      Vol     V.    p.    401,    July,    'OR. 

Shop  Testing     <>.    I;,    j"'.' 

Kathoda  Ray  Oscillograph  —  R. 
Rankin.  Ryan  oscilloErraph.  (E) 
Chas.  F.  Scott,  p.  S46.  D-l.  I-ll,  W- 
40nri       Vol.   II.  p.   02O.  Oct..  'i^.'.. 

XToll  Method  for  Magnetic  Testa — 
H.  B.  Tnvlor.  r-1.  D-1.  1-2.  W-.TOOO. 
Vol.   IV.   p.    168.    Mar,   '07. 

Doable  Voltages  in  Circuits  Havinsr 
Capacity  and  Inductance- -H.  li. 
DwiKiit  and  *'.  W.  Baker.  Abnormal 
voltaKPs  obtained  durine  test  of  jjen- 
erator  for  grounds,  with  meter  trans- 
former In  circuit.  C-2.  D-IO.  W-2150. 
Vol.  VIII.   p.    1102,  Dec.  -n. 

<F.i    I'     For(f>sci)f>.      VV-7fiO.   p     104R 

Measurement  of  Induction  Motors 
— <^.    i:.    ::i'.».    ::t:..    :i.:. 

Meters 

Progress     in     Instrument    Design 
Paul      MacCalian      (IJ).      \V-350.      Vol. 
II.   p.   520.  AuK-.  '05. 

Relation  Between  Meter  Design 
and  Switchboard  Iiay-Out — I'anl  M.ic- 
(Jali:  II.  space  renuirenn-nt s.  T-3.  D- 
3275.      Vol.    VIIT.    n     lO!*.-?.    Vcc.    '11. 

nO)  C.  H.  Sanderson     \V-407,  p.   1047. 

Selection    of    Meters  -Q.  H.  322.  577. 

Meter  Capacities      <  .>    B.   27.   239. 

Handling  Eleotrlcal  Instrtunents — 
II.   i;    •r.ivi.T      i>-j.  \v-.Ti)oii      v.>i.  II. 

p.    471.    .\iic.    'O,',. 

Portable  Indicating  Meters — Albert 
Walton.      Their    utility    for    inve^stiga- 
tlon    of  operating   conditions    in    elec- 
trical   work.      D-1.    T-4.    W-1725.       Vol 
VIII.p.   796.  Sept..    11. 


Polyphase  Metering  Conventions — 
M.  C.  Kypinaki.  .Standard  arrang«»- 
ments  of  connections  for  instrument 
transformers,  wattmeters,  power-fac- 
tor meters,  synchroscopes.  D-10,  W- 
925.      Vol.   IV.   p.    89.   Feb..   '07. 

Maintenance  and  Calibration  of 
Service  Meters — William  Bradshaw. 
<'-:;.  W-L'''.'"!.      \-,,i.  Ill,  J,.  :,;,<,_  ,j  i;-.,  'ijo. 

Reading  Error  of  Indicating  I&- 
struments — B  B.  Brackett.  (E)  F. 
Conrad,  p.  709.  C-l,  W-1000.  Vol. 
II,   p.    704.    Nov..    '05. 

General  Application  of  Meter  Con- 
nections— H.  W.  Brown.  Polyphase 
wattmeters  and  power-fact(jr  meters, 
transformers.  D-10.  V/-700.  Vol. 
VI.   p.   .-^oS.   May.   '09. 

Old  Method      <>.    B.   2  7^. 

Standard   Connections   —  Oeneral — 

II.  W.  Brown.  Assumption  regarding 
positive  direction  of  current.  Rela- 
tion of  currents  in  current  and  e.m.f. 
coils.  D-22,  W-1800.  Vol.  V,  p.  260, 
Mav.  '08. 

(E)    R.    P.    Rowe.      W-450.      p.    243. 

Metering  Conventions- -Q.   B.   219. 

Vector  Diagrams  Applied  to  Poly- 
phase Connections — II.  W.  Brown. 
Means  of  determining:  phase  rela- 
tions between  currents  and  e.m.f's. 
D-20.   W-2  950.      Vol.   V,   p.   341.     June, '08. 

Single-Phase  Connections — H.  W. 
Brown.  Transformers:  Two -wire; 
grouping;  special:  three-wire;  te.aser 
system.  D-17.  W-3  000.  Vol.  V,  p. 
597.   Oct..   'OS. 

Two-Phase  and  Pour-Phase  Con- 
nections— H.  W.  Brown.  Two-Phase 
— four- wire,  three- wire,  five- wire. 
Four-phase  —  four-wire.  D-IO,  W- 
1  800.      Vol.    V.    p.    660.   Nov.,   'OS. 

Three-Phase  —  Three-Wire  Connec- 
tions— H.  W.  Brown.  Grouping  poly- 
I>liase  meters,  single-phase  meters. 
T-1.  D-36.  W-3250.  Vol.  V,  p.  725, 
Dec.  'OS:   Vol.   VI.   p.  47.  Jan..  '09. 

Three-Phase  —  Pour-Wire  Connec- 
tions—II.  W  Brown.  I>-11  W-2 125. 
\'ol.    VI.   i>.    113.   K»-b..   •|■^'^. 

Six-Phase      Connections  —  H. 
Brown.     I '-'.•.   W-2!^.'.0.     Vol.   VI.    p. 
Mar.   ■ii;t. 

Six-Phase   Circuits — Q.    B.    707. 

Special  Connections — H.  W  Brown. 
Series-par.illel :  totalizing  niid  aver- 
aging: high  and  low-tension  ground 
detectors:  wattless  volt-nmperes; 
speed  indlcntors:  svnchronlzine  clr- 
cult.f  of  unlike  phases.  D-21.  W-2700. 
V"'     ^'T     n     *"><!     M'v     '09 

Meaning   of  Symbols      «.>     }'.    .'.o'^ 

Error  in  Instruments  Due  to  Wave 
Porm — K     K     Sommer.      W-SOO.      Vol. 

III.  p.    599.   Oct..   '06. 
Potentiometer    for    Measuring    Iiow 

Resistance-  11  B  T.ivl.r.  D-1.  1-2. 
W-CnOii        V..1     III     p    686.   Dec.   "Oft. 

PreQuency  Meters  —  F.  Conrad. 
W-800       Vol      III,    p     535.    Sept.    '06. 

A  Polarity  Indicator — K  K  Som- 
ni.T.     W-:'.".    \"  .'     Ml     ■      "  •-     'T'-t  .    "6. 

Oraphlc  Recording  Meters.  Detail- 
fd  description.  D-1.  I-l.  Vol.  III.  p. 
297.   Mav.   '06 

(V.I    r.iul    MnrOahan.     W-475.   p.  J45. 

Graphic  Meters— .Mbert  Walton.  In- 
terpr<*tat  ion    uf  '    r'He 

mills   for  th.>   In  'fd 

of    .•por.itiuK    c: ■  .^  ...    p. 

415^  C-4.  D-2.  I-l.  W-5100.  Vol. 
VITT.  p    416.   May.  '11. 

(E)   W-2-5.  p.  415. 


W. 
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MEASUREMENT— Meters— Relays 


Power  Factor  Meter  CosLueotloas. 
D-2,   W-400.     Vol.   I,  p.   3S8.  July.  '04. 

Power  Factor  Meters  and  Their  Ap- 
plication— Paul  MaoGahan.  D-11,  I- 
2,  W-2200.    Vol.   I.  p.  462.  Sept.,  '04. 

3-Phase  on  2-Phase  Circuit — Q.  B. 
773. 

Power  Factor  Meter,  Test  of  a. 
D-1,   W-600.     Vol.    r.   p.    554,   Oct.,   '04. 

Power-Factor  Meters  for  Individ- 
ual Generators  —  Nicholas  Stahl. 
Combinations  of  switchboard  instru- 
ments. W-1040.  Vol.  X,  p.  886, 
Sept.,   '13. 

Meter  and  Testing-  Dept.,  Hartford 
Electric  Lifftt  Company — F.  W. 
Prince.  C-1,  D-2.  1-3,  W-1550.  Vol. 
V,  p.   204,  Apr.,   '08. 

(E)   H.  W.  Young.     W-450,  p.  181. 

Kemedy  for  Static  Error  in  Meter 
— Will  C.  Baker.  Charge  neutralized 
with  lighted  match  by  ionization. 
■W-350.      Vol.   VII,  p.   659.    Aug.,  '10. 

Ayrton  Shunt — Q.  B.  181. 

WATTMETERS 

Integratingr  Wattmeters — H.  Miller. 
Induction  Type.  Principles.  Con- 
struction. Accuracy.  Results  ob- 
tained. Operating  Conditions.  C-4, 
D-3,  1-3,  W-4400.  Vol.  IV.  p.  584, 
Oct.,   '07. 

Method  of  Calihrating-  Wattxnetert 
— H.  B.  Taylor.  Arrangements  of 
circuits  to  get  different  loads  and 
phase  relations.  D-2,  I-l,  W-1900. 
Vol.   Ill,   p.   624,  Nov.,  '06. 

Calibrating  Standard  Wattmeters 
by  Potentiometer  Method — H.  B.  Tay- 
lor. C-1,  D-1,  1-2,  W-3900.  Vol.  IV' 
p.  93.  Feb,  '07. 

A  Study  of  Three-Phase  Wattmeter 
Connections — Chas.  R.  Riker.  C-2, 
D-4,  W12375.     Vol.  IX,  p.  765,  Sept.,  '12. 

Kemedy  For  Wrong  Connection^ — 
M,  B.  Chase.  Error  in  registratlo^n, 
due  to  wrong  connection  of  current 
and    e.m.f.    colls.      D-1,    W-450.      Vol. 

V.  p.   290,  May.  '08. 

Design  Details-^Q.  B.  735. 
Demand  Meter — Q.  B.  176. 
Graphic     Recording     Meter — Q.     B. 

177. 

Totalizing — Q.   B.   654,    822. 

unbalanced  Load — Q.  B.   200,  956. 

Y-Box — Q.   B.    900. 

Connections — Q.  B.  69,  124,  222,  237, 
301,    826,    897,    984. 

Torque — Q.   B.   878. 
Siieed — Q.   B.   432. 
Wattless  K.v.a. — Q.  B.   775,   542. 
Phase  Error — Q.   B.   527. 
Calculation  of  Error — Q.   B.    458. 
Change    of    Frequency — Q.    B.     419, 
4i:7. 

Losses — Q.   B.    332. 

Creeping — Q.  B.   251. 

Reversal  of  Power — Q.  B.   240. 

Low  voltage — ^Q.  B.  43 

Calibration— Q.  B.  304,  333,  503,  589, 
642.   799,   832. 

Loading — Q.  B.  282,  413. 

Rating— Q.    B.    328,    997. 
VOLTMETERS  AND   AMMETERS 

Disc-Type  Induction — Paul  Mao- 
Gahan.     C-1,    D-1.    1-4.    W-1835.      Vol. 

VI.  p.  26,  Jan.,   '09. 
(E)  W-42u.     p.  6. 

Differential  Voltmeter  —  H.  W 
Peck.    W-200.    Vol.  IT.  p.  102,  Feb.,  '05. 

Iron  Loss  Voltmeter — Thos.  Spoon- 
er.     Description     of     instrument    and 


method  for  simple  and  ready  deter- 
mination of  transformer  iron  lossaa 
on  sine  wave  basis.  C-9,  D-2,  I-l, 
W-3050.     Vol.  VIII,  p.  383,  Apr.,  '11 

(E)   C.   E.  Skinner.     W-400,   p.     3e>. 

Electrostatic  Voltmeter  with  Con- 
denser Terminal  —  A.  W.  Coplay. 
C-l,  D-1,  1-2,  W-924.  Vol.  VII,  p.  984, 
Dec.   '10. 

Synchronizing  Voltmeter — Q.  B.  461. 

Compensated  Voltmeter — Q.  B.  58, 
146,    236,    539. 

See  "Regulation,"   p.   25. 

Induction  Ammeters  and  Voltme- 
ters— ^Paul  MacGahan.  C-2,  D-J.  1-4. 
W-1300.     Vol.  IV,  p.   118,  Feb..  '07. 

A     Hot     Wire     Ammeter  —  B.     C. 

Wheeler.  W-225.  Vol.  Ill,  p.  SU, 
June,  '06. 

Kelvin  Sector  Type  Ammeters  aaA 
Voltmeters — M.  C.  Rypinskl.  Theory. 
Description.  1-3,  D-1,  C-2.  W-160*. 
Vol.  Ill,   p.   588.  Oct..  '06. 

Error  In  Ammeter  Measnrem.9Bit— 
Wrong  Location  of  Shunt— C.  A 
Le  Quesne,  Jr.  W-400.  Vol.  V.  p. 
115,  Feb.,  '08. 

Ammeter  Shunts — Q.  B.  99,  738,  796, 
932. 

Connections — Q.  B.  28. 

Calibration — Q.  B.  495,  496. 

Design — Q.  B.   632. 

Wave  Form — Q.  B.   382,   583. 

Relays 

Protective  Relays — M.  C.  RypinskL 
Purpose,  application,  details  of  con- 
struction and  operation,  and  dia- 
grams of  connections  of  various 
types.  C-5,  D-16,  1-17,  W-8  750.  VeL 
V,  pp.  39.  97,  171,  233,  282,  350;  Jan., 
Feb.,  Mar.,  Apr.,   May.  June.  '08 

For  Induction  Motors — Q.  B.   371. 

Circuit  Breaker  Relay  Systems — R. 
P.  Jackson.  Localizing  trouble.  Re- 
verse current  protection.  C-2.  D-7, 
W-2200.     Vol.  VII,  p.  908,  Nov.,  '10. 

Relay  Protection  of  Sub-Stations 
— Paul  MacGahan.  Relay  combina- 
tion used  at  sub-station  operated 
from  duplicate  transmission  lines. 
T-1,  C-2,  D-5,  1-2,  W-2875.  Vol.  V,  p. 
638.  Nov..   '08. 

Protection  Offered — Q.  B.  584,  585, 
867. 

Relay  Connections  —  Standard — 
H.  W.  Brown.  D-27,  W-3400.  Vol  V, 
pp.   407,   461  ;    July.   Aup..  '"* 

Z-Connection — Q.  B.  97,  232. 

Six-Phase  Connections  —  H.  W. 
Brown.  D-3,  W-525.  Vol.  VI,  PIK 
176   and   180,  Mar.,  '09. 

Special  Connections — H.  W.  Brown. 
Protection  against  short-circuits, 
grounds  and  overload;  reverse  cur- 
rent. D-8.  W-1925.  Vol.  VI,  p.  4S». 
July,   '09. 

Voltage  Regulating  Relays — Paul 
MacGahan.  D-1,  1-2,  W-775.  Vol.  VI. 
p.   635,  Oct.,  '09. 

Reverse  Current  Relays — P.  Mac- 
Gahan and  C.  W.  Baker.  C-2,  D-J, 
W-1200.      Vol.   Ill,  p.   470.   Aug.,   '08. 

(E)    S.    O.    Hayes.      W-500,    p.    426. 

Temperature  Relays — Benjamin  H. 
Smith.  Description  and  application. 
D-2.  1-2,  W-935.  Vol.  X,  p.  702, 
July,    '13. 

Leather  Bellows — Q.  B.   389. 


Theory— GENERATION— Power  Plants 


THEORY 


X&dnctlon      In      TrauBmlssloii      Clr- 

cnltB— Chas.   F.   Scott.     T-1,   D-10,   W- 
3600.     Vol.  Ill,  p.  SI,  Feb.,  '06. 

Calculation  of  the  E.  M.  F.'s  Inano- 
•d  in  Transmission  Circuits — Chas. 
F.  acott.  T-1.  1-1,  \V-2U0.  Vol.  111,1). 
134,   June.   '06. 

E.  M.  T.'s  Induced  in  Parallel  Clr- 

cnits— A.  W.  Copl.v.  T-1,  D-1,  W- 
1150.      Vol.    111.    I).    437,   Auf,'.,   '06. 

Bireotion  of  Induced  Currents — H. 
L.  Klrker.  A  method  of  determining 
fcr  the  magnetic  vortex  theory.  1-6, 
W-700.     Vol.  IV,  p.  537.  Sept.,  '07. 

Electric  Field  Distribution — W.  S. 
Franklin.  Notes  on  the  theory  of 
the  electrostatic  field.  1-18,  W-2750. 
Vol.  X,   p.  667,  July,  '13. 

Alternating-Current  Diagrams — Ap- 
j^ications  of — V.  Ki^irapetoff.  D-1 4, 
W-3U00.      Vol.  I,  p.  159,  Apr.,  '04. 

D-13,  W-2400.  Vol.  I.  p.  205,  May, 
•04. 

Induction     Motor     Diagranxs  —  V. 

Karapetoff.  D-2,  \V-1500.  Vol.  I,  p. 
606,   Nov..   '04. 

D-4,  W-4200.  Vol.  I,  p.  658,  Dec, 
'04. 

QaMe  for   the  use   of   the  Heyland 

diagram.  (See  p.  658,  Dec,  '04).  C-3, 
1>-1.  W-1500.     Vol.  II,  p.  118,  Feb., '05. 

Transformers  —  Applications  of 
Alternating-Current  Diagrams  —  V. 
Karapetoff.  D-5,  \V-2000.  Vol.  I,  p. 
279,  June,    04. 

D-8,  W-2200.     Vol.  I,  p.  410.  Aug.,  '04. 


Vector  Diagrams  Applied  to  Poly- 
phase Meter  Connections — H.  W. 
Brown.  D-20,  W-2  950.  Vol.  V,  p. 
311,  .June,  'iiv. 

Corona  and  the  Ionic  Theory — P.  M. 
Lincoln  (E).  Discussion  of  paper  by 
Prof.  Ryan  before  A.  I.  E.  E.  W-700. 
Vol.  Vm,  p.  117.  Feb.,  '11. 

Graphic  Determination  of  Resist- 
ances— F.  W.  Harris.  D-10,  W-2425. 
Vol.    VI.    p.    627,   Oct.,   '09. 

Begulation  of  Alternators — V.  Kar- 
apetoff. D-5,  W-3200.  Vol.  I,  p.  532. 
Oct.,    '04. 

Equivalent  Current,  Voltage  and 
Besistance  of  Polyphase  Machinery 
— V.  Karapetoff.  D-4,  W-9U0.  Vol. 
I.    p.   471,    Sept.,    '04. 

Kotation  for  Polyphase  Circuits — 
Chas.  H.  Porter.  D-7,  W-2400.  Vol. 
IV.,  p.  497,  Sept..  '07. 

(E)    Chas.   F.   Scott.      W-225,  p.    484. 

"Wave  Ponn  Analysis — P.  M.  Lin- 
coln. C-4,  W-2  250.  Vol.  V.  p.  386, 
July,   '08. 

(E)    S.    M.   Kintner.      W-700,   p.    361. 

Squares  and  Cubes — R.  A.  Phllla 
W-1200.      Vol.  VII,  p.  250,  Mar.,  '10. 

■Wave   Forms — Q.    B     14S,    149. 

Voltage  Drop — Q.  i;.  350,  533. 

Change  of  Frequency — Q.  B.  467. 

Instantaneous   Currents — Q.   B.    526. 

^3  in  Calculations — Q.  B.  601. 

Resistances   in  Parallel — Q.    B.    701. 

Rotating    Field-  Q.    B.    883. 

Horse-Power  Formula — Q.  B.  90S.    ■ 

Oscillating  Currents^Q.   B.  926. 

Rotation  of  Vectors — ^Q.  B.  ^2^. 


GENERATION 

(AND    ALL    PARTS    OF    ROTATING    MACHINES) 

POWER-PLANTS 

(See  Mechanical   Engineering,  pp.  3  and  4,  nnd  Utilization,  p  26.) 


The  XTniversal  Central  Power  Sta- 
tion— Clias.  F.  Scott  (E).  W-1075. 
Vol.   IX,  p.  449.     June,  '12. 

Centralization  of  Power  feneration 

— F.    Darllnprton.       (!•:.>       \V-950.      Vol, 
VII.   p.    7  19,    Oct..   '111. 

Central  Station  Development — W. 
C.  L.  Kglln.  The  Phlla.  Electric 
Co. '8  power  house.  1-2.  W-400.  Vol. 
I,   p.    299.   June,   '04. 

ZScononiics  of  Water  Power  vs. 
•team— r.  M.  I-incoln.  (K).  W-900. 
Vol.    VII.   p.   9.   J.-ui..   '10. 

Bteam-Electrlo  Power  Plants — O.  S. 
Lyfortl,  Jr.  and  U.  W.  Stovol.  Fac- 
tors Inlluoncing  desiRn,  construction 
&nd  operation  to  give  minimum  total 
oost.  T-3.  \V-3225.  Vol.  IX.  p.  323. 
Apr..   '12. 

(E)  Power  Plant  Costs.  ■W-375.  p. 
287. 

Combined  Central  Heating  and 
Blectrlc  Plants — Kdwin  D.  Dreyfus. 
Typpis  of  iirime  movors.  C-22.  1-4,  W- 
4S",=i       Vol     IX,    p.    663,    Aug..   '12. 

(E)  H.  R   Lonewell.    W-425.    p.  661. 

Double  Deck  Type.  T-1.  C-3,  D-1. 
1-3.   W-2400.    Vol.   V,  p.   520.   Sept..  '08. 

(E)    A.   H.  Mclntire.     W-575,  p.  488. 


Power  Plant  Economics — Henry  G. 
Slott.  T-2,  W-lOOO.  Vol.  Ill,  p.  106. 
Feb.,  '06. 

(E)    Chas.  F.    Soott.      W-900,  p.    64. 

Power  Station  Xcononiy — J.  R.  Bib- 
bins.  C-7.  W-2200.  Vol.  Ill,  p.  566. 
Oct.,   '06. 

Operating  Conditions — Q.  B.  439.      • 

Uniform   I.oad      i.j.    I!.    6*^1. 

Increasing  Factory  Power  House 
Efficiency — K.  A.  Sni.irl.  Important 
points  In  design  and  operation  of 
factory  power  plants.  T-1,  C^-5.  I-IO, 
W-5900.      Vol.   VI,   p.   200.   Apr.,  '09. 

(E)    J.   S.    Peck.      W-550.    p.    193. 

Causes  of  Accidents  in  Power 
House  Operation  -If  Cllllam  (E). 
W-Snn.      Vol     III.    p.    242,   M.iy.   '06. 

Protection  Against  Short-Clrcnlts 
— P.  M.  Lincoln.  I'se  of  choko  colls 
In  generator  and  ft-pder  circuits. 
n-5.  1-2.  W-5365.  Vol.  X.  p.  1217, 
Doc.   '13. 

Rcictances     Q    V-.  f><''. 

Belnforced  Concrete  in  Power  House 
Work — F  W.  Scheldenhelm.  D-1.  I- 
16.  W-2475.     Vol.  VII.  p.  98.  Feb.  '10. 
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GENERATION— Dynamos  &  Motors 


Fire  Proof  Enclosures — H.  N.  Mul- 
ler.  Use  of  reinforced  cement.  1-4, 
W-975.       Vol.     VII,     p.     37,     Jan.,     '10. 

Power  Plant  Operation — H.  L.. 
Beach.  Some  experiences  with  oper- 
ation of  station  having  alternating- 
current  generators,  rotary  converters 
and  motor-generator  set.  W-850.  Vol. 
VI.  p.  563,  Sept.,  '09. 

Installation      of      a      Transmission 
Plant — 1-4,     W-2300.     Vol.     II,     p.     3, 
Jan.,  '05. 
DESCRIPTIONS 

Cos  Coto  Power  Plant  of  th.9  N.  T., 
N.  H.  &  H.  R.  R. — E.  H.  Coster.  1-4, 
W-6  800.      Vol.    V.   p.    5.   Jan.,  'f>8. 

Dryingr  Out  the  Dayton  ligfliting 
Plants — George  W.  Christians.  I-l, 
W-650.      Vol.    X,    p.    458,    May,    '13. 

Dimensions  antt  Data  ol  Installa- 
tions of  Interljoroug-li  Rapid  Transit 
Company— H.  G.  Stott.  Tabular. 
8  pages.     Vol.  IV,  p.  473.  Aug.,  '07. 

(E)   W.   K.   Dunlap.      W-200,   p.    422. 

Tests  and  Operatin?  Results  for 
1906,  on  5  500  kv?  turbo-generator  of 
Interborough  Rapid  Transit  Co.  'r-2, 
C-1    W-925.     Vol.  IV,  p.  413,  July,  '07. 


Operation:     Distribution  —  H.     Q. 

Stott.  Interborough  Rapid  Transit 
Co.  of  New  York.  1-2,  W-1500.  Vol. 
II,    p.    278,    May,   '05. 

An  Italian  Power  Plant — S.  Q. 
Haves.  1-17,  W-3700.  Vol.  VI,  p.  69, 
Feb.,   '09. 

Northern  California  Power  Co. — Q. 
W.  Appier.  D-2,  W-1000.  Vol.  II,  p. 
576.   Sept.,  '05. 

The  Pacific  Light  and  Power  Sys- 
tem—  B.  i'.  Jtowe.  Descriiition  of  the 
150  000  volt  transmission  line.  D-1, 
1-2,  V^-1720.     Vol.  X.  p.  768,  Aug.,  '13. 

Installing  Apparatus  at  Shawinigan 
Falls— Chas.  P.  Gray.  1-5,  W-loOO. 
Vol.  IV,  p.  357.     June,  '07. 

Southern  Power  Company's  System 

— L.  A.  Magraw.  History;  description 
of  generating  stations;  sub-stations; 
layout  of  station  circuits  and  method 
of  operation.  T-4,  C-1,  D-6,  1-30,  W- 
6300.  Vol.  VIII,  p.  325,  Apr..  '11. 
(E)  J.  W.  Fraser.     V^-1150,  p.  306. 

Great  Palls  Power  Plant  of  th» 
Southern  Power  Co. — L.  T.  Peck.  1-8, 
W-4100.      Vol.   IV,  p.   666,  Dec,  '07. 
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General 

Rating   Apparatus   by   Performance 

Curves— Chas.    F.    Scott    (E).     W-825. 
Vol.  VIII,  p.  592,  July,  '11.  

Turbo-Generators  vs  Engine  Type 
— Albert  Kingsbury.  V^-650.  Vol. 
IV,  p.    54,   Jan.,  '07.  ^    .^ 

Dynamo  and  Motor  Pulleys — T.  U. 
Lynch.  Standard  designs.  I-IO,  W- 
1150.      Vol.    Ill,   p.    B93.    Oct.,   '06. 

Design  of  Electrical  Machines  for 
Quiet  Operation — G.  Pontecorvo.  Mag- 
netic, C'urnr-nt  and  windage  noises 
and  their  prevention.  T-1,  C-5,  D-5, 
1-3,  W-2265.     Vol.  X,  p.  860,  Sept.,  '13. 

Pron-ress  in  Motor  Manufacture — 
C  W.°Starkfr.  Use  of  pressed  steel 
in  motor  construction.  1-24,  W-31o5. 
Vol.  X,  p.   199,  Mar.,  '13. 

CE)   a!  G.  Popcke.     W-S90.  p.  193. 

performance  of  Motors  Under  Ab- 
normal Conditions  (E) — Chas.  F. 
Scott.   W-90n.   Vol.  III.  p.  424.  Aug.,   06. 

Method  of  Drying  Out  Quickly— S. 
L.  Sinclair  and  E.  D.  Tyree.  Apply- 
ing external  heat  and  drying  Inter- 
nally by  short-circuit  run.  W-350. 
Vol    IV,  p.  58,   Jan.,  '07. 

Motor-Generator  Sets,  3  000  KW 
Maximum  Continuous  Rating — David 
Hall.  Example  of  advance  in  eco- 
nomic design.  Results  of  tests.  C-1, 
1-3   W-1350.      Vol.  VII.  p.  207,  Mar.. '10. 

/e)  B    a.  Behrend.     W-350.  p.  186. 

"Idle  Currents"  'Within  Generator 
Conductor»-J.  S.  Peck.  ^  W-800.  Vol. 
Ill,  p.  581,  Oct.,  '06.  (See  also  IV. 
p  382,  July.  '07,  and  VII,  p.  710.  Sept.. 
^10.) 

Effect  of  Faulty  Controller  Connec- 
tion on  Reversal  of  Motor— N.E. 
Funk.  A  trouble  job.  I-l.  W-300. 
Vol.  VII,  p.  80,  Jan.,  '10. 

Defective  Magnetic  Circuit — R.  H. 
Fenkhausen.  Brass  distance  pieces 
In  yoke  of  generator  and  their  effect. 
W-250.      Vol.   VI,   p.    249.   Apr.,   '09. 

The  Dynamotor-Compressor — Ralph 
E  Ferris.  D-6.  1-5,  W-2945.  Vol.  X, 
p.   1021,   Oct.,  '13. 


Design   Details — Q.    B.    512. 

Efficiency — Q.    B.    33. 

Speed  vs.  Efficiency — Q.  B.  604. 

Early    Efficiencies — Q.    B.    486. 

Alternating  Excitation — Q.  B.  694. 

Cleaning — Q.    H.    7f!u. 

Starting — O.   B.   S.j4,   860. 

Telephone  GeneTa;or--Q.  B.  88  5,  917. 

Changing  D.  C  Motor  to  A.  C. — Q. 
B.   203. 

Sprayer  for  Painting — Q.  B.   283. 
GENERAX.  TESTS 

Shop  Testing  of  Electrical  Appar- 
atus— General  Instructions.  Kinds 
of  tests.  Use  of  meters.  Temperature 
tests.  Speed  indicators.  T-1,  1-2,  W- 
4282.     Vol.  X,  p.   62,  Jan.,   '13. 

II — Resistance  Measurements.  Fall 
of  potential.  Megger.  Wheatstone 
bridge.  Kelvin  bridge.  Temperature 
calculations.  T-1,  D-8,  1-2,  W-3080. 
Vol.  X,  p.  145,  Feb.,  '13. 

Ill — Insulatdon  testing.  T-4,  C-3, 
D-2,  1-3,  W-33S5.  Vol.  X,  p.  289, 
Mar.,  '13. 

IV — General  Tests  of  Direct-Cur- 
rent Machines.  Polarity  tests.  Set- 
ting of  brushes.  Commutation.  Com- 
muiating  field  adiustment.  Resist- 
ance. Friction  and  core  losses.  Sat- 
uration. D-6,  I-l,  W-4460.  Vol.  X, 
p.    370.    Apr.,    '13. 

V — S'hunt  and  Compound  Genera- 
tors. Copper  loss.  Core  loss.  Satu- 
ration. Regulation.  Compounding. 
Efficiency  bv  losses.  T-7,  C-2,  D-l, 
W-4035.  ■  Vol.  X,  p.  460,  May,  '13. 
(E)    W-820,   p.    411. 

VI — -Three- wire  D.  C.  Generators. 
Series  Generators.  Special  test.s. 
Commercial  tests.  Methods  of  load- 
ing D.  C.  Generators.  T-1.  C-2,  D-6, 
W-3745.     Vol.  X,  p.  600,  June.  '13. 

VIT — Shunt  and  Compound  Direct- 
Current  Motors.  Temperature,  stabil- 
itv.  speed  re.gulation  and  shunt  regu- 
lation. Tests  and  efficiency  by  losses. 
T-6.  C-3,  1-4,  V^^-4390.  Vol.  X,  p.  684, 
July.  '13. 

VIII — ^Industrial  Series  .and  Heavily 
Compounded  Motors.  Speed  regula- 
tion.     Core    loss,    friction    and    wind- 
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Vol.   X, 


Motors. 


age.  Saturatidn.  Efflck-mv.  Tem- 
peratme  tcst.s.  Vciliicl<-  m<»t;»r.s.  T-3 
C-X  i)-:J.  \V-J77:..  V..I.  X.  p.  79S 
Aug..    •l.i. 

,  IX  — iJii-.-.t-fnnvnt  K.iilway  Mci- 
lors.  Inspection.  Resistance.  Speed 
r'-K-iilatiuii.  Core  loss,  friction  and 
wmdas.'.  EJticieiicy.  Tcmiicratiirr. 
N.MUral  check.  Highspeed.  Insula- 
tion. T-,3.  C-:J.  M,  W-1'4-1(I. 
p.    S89,   S.'pt.,   '13. 

Iron  Loss  -Q.  B.  144 

Sliop   Tests — Q.   B.    252. 

„  X— Sinslc-Phase     Railway     .»i.u 
bpcod.     Core  loss  and  saturation.    Ef- 
llciency.      Temperature.   T-6,   C-4     D-i 
W-i.'4.i().     Vol.  X.  p.  10.sr..  Oct  .  -Il 

.  XI — AltornatinK  -  Current  Genera- 
tors and  Synchronous  Motors.  Polar- 
ity. Resistances.  Core  loss.  Short- 
circuit  hi.ss  and  impedance.  No-load 
.saturation.  Full-load  saturation  at 
zero  power- fiu?tor.  Locked  satura- 
tion. Starting  and  torque  tests  for 
s.vnchronous   motors.    Hef^ulation     T-7 

c-o.   r)-2.   1-3.   w-r,.-,05.     Vol.   x,   p' 

11S!I.   Nov.,   '13.  ^ 

XII — Alternating- Current  Genera- 
tors and  Synclirnnous  Motor.s.  Ef- 
Hci.ncy  by  loss.-s.  Temperature  tests. 
Methods  of  loadinp.  Phasing  out. 
Dry  ins:  out.  T-2,  C-1  D-.-,  j.o  y^-i 
'■<'>'>.     \'.'l    X.  ,..   i'_'s2.   n.',-..  '■!:;."' 

Factory  Testingr  of  Electrical  Ma- 
chinery—R.    E.    W.okm.in. 

organization  and  Equipment— T-2, 
•04  •    ^^    '"*^''-      '^'"'-   I.   P-    27,   Feb.. 

Direct-Current  Machinery 

Experimental  Test.s — Copper  Loss 
Iron  Eoss.  T-2.  C-1.  D-i.  j-i  \v: 
42o0.     V(d.  I.  p.  <t.-,.  Mar..  'n4. 

Series  Motors— Iron  Eoss.  Friction 
Saturation.  T-1.  C-3.  D-4.  I-l  W- 
1600.      Vol.    I.   p.    1G9.    Apr.,   '04. 

Generators— Repulation.      D-.". 
ISOo.     \  ol.  I.  p.  240.  May.  '04. 

E'sTdiiiR   hack    test.      T-1     C-] 
I-l.   W-2200.      Vol.    I.  p.   28;..'  Juno.-oi' 

Motor.s— Regulation.  D-3.  I-l  W- 
nm.     Vol.  I.  p.  3.;«»,  July,  '04. 

Hr.ike   Tost— <--2.   l)-2.    1-3.    W-2000 
vol.    I.  p.    4i9_   Auk..   '0  1. 
r.  f ''Vw'o  '''""VPS    of    Series     M-^tor.s— 
C-1     W-Soo.      Vol.   I.   p.   47.^,  .S-e,,t..  '0  1 

(  omm.Mclnl      Test.«i — D-t!       I-l       \v- 
3201.      Vol.   I.  p.  r,J2.  Dot     -'oi 
AIt.•rnatin^r-Cn^rent    Mac'liin.Ty 

E.\p.-rlmet)ial     Te-v^Ls  —  C.inni-ction.-* 
I^on    Eos.s.     Saturation.    Rhort-Clrcult." 

Nov.'oV     ''■'•'""         ^'"'-     '•     '••     «1^ 

I.  K"*^7'i:'l^:?;r^:oV ''■'•'''■''""•  ^•"'- 

R.Kuhitlon:      Open-Clrruit     Snttira- 

tion  .ind   Short-Clreiilt    To^f C-l     "W. 

700.     Vol.   [I.  p    .-..!.  .,..,„     .„:, 

Oen.'r.itors--Effl.l..nry,     K.^uLulon. 
Comm-nial    Test        |..i.    l-i.^W-icoo 
Svn(lir..nou.s    .Motor.s.       W-llOO        Vol 
II.   p.    111.   F.h.    0.-,. 

R'>tary     Converters — C-'>      n.9      w. 

isoo.    Vol.  n.  n.  isi.  Mch..  -on 


w- 


D-l. 


149. 


,  r-2.  D-i.  w-i2oo.    Vol.  ii 

Apr..   '0.*i. 

Inductio/1  Motors — P-S.  I-l.  W-2000 
^"l.   II.  J).   31t;.  Mnv.  '0.-, 

ExperitnentJil  test  -C-1.  W-lSon 
\  ol.   Tl,  p.   .Ts:,.  June,  'o.-, 

EockoYl  Satiirntlon  —  C-1.  W-SO.i 
^  ol.   II.   p.    4.-,:.   .Tutv.   'o- 


P.  .'>S1, 
Vol.  II 
W-soO. 


Power    Curves  —  T-1.    C-"     W-iiiio 
Vol.  II.  p,  513.  Aug.  '05.  ^"''• 

Lcsses — \V-300.        Vol      II 
Sei>t..    '05. 

Temperature  Test — W-200 
p.  0  4  2.  Oct..  '05. 

Commercial     To.stinj? — D-1 
N'ol.   1 1.  p.  r,  11'.  f),i.,  •(),-,.  ' 

Short-circuit    Current — Q     p     n 
Copper   Loss      i.^.    1;.    t,ij. 
Artificial  Loads — q.  u    20"    "49   4 -.4 
Begiilation      i>.    p.    .(2.'i.        '  -   '•    ■    • 
Methods  of  Loading-  Large  Alterna- 
tors for  Test      K.    1 ..    X.-wbTirv.      .'om- 

V,f  o^V.V®,.''^''''""^'^    ^■''^'»    "iree   methods. 
r-3,  \\--2.^.2,^,.       Vol.  IX, J..  t;S4.  Aug.,  '12. 

*E)  C.  P.  Steinnietz.  \V-725.  p.  659. 
ihZ)  B.  G.  Earn  me.  \V-150,  p.  ijC2. 
Heat   Test      '<     I;     10-. 

T».tlnff    Voltaflre— C.    E.    Skinner. 
Five    methods     for     measuring    the 
testing    voltage.       W-SOO.       Vol     li 
p.   til2.  Oct..  '0.^,.      Three  methods  of 
varying    the    testing    voltage.      D-8 
W-1200.      Vol.    H.    p^   54  4,    Sept..    '05: 

Motor-Qenerator     Teatlnr C      J 

TtY-  a"^"^'  .^;^'  ^^-800-  Vol.  III.  p.- 
476.    Aug.,    '06. 

Short-ClrcnltB,    Testing-    CoU«   for 

— M.  H.  Pickelli.iui.t.  1 1-1  1-''  \v'- 
200.      Vol.    1,   p.   116,   M^^.,,  _   ■•Q^    -■ 

Temperature  Rises   With  a  BUde 

Kule— Miles  Walker.  I>ayout  of 
Bcale;    example:    explanation.      T-1 

I>-2.  \V-4o„.       y,,i  II,  ,,    ,;,,4    ^;„^._  .,,.; 

Short-Circuit  Test  Without  Instru- 
ments— Leonard      Work.        An      emer- 
gency     Incident.      I-l.      W-525.        Vol. 
^  n.    p.    79,   Jan..   '10. 
ABMATUBE. 

Winding      of      Dynamo-Electric      Ma- 
chines. 

Introductory— R.  A.  Smart.  Classl- 
ncation  of  windinK.s.  principle  forms 
^  1  '-''tV^  f'"!?'''^?^-  Slot.s.  Throw. 
T^}'  P'*'  V^^-  W-1700.  Vol.  VII.  p. 
451.  June.     10.  ^ 

(E)    Winding   as   a    mechanical    op- 
eration.     W-550,  p.   4  28. 
Small    Direct   Current   Machines. 

Threaded  -  In  -  From-the-Reel  Typa 
Tools  and  materials.  T-1  D-3  1-9 
W-2100.      Vol.    VII,  p.   460.  June,  '10. 

Threaded  In  Type.  For  sizes  be- 
tween one  and  three-(|uarters  and  Ave 
horse-power,  p-2.  1-7.  W-1700.  Vol. 
VII,   p.   647.  July,     10. 

Open       Slot       Winding.      For      sizes 
above    five    horse-power.      Colls    Insu- 
lated   before   inserting.      I-IQ.   W-1675 
\oI.    \li.   p.   .-,-,;:.   .iiiiv.    '10. 
Small    Induction    Motors. 

Skein  Wound  Type.  F<ir  .-"m.-inrr 
sized  machines.  Slngle-ph,i><e  1 -ul 
polyphase.  Winding  of  siator  and 
rotor.  Self-starting  sliigle-pha.>;e  con- 
nections. D-5.  1-9.  W-ISOO.  Vol  VII 
p.    643.    Aug..     10.  • 

Basket  and  Diamond  Types.  For 
larger  sized  machines.  D-3  I-13  W- 
4350.      Vol.    VII.    p.    693.    Sept..    MO. 

Induction  Motor  S  'ii'r- 

rel  cage  type.      Ph  '    i  ,. 

L^I-2,  W-1175.    Vo!     ..,,    i.     ,„„.  ..,ept.. 

Direct-Current  Railway  Type  Mo- 
tors. D-5,  1-17.  W-4fiOrt  V^ol  VII 
p.   816.   Oct..   -10                                  '•  "• 

Winding  DeslgTi— Q.    p.   3  49. 
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Large  Direct-Current  Machines — 
Operating  conditions.  Assembly  of 
core.  Strap  coils;  methods  of  insu- 
lating. Winding  the  armature. 
Cross-connections.  Banding.  Bal- 
ancing. Rotary  converters.  Three- 
wire   generators.     I-ll,   W-4075.     Vol. 

VII,  p.  895,  Nov.,  '10. 

Winding  Large  Alternating-Cur- 
rent Machines.  Types  of  windings 
for  alternators;  induction  and  syn- 
chronous motors.  D-2,  1-9,  W-40B0. 
Vol.  VII,  p.  970,  Dec,  '10. 

Determining  the  Form  of  a  Dia- 
mond Coil — G.  E.  Miller.  D-4,  W- 
2125.     Vol.  VIII,  p.   94,  Jan.,  '11. 

Insulating  Materials — See  Materials 
— Insulating. 

Alternating-Current  Turbo  Genera- 
tors— Insulation;  bracing;  testing. 
T-1,  1-7,  W-1975.  Vol.  VIII,  p.  291, 
Mar.,  '11. 

Field  Coils — -J.  L.  Smith.  Construc- 
tion to  stand  mechanical  and  elec- 
trical   stresses.       I-l,    W-2000.       Vol. 

VIII,  p.    394,   Apr.,   '11. 
Connections   of  Alternating-Current 

Machines — M.  W.  Bartmess.  Group 
windings;  full  and  fractional  pitch 
windings;  wave  windings.  D-IS,  W- 
2125.     Vol.   VIII,   p.   468,   May,   '11. 

Clxanging  Phases — Q.  B.  655,  937. 

Checking  of  Connection  Diagrams 
on  Three-Phase  Machines  —  H.  C. 
Specht.  D-6.  W-1000.  Vol.  VIII,  p. 
671,  June,  '11. 

Connections  for  Direct-Current 
Windings — H.  C.  Walter.  Method  of 
laying  out  lap  and  wave  windings. 
D-7,  W-1375.  Vol.  VIII,  p.  646.  July 
•11. 

Portable  Insulation  Testing  Outfit 
— C.  S.  Lawson.  Transformer  for 
BOO  to  30000  volts;  controller,  spark- 
gap,  etc.  D-2,  I-l,  W-1175.  Vol. 
VIJI,  p.  721,  Aug.,  '11. 

Winding'  of  Direct-Curreut  Arma- 
tures— A.  C.  Jordan.  D-6.  1-7,  W- 
2800.     Vol.  II,  p.  738,  Dec,  '05. 

1-6,  D-5.  W-2700.  Vol.  Ill,  p.  45, 
Jan.,  '06. 

Wiudingf  Armatures  for  Couvtaut 
Potential    "D.C."     Maohlner  y— 

D-17,    1-7,    W-3000.      Vol.    II,    p.    69, 
Feb.,  '05. 

Armature  Windings — F.  D.  New- 
bury. Open  -  type,  single  -  phase. 
D-7,  W-1800.  Vol.  II,  p.  341,  June, 
'05.  Two  and  three-phase  open- 
type.  D-8,  1-4,  W-1600.  Vol.  II,  p. 
418.  July,  '05. 

Windings — Q.  B.  14,  100,  101,  216, 
535,    567,    774. 

Armatures:  Tests  for  Short-Clr- 
cuits — M.  H.  Bickelhaupt.  I-l,  W- 
250.     Vol.  I,  p.  115,  Mar..  '04. 

Short-Circnit  Test:  Armature — 
H.  Gilliam.  See  (E)  p.  585,  D-1.  W- 
300.      Vol.  II,  p.   579,   Sept.,  '05. 

Armature  I^eads,  Breaking  of,  in 
Small  Motors.  Causes  of  breaking. 
W-300.      Vol.   I,   p.    685,  Dec,   '04. 

Pressing    on    Armatures    on    the 
Rood — S.    L.    Sinclair.      D-1,   W-700. 
Vol.   Ill,  p.  710,  Dec.  '06. 
Pressing  on  Rotor — Q.  B.  920. 

Soldering  Bar  Windings.  W-800. 
Vol.    II,   p.    691,   Nov.,  '05. 

Wedging  of  Railway  Motor 
Armatures — F.  C.  Vehslage.  W- 
300.     Vol.  in,  p.  240,  Apr.,  '06. 


Apparent  Orounding  of  Arma- 
tures.    S.   M.  Kintner.     D-2,   W-850. 

Vol.   Ill,  p.   176,  Mar.,  '06. 

Repairing  Short-Circuit — Q.   B.    211. 

Operation  with  Damageo  Coil — Q. 
B.    77S. 

Rewinding  Series  Motor — Q.  B.  49, 
869. 

Changing  Voltage — Q.  B.  29,  273, 
274,   761,   915. 

Armature  Coils — Q.  B.  62S,  65S,  660, 
667.  838. 

Size  of  Shaft — Q.  B.   104. 

Magnetism  in  Shaft — Q.    B.    653. 
BBARUTGfS    AND    PARTS 

Iiuhrication    of    Railway    Motors 

— J.       E.       Webster.     1-2,      W-1100. 

Vol.   I,  p.   378,   Aug.,   '04. 

Railway  Motor  Bearings — W.   H. 

Rumpp.     W-600.     Vol.     II,     p.     243, 

Apr.,   '05. 

Use  of  Oils — Q.  B.  430. 

Oil   Chain — Q.    B.    893. 

Maintenance — Q.    B.    484. 

Overheating — Q.  B.   498. 

Current  in — Q.  B.   607. 

Operation  under  Water — Q.  B.  786. 
COMISCUTATOR 

Care  and  Operation  of  Commuta- 
tors— W.  A.  Dick.  Mechanical  and 
electrical  points.  Repair  devices.  I- 
11,  W-4600.     Vol.  IX,  p.  378,  May,  '12. 

(E)   E.  M.   Olin.    W-525.    p.   373. 

Care' of — Q.   B.    121. 

Problems  in  Commutation — Miles 

Walker.     T-1,      C-3,      1-9,      W-4000. 

Vol.   IV,  p.   276,  May,  '07. 

(E)    J.  N.   Dodd.      W-675,   p.   243. 
Mechanical  Aids  to  Commutation 

—J.    N.    Dodd.      1-21,    W-6500.      Vol. 

III,  p.  306,  June,  '06. 
Commutators     and     Commutator 

Building.     W-1600.      Vol.        Ill,       p. 
119,  Feb.  '06. 

Skewing-  Bars — O.  B.  692. 
Allowable  Variation — Q.  B.   691. 

Commutators,     Repairing     Fitted. 
W-loO.      Vol.    I,   p.   685,   Dec,   '04. 
Pitting — Q.  B.    800. 
Pitted  Collector  Rings — Q.  B.  631. 

Construction:  Ijarge  Commuta- 
tors. 1-2,  W-1000.  Vol.  I,  p.  303, 
Jun.    04. 

Construction:  Small  Commuta- 
tors— ^M.  H.  Bickelhaupt.  1-3,  W- 
600.      Vol.   I,   p.   113.  Mar.,  '04. 

Rebuilding    Commutators — H.    V. 

Rugg.    W-275.    Vol.  IV,  p.  178,  Mar.,'07. 

Insulation.   Waterglass  —   M.   H. 

Bickelhaupt.      W-150.      Vol.    I,    p.    50, 

Feb.,   '04. 

Oil,  Trouble  Caused  by — W-400. 
Vol.  II,  p.  55,  Jan.,  '05. 

Oil      on      Commutator    —    Leonard 

Work.  W-325.  Vol.  VT,  p.  122,  Feb. ,'09. 

Types   of   Carbon   Brush    Molders 

— C.      B.      Mills.      1-2,     W-800.      Vol. 

IV,  p.    48,   Jan..   'n? 

Sparking  in  Holders — Q.   B.   118. 

Undercutting — Q.   B.   32.   348.   879. 

Turning-  Down — Q.  B.  75,  390. 

Mica — O.  B.  153. 

Blackening — 0-    B.    195,    336. 

Sparking — Q.   B.    592. 

Burning — Q.  B.  356,  455,  876,  886. 
9S7. 

Flat  Spots — O.   B.    568. 

Scratching — Q.    B.    564. 
BRUSHBS 

Iiubrication — O.  B.   347. 

coppered — Q.  B.   47G. 

Electrolytic   Action — Q.   B.i  480. 

Copper  vs.  Carbon — O.  B.  559. 

Tinning  Carbon — Q.  B.  603. 

Testing — Q.  B.   736. 
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Removlnfr  oil  — Q.  I{.  777. 

Pittinsr  and  Burning — Q.  B.  2S8. 

Etfect  of  Vibration — Q.  B.   946. 
TIHImH   WZHBI170 

Sii-  ".\i-iii:i  lino   Windinpr." 

Pleld  Colls,  Indestructible,  for  Ball- 
way  Motors.  1-3,  \V-800.  Vol.  I,  p. 
48t;,   Ki'iit..   '04. 

Intermittent  Open-Circuit — WiUiam 
Nesiblt.  Trouble  in  field  coil.  W-325. 
Vol.    \',   p.    :,-iO.    Sept.,   '08. 

A  Reversed  Field  Coll — R.  H.  Fenk- 


.  250. 

72. 
lis. 


hiausiii.      \V-225.      Vol.      Vl,      ^. 

Apr.,     09. 

Position  of  Series  Coil — Q    B 
Dischargre    Resistance — Q.     B 

ITii. 

Broad  Neutral — Q.  i:    S7. 
Long-  vs.  Short  Shunt — Q.  B.  894 
Shape  of  Yoke — Q.   B.   fi47. 
Steel  for  Yoke — Q.  B.   38G. 
FRAMB,        BASE,        PrElD        COBB 
STANDARDS.    CAPS 

Frames,  Structural  Steel  Alter- 
nator. European  designs  and  rea- 
sons for  their  use.  W-200.  Vol.  I, 
p.   488,  Sept.,  '04. 

Hub«  of  Large  Botatlng  Fields. 
W-100.      Vol.   I,   p.    248,   May.    '04. 

FOUNDATIONS,  BEDPLATES  AND 
APPURTENANCES 

Fonndatlona  of  Generators — M 
H.  Bickelliaupt.  W-150.  Vol  I,  n. 
181.  Apr..  '04.  ^ 


Direct  Current 

Characteristics     of     Direct-Curren* 

Generators— H.  W.  I'ock    C-1     I)-l     \V- 
1'^""-      V..1.    II.   ,,.   :;7.  Jan.,   •,);-. 

Operating  Characteristics  of  Com- 
mutating  Pole  Machines — j.  M.  Hip- 
pie.    D-5,  \v-t;275.     Vol.  virr.  p.  iocs. 

Turbine      Driven      Direct  -  Current 
Generators- David   Hull.    Analv.si.s  of 
advantai;<s    of    reduction    erear    drive 
1-5.   W-930.     Vol.   X.    p.   429,   Mav.   'Is! 

(!•:)    K.    1'.   Dillon.    \V-410,    p.    410. 

Turbo  -  Generators  —  Enrouean 
Practice— J.  S.  S.  Cooper.  D-2.  1-15 
\V-.'!2-.ii.      Vol    V.    p.   4  2t;,    Aup.,   -OS. 

m:»    \V.    A.    Dick.      W-4(H»,   p.    421. 

Difflculty  of  Paralleling  Generators 
Due  to  Unequal  Air  Oaps^-l.oonnrd 
Work.  A  trouhio  oxpeiiencc  W- 
925.      Vnl.    VIII.    p.    1033,    Nov.,    'l]. 

Sanaliser  Blngs — M.  H.  Blckel- 
haupt.  D-3.  W-800.  Vol.  I,  p.  48. 
Feb.   "04. 

Some  Troubles  with  Direct-  Cur- 
rent Machines — -Andrew  MrTlffhe 
W-950.      Vol.    III.   p.    358.  .Iiine.   '06. 

W.  H.  Eager.  W-1000.  Vol.  IV.  p. 
198,    May,   '07. 

A  Faulty  Connection — J.  E.  T.,atta. 
Effect  of  conne<^tlnjr  shunt  field  and 
starting  box  In  parallel.  D-2,  W-400 
Vol.   IV,   p.   52,  Jan..  '07. 

Difflculty  with  Motor-Generator  Set 
Due  to   Wrong  Exciter  Connections 

E.  T.  Sill.  A  trouble  oxprrlfiire  D- 
1,  W-575.  Vol.  VIII,  p.  T.'^l,  Aug.,  'U. 
Beversal  of  Exciter  Field — C.  W. 
Kinney.  Dry  batterle.s  used  to  make 
the  machine  pick  up  in  right  direc- 
tion. D-1,  W-300.  Vol.  V,  p.  116 
Feb.,   '08. 


Lifting  Brushes^ — Q.   B.   15. 

Variation  of  Air-Gai»-— Q.  B.  ic,  ICi. 
85'j. 

Shape  of  Slot — Q.  B.  197. 

Reducing    Fluctuations — Q     B     203 

Starting— (J.    i;.    :;:;r,.    749. 

Polarity — 1.>.   ];.    ;i.-,.i,   840. 

Current  and  Voltage — Q.  B.  671. 

Back  Ampere-Turns — Q.  B.  830. 

Cross  Connections — Q.  B.  597. 

Operation    of    Exciters — Q.    B.    877 
9G.'.. 

Highest  Voltages — Q.  B.  639 

UNIPOLAB 

Notes  on  Large  Unipolar  Generator 

— \V.  A.  Dirk.  Principles  and  fea- 
turc.s  of  design.  Reasons  for  limited 
application.  C-1,  D-2,  1-7.  W-1675. 
Vol.  IX,  p.   732,  Sept..  '12. 

(K)    W.   K.   Dunlap.     W-375,   p.   729. 

Unipolar  Generator — Q.   B.    22,   379, 

SHUNT   AND    COMPOUND 

Three-Wire    Direct-Current    Gen- 
erators— A.    H.    Mclntire.     D-5,    I-l, 
W-1200.      Vol.    III.    p.   290,   May.   '06. 
Nature  of  Current — O    B    31 
Three-Wire    Generators — Q. '  B 


8  0 


40, 


Remedying  Trouble  with  Three- 
wire  Generator  Balance  Colls — K 
E.  Sommer.  W-300.  Vol.  HI  n 
600,  Oct.,   '06. 

Trouble     on    Three-Wire     System 

Blowing  of  fuse  caused  mysterious 
operation.  D-1.  W-750.  Vol.  VI,  p. 
B5.   Jan..   '09. 

Direct-Current  Balancer  Seta — A.  C. 
I^anioi".  Sliunt  and  compound  tvpes 
for  three-wire  circuits.  Voltage  regu- 
lation; offlciency.  C-4,  D-1 5,  W-7050. 
^  ol.   IX,   p.    1036,  Nov.,  '12. 

Pumping    of   Two   Direct- Current 

Generators — B.  C.   Sblpman.     Cause 

of     trouble     and      remedy.      W-600. 

Vol.    II.    p.    354,   June.   '05. 

Parallel  Operation — C.  I.  Young. 
Method  of  calculating  proper  adju.st- 
ments.  C-2,  D-2,  W-4125.  Vol.  VIII, 
p.  974,  Nov.,  'll. 

Paralleling  Two   Generators — H.    L. 
Beach.     An      experience      illustrating 
necessity  of  properly  adjusting  series 
field  resLstances.      W-400.      Vol.   VI,  d 
565,  Sept.,  '09. 

Parallel  Operation  of  Generators 
and  Motors — Fi.  I,.  l?oa,>!i.  Calcula- 
tion and  mcttiod.s  of  adju.stment  of 
resistances  of  series  fleld.s.  D-3.  W- 
2100.      Vol.   VI,  p.  681,  Nov..  '09. 

(K)  William  Cooper.  W-1000.  p.  640. 

Paralleling  Generators — Polarity  of 
one  machine  rever.sod  bv  wronir  con- 
nectbm  to  an  exlernal  circuit.  W-575. 
Vol.    \  I,    p.   37(;.   June.   "09. 

Parallel  Operation — Q.  R  83.  139. 
12  1.    1.-,;..  ;,i;.-,,  504.  726.  835.  S68.  913. 

Equalizer — Q.   B.  566. 

aeries  Shunt  Adjustment — M'  O 
McConiion.  W-r.r.ii.  Vol.  III.  p.  418, 
Julv.   '(o;. 

Series  Field  Shunt —Q.   B.   918. 

Over- Voltage     «.•.    B.    318. 

Speed     Variation — Q.     B.     169,     171 
•I  \:>.   .' !>.",,    '.I  I  ( 

Bnlldinjr-Hu  Voltaire — Q.   B.   SS4. 

220   V.  Motor  on  5O0  ▼. — JQ.   B.    72*. 

Compoundinsr      1^1     B.    51. 

Beverscd   Current— -Q.    B    93. 

Parallel  Motors   -Q.   B.  352. 

Magneto  Generator — Q.  B.  688. 
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BEBXXS 

The  Modern  Railway  Motor — D.  H. 

Ackerson.      Growth    and    development 
in  various  details.     1-17,  W-4050.    Vol. 

IX,  p.  894,  Oct.,  '12. 

Railway  Motor  Construction — J.  S. 
Webster.  1-8,  W-4700.  Vol.  Ill,  p. 
67,  Feb.,  '06. 

Building:  of  Railway  Motors — C.  B. 
Auel.  Methods  employed  at  works  of 
Westinghouse  Elec.  &  Mf^.  Co.  1-20, 
W-4275.     Vol.  VIII,  p.   870,   Oct.,  '11. 

The  Manufacture  of  Railway  Appa- 
ratus— R.  L.  Wilson.  1-8,  W-3670. 
Vol.    X,    p.    1030,    Oct.,   '13. 

Motor  for  Iiow  Floor  Cars — F.  W. 
McCloskey.      C-5,    I-l,    W-2820.      Vol. 

X,  p.    1013,   Oct.,   '13. 

(E)   M.   B.  Lambert.    W-755,   p.   914. 

Capacity  and  Rating'  of  Railway 
Motors — N.  W.  Storer.  C-3,  W-4  700. 
Vol.  V,  p.  393,  July.  '08. 

Gear  Ratios — N.  W.  Storer.  T-1, 
C-9,  W-2125.    Vol.  V,  p.  510.    Sept.,  '08. 

Plashing-  in  Railway  Motors — J.  A. 
Reeves.  Effect  of  commutating  poles. 
C-3,  I-l,  W-1065.  Vol.  X,  p.  1042, 
Oct.,    '13. 

Testing^    Railway    Car   and   Iioco- 

motlve    Equipments — H.    L.    Beach. 

Description      of      "fly-wheel      test' 

D-1,  C-1,    1-4.   W-2400.      Vol.   Ill,  p. 

702,  Dec.  '06. 

(E)  William  Cooper.  W-650,  p.  661. 
Testing      Railway      Motors      (E) 

William   Cooper.     W-SOO.      Vol.    Ill, 

p.  481,  Sept.,  '06. 

Iioading-    Back    Testing'    of    large 

Railway    Motors — C.   J.    Fay.      D-3, 

W-llOO.     Vol.   Ill,  p.   525,  Sept.,  '06. 
Buckinif    of    a    Railway    Motor — 

M.     H.     Bickelhaupt.     W-loO.     Vol. 

I,  p.  181,  Apr.,  '04. 

Motors  for  Railway  "Work.  Se- 
ries vs.   Shunt — F.  E.   Wynne.    D-5, 

W-1200.     Vol.  Ill,  p.   14.  Jan.,   '06. 

Field  Dampers — Q.  B.  138. 

Operation  in  Series — Q.  B.  510. 

Heating-  on  Low  Voltag-e — Q.  B.  769. 

Ventilation — Q.   B.   828. 

COMMUTATHTG    POIiE 

Auxiliary   Pole   Motors   —   J.    M. 

Hippie.     C-2,  I-l,  W-1500.     Vol.  Ill, 
p.  275,  May,  '06. 

Oscillograms  of  -Wave  Forms  of 
Auxiliary  -  Pole  Dynamos  —  J.  N. 
Dodd.  C-10,  W-1000.  Vol.  Ill,  p. 
B31,   Sept..  'Oft. 

Interpole  Railway  Motors — J.  L. 
Davis.  C-2,  E-7,  W-4600.  Vol.  VII, 
p.    752,   Oct.,   '10. 

ITse    of    Inter-Poles    on    Railway 
Motors — Clarence    Renshaw.        D-5, 
TV-1200.      Vol.   IV,   p.   434,   Aug.,   '07. 
Skewed  Poles — Q.   B.   13. 
On  Compound  Motor — Q.  B.   168. 
Starting  M.-G.  Set — Q.  B.   531. 
Operation — Q.    B.    611. 
Shunting  Windings — Q.  B.  621,  90b. 
Reversing — Q.   B.   752. 
Speed  Characteristics — Q.   B.   779. 
•Windings — Q.    B.    923. 
Testing — Q.  B.  841. 

Alternating  Current 

(For  Power-Factor  see  p.  21) 

Grounded  ZCentrals  in  a  High  Ten- 
sion Plant — C.  W.  Bicker.  D-2.  1-3, 
W-3200.     Vol.  Ill,  p.  507,  Sept.,  '06. 


Grounded  Neutrals  with  Series 
■istances.      Percy    H.    Thomas.      Dis- 
cussion.     (E.)      W-1100,     Vol.    Ill,    p. 

483,  Sept.,  '06. 

The  Grounded  Kentral — Chas.  F. 
Scott  (E).  W-1000.  Vol.  IV,  p.  662, 
Dec,  '07. 

ITeutral  Currents  In  Star- Connected 
Generators — George  I.  Rhodes.  C-10, 
W-1500.  Vol.  IV,  p.  382.  July  '07. 
(See  also  Vol.  Ill,  p.   581,  Oct.,  '06.) 

(E)    Chas.   F.  Scott.     W-900,  p.  361. 

Choice  of  Frequency — Chas.  F. 
Scott  (E).  W-700.  Vol.  IV,  p.  124, 
Mar.,  '07. 

Dampers  for  Synchronous  Ma- 
Dhine — E.  L.  W^ilder.  D-6,  1-2,  W-800. 
l^ol.   II,  p.   26,  Jan.,  '05. 

(E)   P.  M.  Lincoln.     W-500,  p.  ?. 

(E)   K.  C.  Randall.     W-300,  p.  3. 

Dampers,  Copper  In  Alternating- 
Current  Machines.  W-200.  Vol.  I.  p. 
?68.  July,  '04. 

Trouhles  with  Alternators — W.  F. 
Lamme.  W-13B0.  Vol.  Ill,  p.  58, 
Jan.,  '06. 

Transmission  System:  Synchronous 
vs.  Induction  Motors — Chas.  F.  Scott. 
See  (E)  p.  131.  W-4000.  Vol.  II,  p. 
86,  Feb.,  '05. 

DifiSculty  in  Maintaining  Voltage — 
Leonard  Work.  W-1398.  Vol.  X,  p. 
SS3,  Apr.,  '13. 

AXiTBRlTATORS 

High    Speed    Turtoo-Alternators — B. 

G.  Lamme.  Their  design  and  limita- 
tions. Ventilation.  Temperature.  In- 
sulation. Losses.  Regulation.  1-9, 
W-5940.     Vol.  X,  p.  109,  Feb.,  '13. 

(E)    P.   M.   Lincoln.      W-710,  p.   105. 
The      Construction,     Periomianos 

and    Operation    of    Alternators — P. 

M.    Lincoln.     Notes   on    various   de- 
tails.     T-1,   C-1,   D-7,    1-14,   W-9400. 

Vol.  Ill,   p.   545-631-668,   Oct.,   Nov., 

Dec,  '06. 

Effect  of   Over-Speed — Q.   B.    467. 

Theory  of  Operation — Q.  B.   563. 

"Wave  Form — Q.   B.   934. 

Design,  Advantages  of  Liberal — B. 
G.  Lamme.  1-3,  W-1000.  Vol.  II,  p. 
284,  May,  '05. 

Comparative  Capacities  for  Poly- 
phase and  Single  -  Phase  —  B.  G. 
La«mme.  T-1,  D-2S,  W-SOOO.  Vol. 
VIII,  p.  672,  Aug.,  '11. 

(E)   A.  H.  Mclntire.      W-725.  p.  667. 

Single-Phase  Loads — Q.  B.  212,  260, 
3*^1 

Rational  Selection  of  Generators — 
F.  D.  Newbury.  (See  E,  p.  193,  Apr., 
'09.)  T-2,  C-2,  D-2,  W-4700.  Vol.  VI, 
p.   583,  Oct.,  '09.  ' 

Turho-Generator  —  Wew  Desiirn* 

— B.  G.  Lamme.      (E).     W-725.    Vol. 

V,  p.  549,  Oct.,  '08.      (See  article  by 

Mr.  R.   N.   Ehrhart,  p.   574.) 

Construction:     5000     kw     Engine- 
Driven  Alternators — R.    L.    Wilson. 

W-600.     Vol.  II,  p.  287,  May,  '05. 

Air  -  Gap  of  Turbo  -  Generators. 
W-400.     Vol.  I,  p.  301,  June,  '04. 

Air- Gap — Q.   B.   82. 

Intermittent  Open-Circuit — An  ex- 
perience with  two-phase,  composite- 
wound,  interconnected  alternators  op- 
erating in  parallel.  W-775.  Vol.  VI. 
p.    182,   Mar..   'C9. 

■Unbalancing  of  Voltages  Due  to 

■nnequal    Air-Gap — G.     W.     Canney. 

W-500.     Vol.  V,  p.  668,  Nov.,  '08. 
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Aligning  ^arg*  Turbo-Alternator 
— E.  L..  Doty.  W-476.  Vol.  V.  p. 
666.   Nov.,   '08. 

Pield  Construction.  1-3,  W-300. 
"Vol.   1,  p.    GL'L',   Nov.,   '04. 

Balancing'  Turbo  Endbells — ^I-l,  W- 

200.     \'..i.  1.  I.,  i;:;.;.  Nov..  'oJ. 

Auxiliary   Windings — Q.    B.    18. 

Short-Circuit— g.  B.  19,  165,  264, 
416. 

Power-Pactor    of    Generator — Q.    B. 

12c,   129,   142,  2(J.J,   470,   558,  570,   743. 

Tel-Harmonic — Q.  B.   254. 
Inductor— ij.    B.    362,    431,   463. 
Induction  Tsrpe — Q.   B.   107,   493. 
Monocyclic — g.   B.   706. 
Overloads — Q.   B.    758. 
Over-Voltage — Q.   B.   728,  759. 
Insulation  Resistance — Q.  B.  874. 
Prequency — g.  B.   768,  865,  919. 
High  voltage — Q.  B.  930. 
Excitation — g.  B.  490,  99C. 
Ageing  of  Iron — Q.  B.  772. 
Disconnecting   from   Circuit — Q.    B. 
935. 

Unbalanced  Iioad — Q.  B.  534. 

Parallel  Operation 

Parallel  Oi>«ration  of  Tnrbo-Oen- 
erators— I-l,  \V-!>00.  Vol.  11,  p.  67. 
Feb.,   '05. 

Cross    Currents — R.    F.    Howard. 

W-225.      \ul.  V,   ,,.   473,  Aug.,  '08. 

Causes  of  Hunting  in  Synchronous 
Machinery— B.  G.  I^amme.  W-1025. 
Vol.  VIII.  p.  555,  June,  '11. 

parallel  Operation — Q.  B.  201,  429, 
4S7,   5t'.:'.   012,   <n:',,   S5,8,   903.   971. 

Pield  Adjustment — Q.  B.  65.  595, 
633. 

Circulating     Currents  in     Thr»«- 

Phas*      Generators — A.  G.      <^rler. 

T-1.   C-IS.   l>-0,    \V-1400.  Vol.    IV.   p. 
is;t.  .\[)r  ,  'iiT 

Circulating  Currents  Between  Al- 
ternators  Cause   of   Phantom   Iioad — 

r.,eonard   \Vf)rk.     .\    troubl'^  cxperi'-'nce. 
W-ll,->o.      Vol.    VIll.    p.    i;5.    July.     11. 

Synchronizing  of  Alternating-Cur- 
rent Machines,  n-4.  I-l.  \V-1500.  Vol. 
I,  p.  f.T'.i,    I  >.(•.,  '04. 

Synchronizing  —  R.     F.     Howard. 

SImplft   emergency    method.     W-SOO. 

Vol.    V.    p.    473,    Aug..   '08. 

Connections  for  Synchronizing — 
Hari)ld  W.  Brown.  standard  dia- 
grams for  all  practical  cases.  D-25, 
W-2450.      Vol.    IX,   p.    634.  July.   '12. 

Connections     i.>.   i;.  5.1  n. 

Pbasintr  Out  Polyphase  Circuits — 
Harold  \V.  Brown  and  S.  .S.  Ncu.  1  »- 
16,    W-3050.     Vol.  IX.  p.    437.    May.  "12. 

Phasing  Out     (.•    1;    •.'23.  256.   9«.T. 

Synchronizing  Devices  —   See  Syn- 

ClW'S'-' 'I"-S  I..      JJ. 

Synchronizing — Q.  B.  157,  17.*.  275, 
8S1. 

Resistance — Q.  B.  376. 

Testing 

Diagrams:    Regulation    of    Alter- 
nators— V.      Karapotofr.        D-5,      W- 
:?200.      Vol.   I.  p.   .S32.  Oct..  '04. 
Reirnlation     Q.  B.  ^i"^?.. 

Turbo- Oenerator:  Test  of  a  S500 
kw— I-'r-'d  V  Wooiburv.  1-2.  W-J.'.u. 
Vol.   I.  p.   225.   May.  '04" 

Klsrh-Tsnslon  Water  Rheostat 
for  Testing— N.  C.  Olln.  I-l.  W- 
760.      Vol.   V.   p.   235,  Apr..  'eS. 


Artificial  Iioading  of  Zi&rge  High 
Voltage    Qenemtors — N.    J.    Wilson. 

T-1.    1-4.    \V-:;uOO.      Vol.    IV.    p.    611, 
Nov.,  '07. 

"Water  Rheostat  for  Testing 
1300  Volt  Alternator — VV.  L.  Du- 
rand.  D-1.  VV-400.  Vol.  V,  p.  667. 
Nov.,    '08. 

Test    at    80    Percent    Power    Fac- 
tor— T.     Frazer.        1  250     k.v.a.     ca- 
pacity.     Load    obtained    by    combi- 
nation  of   water   rheostat  and   syn- 
chronous   alternator.      D-1,    W-500. 
Vol.   V,   p.    61,   Jan..   '08. 
Test  of  High  Voltage  Generator  at 
Constant      Power  -  Factor   —   Gordon 
Kribs.     Use   of   water   rheostat,   large 
motor     and      small      motors      running 
light.     W-250.     Vol.  VI.  p.  53,  Jan.,  '09. 

STKCHRONOUS  MOTORS 

Self-Starting  Synchronous  Motors 
— Juns  Bactie  Wiig.  1-4,  W-2u5u 
Vol.    VI.  p.   347.  June.  '09. 

Self-Starting— g.  B.  76,  305,  377. 
44:j. 

starting  Scheme— Q.  B.  753,  810. 
9CS. 

Industrial  Application — Q.  B.  S27. 

Excitation — 1<.   i;.   ,S33. 

Power  for  Starting — g.  B.  849. 

Alternating    Excitation — Q.    B.    966. 

Field  Current — g.   B.  4 SI. 

Changing  Phases — g.   P..   504. 

Improving  Power  -  Factor  —  See 
"rower-Factor,"    p.    21. 

INDUCTION    MOTORS 

Polyphase  Motor — B.  Q.  Lcrame. 
A  comprehen.sive  article.  C-16.  D- 
11.  1-6,  W-4700.  Vol.  I,  p.  431.  Sept., 
•04. 

Tesla  Motor  and  the  Polyphase 
System — Chas.  F.  Scott  (E).  W-000. 
Vol.    I,   p.   55S,  Oct.,  '04. 

Diagrams:  Primary  and  Second- 
ary Flux  and  Voltages — V.  Kara- 
peloff.  D-2,  W-1500.  Vol.  I,  p.  606, 
Nov..  '04. 

Heyland  Diagram,  AppllcatloB 
of.  Part  I. — V.  Karapeioff.  See 
p.  118,  Feb.,  '06.  D-4.  W-4200. 
Vol.  I,  p.  65S.  Dec..  '04.  See  p.  658. 
I  )."(•..  '114.  ('-.?.  D-l.  "W-ISOO. 
For  Small  Motors — g.  B.  659. 

Characteristics  by  the  Vector 
Diagram  -11.  C.  Specht.  T-1  C-1. 
1)-1,  \V-120n.  Vol.  Tl.  tv  749.  Pec.  '05. 
Tangent    to    Saturation    Curve— Q. 

B.  •-■:. 

Osnos  Circle  Diagram      (<.   P.    !>;:.. 

Method  of  Studying  InductloB 
Motor  Winding — C.  R.  Poolev.  1-2. 
\V-450.      Vol.    Ill,    p.    521,    Sept.    '0«. 

Slip  Indicator  for  Induction  Mo- 
tors—f.     K.     Dool.'v.       I>-i-.,     I-':.     \V- 
2000.      Vol.    T.   n.    .-.;to.   N"v.   'ot 
Measuring   Induction   Motor    Slip — 

C.  W.  Kiriiaid.  Strobo.xcopic  meth- 
ods. 1-2.  W-1090.  Vol.  X.  p.  699. 
July.    '13. 

Starting  Induction  Motors.  In- 
ter-pha.fe  connection."*  of  two-pha.«»e 
generator  for  securing  low  volt- 
ajres.  P-1.  ■W-200.  Vol.  I.  p.  684. 
Dec.    '04. 

Transmission    System:    Induotloa 
TS.    Synohronons     Motor — Chns.     V. 
Srott        .'^.>o       (E>       p       l.'a.      •VN'-4000. 
Vol.    IT.    p.    S-;.    F*>b  .   '05. 
Principles     i.>     n     S.    .S21. 
Hlirh  Speed      g.   P.   297. 
Air- Gap      g    B.  395. 
Kind  of  Iron — Q.  B.  848. 
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Windings 

Ka-Connectlon  of  Two-Phase  Induc- 
tion Motor  for  Tliree-Pliase  Operation 

— D.       C.       McKeehan.     D-1,       W-350. 
Vol.  VIII,  p.  1035,  Nov..  '11. 

Delta  vs.  V-Connection — Q.  B.  21. 

Chang-e   in   Voltag-e — Q.    B.    63,    207. 

Change  in  Speed — Q  B.  112,  573, 
836,   853. 

Two-Speed — Q.  B.   887. 

Change  in  Phase — Q.  B.  296,  663, 
666,  782,  866,  909. 

Acid  Proof — Q.   B.    114. 

Tapeingf — Q.   B.   116. 

Drying- — Q.    B.    122. 

Skewed  Slots— Q.   B.   123. 

Soldering- — Q.    B.    223,    522. 

Rewinding- — Q.  B.      272,  501,  627,  64S. 

End  Stays — Q.  B.  285,  286. 

Starting   Winding — Q.    B.    341. 

Secondary  Grounds— Q.  B.  286,  378, 
394,   506. 

Primary  Grounds — Q.  B.   991. 

Cross  Connections — Q.  B.  509. 

As   Synchronous  Motor — Q.    B.    514. 

Pitch  Winding — Q.    B.    572,   664. 

Data  from  Name  Plate — Q.   B.    627. 

Grouping  of  Coils — Q.  B.  730. 

Omitting  Coils — Q.  B.   809,   823. 
Performance 

Standard  Apparatus  on  Standard 
and  Special  Prequencies — Rudolfh  E. 
HeUmund.,  C-3,  W-4750.  Vol.  VII, 
p.   680,   Sept.,  '10. 

(E)   R.   S.  Peicht.     W-450,  p.   666. 
Speed   Control:    Polyphase   Motor 

— B.  G.  Lamme.     C-S,  VV-3400.     Vol. 

I.    p.    503,    Oct.,    '04.      C-1,    D-8,    W- 

2600.     Vol.   I,p.   597,  Nov.,  '04. 

Speed  Control  by  Cascade  Connec- 
tion—H.  C.  Spect.  D-3,  W-2725.  Vol. 
VI,  p.   421,   July,  '09. 

Cascade  vs.  Single  Multi-Speed  In- 
duction Motors — H.  C.  Specht.  W- 
2250.     Vol.  VI,  p.  492,  Aug..  '09. 

Speed  Control  by  Prectuency  Chang- 
ers— H.  C.   Spect.     D-2,  W-2550.     Vol. 

VI,  p.  611,  Oct.,  '09. 

Motor  Speed  Variation — B.  G. 
Lamme  (E).  Comparison  of  possible 
methods.  Direct-current  analogies. 
W-1000.      Vol.   VI,  p.   577.  Oct.,  '09. 

Squirrel-Cage  Motors  with  Hip-h 
Resistance  Secondaries — Rudolfh  E. 
Hellmund.  Purposes;  advantages 
with  fly-wheel.  Slip.  Reducing  start- 
ing current.      C-6,   D-2,   W-1475.      Vol. 

VII,  p.  870,  Nov.,  '10. 

(E)    A.   M.   Dudley.      "W-575,   p.   847. 
Characteristics    Relative    to    Indus- 
trial Application — A.  M.  Dudlev.    T-1, 
C-6,  W-6500.    Vol.  V,  p.  366.   Jiilv.  '08. 
Squirrel    Cage   vs.   Wound   Rotor — 
Q.   B.   801. 

Characteristics  and  Applications  of 
Induction     Motor — W.      Edgar     Reed. 
C-2,  ■W-2300.      Vol.  Ill,  p.  607,  Nov.,  '06. 
(E)   G.  E.  Miller.      W-800,  p.  601. 

Effect  of  Voltage  and  Frequency 
Variations  on  Induction  Motor  Per- 
formance— Gerard  B.   Werner.     T-6. 
W-2000.      Vol.   Ill,   p.    400,   July,  '06. 

Variations  in  Supply  Circuit,  Ef- 
fect   of — J.    W.     Welsh.     T-2,     C-2, 
W-1800.     Vol.  II,  p.  551,  Sept.,  '05. 
Frequency — Q.   B.    962,   71. 
On  Power-Pactor — Q.  B.   134. 

Polyphase  Motors  Run  Single- 
Phase — G.  H.  Garcelon.  Efficiency. 
Phase-splitters.  C-1,  D-3,  W-1000. 
Vol.  IT.  p.  501,  Aug.,  '05. 
Operation — Q.  B.  767. 
Trouble  with  Induction  Motor  Due 
to  Low  Voltage — B.  B.  Brackett.  W- 
525.     Vol.  VIII,  p.   732,  Aug.,   '11. 


Abnormal  Operation  Due  to  High 
Prequency  —  Leonard  Work.  W-800. 
Vol.  VIII,  p.   576,  'June.  '11. 

Starting  Mill  Motors — W.  B.  Lewis. 
W-170.     Vol.  X,  p.  385,  Apr.,  '13. 

Humming — ^Q.  B.   7. 

Starting — Q.  B.  11,  180,  220,  290, 
308,  450,  673,  714,  763,  787,  791,  873. 

Reversing— Q.  B.  88,  95,  493,  513. 
661. 

As  Generator — Q.  B.  107,  428. 

Shape  of  Slot — Q.  B.   135. 

Torque — ^Q.   B.   136,   214,   931. 

Balanced  Load — Q.  B.  143,  375,  685. 

Dynamic  Braking — Q.   B.   227,   1000. 

Power-Pactor — Q.  B.  366,  636,  698. 

Over-Heating — Q.   B.   457,   807. 

Static  Shocks — Q.  B.   497. 

Special  Connection — Q.  B.  b07. 

Secondary  Current — Q.  B.  574,  740, 
927    938 

Half  Speed — Q.  B.   575. 

Temperature  Rating — Q.  B.  569. 

Refusal  to  Reverse — Q.   B.    596. 

Repulsion  Starting — Q.  B.   392,   748. 

Prequency  and  Design — Q.  B.  770. 

Parallel  Operation — Q.  B.  750,  804, 
806,   861. 

Testing 

Test  of  Induction  Motor  Wind- 
ings— G.  PI.  Garcelon.  D-5,  1-2,  W- 
2800.     Vol.  I,  p.  148,  Apr.,  '04. 

Transformer  Sel;  for  Testing  In- 
duction Motors — R.  A.  McCarty. 
D-2,  W-400.  Vol.  II,  p.  688,  Nov., 
•05. 

Efficiency — Q.  B.  33,  337,  739. 
Motor  Constants — Q.  B.  326. 
Loading — Q.    B.    20. 
Por  Short  Circuit — Q.  B.  164. 
Magnet  for  Testing — Q.  B.  662. 
Pan  Motors,  see  p.   30. 
133   Cycles — Q.    B.    339. 
Changing     Prequency — Q.     B.      340, 
622,   665. 

Power  Consumption — Q.  B.  502. 
Reversal — Q.  B.  520. 
Rewinding — Q.   B.    656,   688. 

Series  Motors 

Some  Phenomena  of  Single-Phase 
Magnetic  Pields — B.  G.  Lamme.  A 
simple  method  of  analyzing  cer- 
tain characteristics  applied  to  al- 
ternators, induction  motors,  both 
single  and  polyphase.  C-4,  W-2200. 
Vol.  IIL  p.  488.  Sent..  '06. 
Single-Phase  Commutator  Motors — 

Description   and    theory    of   design    of 

various     commercial      types.     R.      E. 

Hellmund  and  E.   W.   P.   Smith.      Vol. 

IX,  1912: — 

F'undamental  principles;  compari- 
son   of    this    type    of    railway    motor 

with  high  voltage  direct-current  type. 

D-5,   1-8,  W-3075.     p.   128,  Feb. 

Railway       type       with       preventive 

leads.     C-1,  D-9,  1-3,  W-3475.     p.  352, 

Apr. 

Type    using    shunt    connected    com- 

imutating   poles.      C-10,    D-12,   I-l,    W- 

3000.     p.    420,  May. 

Commutating     pole     arrangements; 

effect  on  operation.     C-8,  D-9,  W-3700. 

p.   622,   July. 

Types      involving     useful     Internal 

transformer     action.       D-20,     W-5675. 

pp.  709   and   786,   Aug.  and  Sept. 

Single-Phase     Commutator     Type — 

B.  G.  Lamme.     D-6,  W-5000.     Vol.  VI, 

p.  7,  Jan.,   '09. 

(E)W-300.      p.   3. 

Small  Motors — Q.  B.  626. 
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^  Slngrle-Fhaae  Railway  Motor — S.  M. 

KlntiuT.  DcsiBM  and  utierallng  char- 
acteristics. W-1300.  Vol.  VI.  p.  2»B. 
May,  '09. 

Slng-le-Fliaic      Sorlea      Motor— 

Chas.  F.  Scott.  Uelatlon  to  exist- 
ing direct-current  systems.  W- 
2000.      Vol.  I,  p.  5.  Feb.,  '04. 

Sallway  Motor,  Tb*  Sln^I*- 
Phaso — O.  R.  Dooley.  Princii.les 
governing  Its  operation;  speclaJ 
phenomena.  C-2,  D-1,  1-6,  W-1900. 
Vol.    I.   p:   cl4,   Oct.,   '04. 

Operation  of  A.C.  Seri»a  Motor — 
F.  D.  Newbury.     Action  of  the  mo- 


tor;    comparison     with     direct-cur- 
rent     motor;      special      phenomena. 
D-«,  \V-20fiO.    Vol.    I,   p.    m,   Feb.,   '04 
XTentrallzlng'  Field  Winding':  A.O. 
Series  Motor — v.  D.   Newbury,    n-5. 

1-3.    \V-1400.    Vol.  II,  p.  135.  Mch.. -05. 
Testing       Large      Single  -  Fbase 
Motors — C.     J.     Fay.       D-1,     I-l,    W- 
400.      Vol.   III.   p.  629,   Sept.,   '08. 

Fower  Factor,  at   Starting — Clar- 
ence  Uenshaw.      W-1400.      Vol    I.   p 
142.   Apr.,   -04. 
Space     Economy     of     Slngle-Fhase 

Motors— S.    M.    Kintn<T.       (K)    W-550. 

Vol.   VII.   p.   95.   Feb.,  '10. 

Cross  Connections — Q.  B.  250. 


TRANSFORMATION 


Theory  of    Operation    of    Mercury 

Bectiflers  li.    i'.    Jack.son.      Analupv. 

C-1,    D-2.  \V-3iJU0.       Vol.     IX,    p.     5G'1, 

June.  '12.  ^           ■ 

Mercnry      Arc      Bectifiers — Q.       A. 

Brackelt.  Practical  operating  fea- 
ture-s,  battery  cliargins  and  arc  lamp 
outfits.  D-1,  1-6,  W-4850.  Vol.  IX, 
p.    138,  Feb..   "12, 

The  Mercury  Bectlfler — R.  p.  Jack- 
eon.  Characteristics  shown  by  means 
of  oscillograms.  Various  standard 
types  and  capacities.  Commercial 
applications.  C-1,  D-3,  1-12,  W-3300. 
Vol.   VI.   p.   264.   May.  '09. 

Mercury  Vapor  Converter — P.  H. 
Thomas.  Its  flekl.  D-S,  1-2.  W-2000 
Vol.    IT,   p.   3'J7.   July.   '05. 

Lowest   Voltaare — Q.   B.    421 

Efficiency — (>.    p..    r572. 

Xegnlatlon  In  Mercury  Vapor  Con- 
rertere — Percy    H.    Thomas.      1-2.    W- 
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800.     Vol.   Ill,  p.  345,  June. 


'06. 


Studying  Mercury  Bectifiers  with 
the  OscUlograph  —  Yasudiro  Sakal. 
Later  Improvements.  D-4.  0-22,  W- 
2175.     Vol.  VII,  p.  216,   Mar..  '10. 

Vibrating  Bectlfler — Q.  A.  Brackett. 
For  mechanically  changing  alternat- 
ing-current to  low  voltage  direct-cur- 
rent for  charging  batteries.  C-2.  D- 
1.^1-2,  W-2500.     Vol.  IX.  p.  1094.  Dec. 

Electrolytic 

Efficiency — Q.   B.   S4. 
Power-Factor — Q.   B.   84. 
Construction — Q.     B.     85 
52f.  819. 

use — Q.  B.  302. 
Depositing  Film — Q.   B.   383. 
Charging  Batteries — Q.  B.  684. 
Lowest  Voltage — Q.   B.   4  21. 


141,     462. 


ROTARY  CONVERTERS 


Sixty  Cycle  Botary   Converters — B 
G.     Lamme.     C-2,     I-l,     W-6000.      Vol, 
X,   p.    n2i,   Nov..   '13. 

Voltage  Begulatlon  of  Compound 
Wound  Botary  Converters  —  Jens 
Bache-^Vli^'.  D-2,  C-4.  W-3075.  Vol. 
Vll,   p.   SOU,   Nov.,   '10. 

(K)    B.    A.    Hi'hron.l.      AV-12.-.   p     ,S4S 

Voltage  Begulatlon  of  Botary  Con- 
verters— P.  .M.  Lincoln.  D-3,  1-2  W- 
IBOO.      Vol.    1,  p.   56,  Mch.,   '04. 

Varyinir    the    Voltage   Batlo — F.    D. 
Newbury.       Varlou.s    methods    consid- 
ered;   split    pole    type    vs.    synchron- 
ous     booster-converter.        C-18,      D-1 
1-4.  \V-460O      Vol.  V,  p.  616,  Nov.,  '08 

(E)    P.    M.    Lincoln.      W-275,    p.    615. 

Compounding   by   Beactance — Q    B 

7li>. 

Efficiency    of    Synchronous    Booster 
Converters-     ,r,       i.       ,\i,k        >  ir.ll.-v 
T-l.    \\--;.Hi.      \-,,i     X.    p.    156.    Feb.,   'r3". 

Synchronous  Booster — Q.   B.   993. 

Separate  Booster      <;    B.   7  4  7. 

Characteristics    of  'Large    Commu- 
tating     Pole     Machines — J.     L      McK 
Yardley.     T-l,   C-2,  1-6.  W-2350.     Vol. 
IX.   p.   697,  Aug.,  '12. 

Inierpoles  In  Synchronons  Convert- 
•f» — H  <"t.  Lamme  and  F,  I  >.  N%>w- 
bury.  Discussion  of  points  In  favor 
of  and  against  their  use.  Compari- 
son of  conditions  In  converter  and 
direct-current  machines.  C-9.  I-l  W- 
4076.     Vol.   VII,  p.   930,  Dec.  '10. 

(E)   P.  M.  Lincoln.      W-825.  p    923. 


Brush   Lifting  Device — Q     B     002 
The      Portable      Botary      Converter 
Substation — i;.   \V.   K<rr.     Its  applica- 
tion   and    construction.      1-3.    W-1500. 
Vol.  X.  p.  125.  Feb.,  '13. 

(E)   E.   P.  Dillon.     W-310,  p.    106. 
Hunting   of   Botary    Converters — F. 

I).    Newbury.      I-l,    W-l.TOO.      Vol.    I.   p. 
27.'.    Jiine.    'u4. 

Pumping  of  Botary  Converters 
U'-lii.».      Vol.    11,    p.    8,   Jan..   '05. 

Hunting— Q.    B.    55.   230.   391. 

Hazard  of  Use  for  Power-Factor 
Correction — Nicholas  Stahl.  Operat- 
liiic  characteristics  under  various  con- 
ditions of  loading.  C-5.  W-2225.  Vol. 
IX.  p.   150.  Feb..  '12. 

P.  F.  Correction— O    B    42ft,  1001. 

Power-Factor  Limitations  of  Bo- 
tary Converters — j.  L.  McK.  Vardlev. 
FfTect  of  tip  roll  heating.  (""-4,  W- 
1350.     v,,i     y.  p.  SS2,  .Sept..  '13. 

Power-Factor — Q.    B.    56. 

How  to   Start  Botary   Converters — 

Artliur  WuKner.  |)-7.  \V-3700.  Vol. 
II.   p.   43*;.  July.  '05. 

Starting— Q.   B.   306.  972.  9S2.   988. 

Starting  Motors      <>     B.    12.   271. 

Improper  FonndAtlon  for  Botary 
Converter— \V.  H.  Bumpp.  \V-350. 
Vol.    II.  p.   242.   Apr,  '06. 

Bot&ry  Converter  Excitation  —  O. 
H.  Cr>sson.  D-2,  W-llOO.  V.>1,  III. 
p.    .T.'i7.    Sept..    'Of^ 

Separate  Excitation — Q.  B.  994. 
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Bemedying'  Troable  witli  Botary 
Converter — K.  E.  Sommer.  W-350. 
Vol.   Ill,  p.   698,  Oct.,  '06. 

Open  Pieia — Q.  B.  1,  2,  3,  911. 

Speed  on  D.  C. — Q.  B.  4,  235. 

Improper  Air-Gap — Q.  B.  54. 

Double  Current  Generator — Q.  B.  57. 

Converter  vs.  M.  G.  Set — Q.  B.  133, 
678. 

Six-3Pliase  Rating- — Q.  B.  156. 

Beactance  for  Synchronizing' — Q.  B. 
175. 

Copper  Loss — Q.  B.   205. 

Field    Transfer    Switch — Q.    B.    262. 

Field  Break-Up  Switch — Q.  B.  479, 
973,   995. 


Sparking- — Q.  B.   288. 

Parallel  Operation — Q.  B.  435,  436, 
442,   536,   961. 

Six-Phase  Voltage — Q.   B.   560. 

Six-Phase  on  Two-Phase — Q.  B. 
561. 

Por  1500  Volts — Q.   B.   675. 

Armature  Resistance — Q.   B.    676. 

As  Synchronous  Motor — Q.  B.  643, 
718. 

Brass   Shields — Q.   B.   785. 

Brush  Setting^Q.   B.   871. 

50  Cycle  on  60  Cycles — Q.  B.  899. 

Six-Phase  on  Tw^o  Transformers — 
Q.   B.    950,    972. 

Wear  of  Commutator — Q.  B.  952. 


STORAGE  BATTERIES 


Storajfa  Batteries  —  V.  KarapetofE. 
A  complete  treatise  beginning  with 
(jJementary  principles.  Properties. 
C-3,  D-3,  I-l,  W-2800.  Vol.  IV,  p.  304, 
June,  '07. 

Operation  and  Control.  EVstems 
of  Control.  D-4,  W-IBOO.  Vol.  IV,  p. 
407,  July,  "07. 

Floating  batteries.  Boosters.  Reg- 
ulators. D-6,  I-l,  W-2700.  Vol.  IV, 
p.   4B1.  Aug..  '07. 

Storage  Batteries — L.  H.  Flanders. 
Recent  developments.  Plates.  Mate- 
rials for  Installation.  Auxiliary  ap- 
paratus. 1-6,  W-2500.  Vol.  IV,  p. 
520.   Sept.,  '07. 

Their  Care  and  Uaintenanco — F. 
A.  Warfleld.  ■W-2  800.  Vol.  V,  p. 
466,  Aug.,  '08. 


Care  of — Q.  B.  964. 

Charging  Blectrlc  Vehicle  Batteries 
— T.  H.  Sohoepf.  Econoimical  arrange- 
ment of  equipment.  T-1,  D-1,  W- 
1225.     Vol.  IX,  p.  523,  June,  '12. 

Charging — Q.  B.  397. 

Generator  for — Q.  B.  998. 

Counter  E.M.P. — Q.  B.  110. 

De-Sulphating — Q.    B.    351. 

Deterioration — Q.   B.   384. 

On  Auto-Truck — Q.   B.    614. 

Preparing  for  Shipment — Q.   B.  695. 

Trays — Q.  B.  1002. 

PBIMABV   BATTBBIBS 

Dry  Batteries — Q.  B.  325. 
Gas  Lighting— Q.  B.   342. 
Silver  Chloride — Q.   B.    608. 
Polarity — Q.  B.  949. 


TRANSFORMERS 


General 


150  000  Volt  Power  Transformers — 

W.  M.  Dann.  Features  of  construc- 
tion. 1-7,  W-1910.  Vol.  X,  V-  774, 
Aug.,  '13. 

(E)    P.   M.   Lincoln.      W-700,   p.   713-. 

Interesting  Features  of  Design  and 
Application — E.  G.  Reed.  Compari- 
son of  core,  shell  and  improved  shell 
types.  Economic  range  of  applica- 
tion. Magnetization  and  iron  loss; 
detecting  abnormal  conditions.  Im- 
pregnation. Failure  in  service.  T-1, 
C-4,  D-1,  1-5.  W-3275.  Vol.  VII,  p. 
•  II.  Aug..  '10. 

Notes  on  Design — E.  G.  Reed.  To 
meet  requirments  of  service.  W-2675. 
Vol.  IX,  p.  94,  Jan.,  '12. 

Formulae — Q.  B.  32 v. 

Eddy  Currents  and  Frequency — Q. 
B.   895. 

Size  and  Length  of  Wire — Q.  B.  494. 

Area  of  Iron — Q.  B.  704. 

Skin  Effect — Q.  B.  780. 

Bewinding — Q.   B.    847. 

Por  Wireless  Telegraphy — Q.  B. 
889. 

Distributing     Transformers — E.     Q. 
Reed.       Their    development,    essential 
requirements,   electrical    and   mechar 
leal     characteristics.     C-10.     I-ll,    W, 
4500.     Vol.  VI,  T>.  406,  July,  '09. 

(E)   ■W-275.      P.    387. 

Grounding — Q.  B.  81,  188,  321,  742, 
851. 

Fusing  Secondaries — Q.  B.  620. 

Magnetic  Leakage  in  Transform- 
ers— E.  G.  Reed.  Its  effect  on  their 
regulation  under  normal  and  special 
conditions.  T-3,  D-22,  1-3,  W-4175. 
Vol.  VII,  p.  396,  May.  '10. 


Butt  Joint— Q.  B.  167. 

Large    Self-Cooling   Transformers — 

W.  M.  McConahey.  1-2,  W-325.  Vol. 
VI,   p.   749,  Dec,  09. 

(E)  K.  C.  Randall.     W-875,  p.  709. 

Outdoor  Types — C.  S.  Lawson. 
Economy,  and  other  advantages.  1-5, 
W-2325.     Vol.  IX,  p.  338,  Apr.,  '12. 

(E)    H.    H.    Rudd.   W-375,   p.    287. 

Winding  Points  In  Transformer 
Coils.  Special  methods  of  winding 
certain  forms  of  coils.  Arrangement 
to  prevent  local  currents.  W-400. 
Vol.   I,  p.  806.  June.  '04. 

Thawing  Transformers — Walter  M. 
Dann.  T-1,  1-3,  W-1700.  Vol.  Ill,  p. 
S8,  Jan.,  "06. 

Twenty-Fifth  Anniversary  of  the 
Transformer — Chas.  P.  Scott  (E). 
Account  of  dinner  given  to  Mr.  Wil- 
liam Stanley,  by  the  Pittsfleld  Sec- 
tion, A.  I.  E.  E.,  May,  1911.  W-1400. 
Vol.  VIII,  p.  490.   June.  '11. 

Iron  Loss  and  Preijuency — Q.  B.  215 

Potential  Stress — Q.   B.   247. 

Oil  for  Transformers — c.  E.  Skin- 
ner. C-1,  I-l,  W-4400.  Vol.  I,  p.  227, 
May,  '04. 

Testing  of  Transformer  Oil — M.  H. 
Bicltelhaupt.  W-75.  Vol.  I,  p.  182, 
Apr.,  '04. 

Methods  of  Treating  Transformer 
Oil — S.  M.  Kintner.  W-2500.  Vol. 
Ill,  p.    583.   Oct..  '06. 

Drying  Out  Transformer  Oil — J. 
E.  Sweeney.  W-800.  Vol.  Ill,  p.  478. 
Aug.,   '06. 

Drying — Q.   B.   298. 

Copper  Sulphate  Test — Q.  B.   74. 

Syphoning    of    Transformer    Oil — J. 
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C.    Dow.      W-275.      Vol.    VII,    p.    735, 
Sept..    '10. 
Syphoning'     Q.   n.   4  72. 

Transformer  Oil:  Some  Hlnti — C. 
E.  Skinner.  1-1,  \V-1500.  Vol.  11,  p. 
96,   Feb.,  *05. 

Temperatiire — Q.    B.    150. 
Disiutepration — Q.   B.   276. 
Fire   Bisks-Q.    B.    419. 
rilling-  TankB — Q.   B.   474. 
Oil  Level      '.}.   B.   901. 
Dielectric  Streng-tli — Q.  B.  437. 
Cooling:  Coils — y.   B.   151,  460. 
Leaa  Pipe  for — Q.  B.  797. 

Connections 

Delta  and  V-Connected  Transform- 
ers In  ParaUfil— E.  C.  Stone.  Advan- 
tageous and  Improper  three-phase 
connections.  Effect  on  capacity  of 
group.  T-1,  D-6,  W-1150.  Vol.  VII, 
p.   304,  Apr.,   '10. 

Parallel  Operation — Q  B.  108,  441, 
471,    5.-.:^.    ,^,-,4. 

Series-Parallel — Q.  B.  SIS. 

Special  Transformer  Connections — 
M.  C.  Godbe.  Emergency  connection 
to  give  2  300  volts  and  460  volts, 
three-phase  from  a  4  000  volt,  three- 
phase,  four-wire  circuit.  D-2,  W- 
250.     Vol.   V,  p.   176;  Mar.,  '08. 

Special — (J.   n.   si-'ii. 

V-Connection — (.i.  15.  26,  53,  160,  440, 
54n.  i;  II.  t;ir,,  7S8,  941. 

T-Connectlon — Q.    B.    53,    816. 

Star  Connection — Q.   B.   616,  742. 

Inter-Connected  Star — Q.  B.  851, 
loot;. 

Delta  Connection — Q.  B.   405.  742. 

Inside  Delta — y.  B.  91,  448,  708, 
970. 

Star-Delta — Q.  B.  96,  453,  555,  634, 
64!i. 

Multiple  Delta  and  Star — Q.   B.   38. 

Delta  Nentral    -Q.    ]!.    ;i2. 

Vector  DiagranxB — Q.   H.   190,  734. 

Series  Prl.-Parallel  Sec. — Q.   B.   162. 

Unbalanced   Load — g.    B.    6S5. 

Pliase  Relations — <..>.   B.    744,   820. 

Phasing  Out      <^    I'..    S17. 

I-Ph.  Load  from  3-Ph.  Trans. — Q. 
B.    S70. 

Booster  Transformer — Q.  B.  23,  32o. 
5.^0.   :?.\.  [>2\.  I' J  t. 

Convertlnir  Three-Phaso  Cnrrent  io 
Slnfle-Phase — Chas.  F.  Scott.  Dem- 
onstration that  single-phase  power 
caiinot  be  obtained  from  static  trans- 
formers connected  to  three-phase 
circuit  without  unbalancing.  D-1, 
W-900.     Vol.   HI,  p.    4S.  .Ian..   'O* 

Sln«:Ie  Phase  from  Polyphase  -Q. 
B.  22.'>.  20!',  :if,;t.  r,i.'..  '.k,h,  fs.>o  ,'.i>4>. 

Connections  In  Two  and  T1ir««- 
Phaso  Circtilts.    Vnl    I.  p.  400,  Sopt..  '04. 

Connection  for  Two-to-On*  Thre*- 
Fhaso      Transformer.        D-2,      W-3000. 

\"\.  ir.  ]'-  un.  M.-ii ,  '0.-,. 

Hovel     Use    In    Emergrenoy — R.     H. 

Fenkhausen.  Old  auto-stnrters  used 
to  obtain  odd  voltaK»»s  for  llifhtlng. 
■U'-ann.      Vol.    VT.    p.    .'•.7.   .Inn  .   '0^. 

THBEZ:  PHASE — TWO  PHASE 

Three-Phase — Two-Phase  Transfor- 
mation—lOdmunil   ('.   .^t.'no,      IIxiiI.iii-i- 
tlon  bv  Vector  DIagr.nms.  D-2.  W-900 
Vol.     TV.    p.     r.9S.    0,f  .    '07. 
T-Connectlon     >}.   }:.   l'.>0.  977. 
Por  4-Wire  3-Ph.  System — Q.  R.  922 
Unbalance      <.•    }'..  4.'^1.  751.  960. 
Delta  Connection — Q.   B.   244. 
Three-Phase   —   Two-Phase   Trans- 


formation "With  Standard  Trans- 
formers—  L.  A.  Slarrelt.  D-3,  I-l,  W- 
1  100.     Vol.  V.   p.   721,  Dec.   '08. 

(E)    Chas.    F.    Scott.      W-900.    p.    671. 

Two-Phase  —  Three-Phase  Trans- 
formation— M.  H.  Hodda.  Applica- 
tions and  limitations  of  auto-trans- 
formers. D-2,  W-276.  Vol.  V,  p. 
808,    Oct.,    '08. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Standard  Trans- 
formers— Seth  B.  Smith  and  K.  C. 
Stone.  Method  giving  about  90  per- 
cent of  rated  capacity  of  units  used. 
D-2.  W-300.     Vol.   VI,  p.   441.  July.  '09. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Auxiliary  Trans- 
former— A.  R.  Sawyer.  D-1,  W-600. 
Vol.   VI,   p.    248,    Apr..   '09. 

Auxiliary    Transformer — Q.    B.    959, 

Jo'). 

Two-Phase  —  Three-Phase  Connec- 
tion— D.  C.  McKeehan.  Three  trans- 
formers used;  two  standard  units  of 
smaller  capacity  paralleled  to  obtain 
balance  of  load.  D-1.  W-160  Vol 
VI.   p.   442,   July,   '09. 

Special  Connections — Q.  B.  529,  824. 

Performance 

Parallel  Operation — W.  M.  McCona- 
hey.     Method  of  determining  polarity 
for   proper    interconnection    or   single 
and    polyphase    units.      T-3,   D-31.    W- 
2625.      Vol.  IX,  p.   613,  July,  '12. 
Polarity — Q.  B.  852,  983. 
Operation,  Beal  Economy  in  Trans- 
former^— C.     Forlescue.      D-2     \V-2300. 
Vol.  I,  p.  264,  June.  '04. 
(E)    J.  S.    Peck.   p.   308. 
Diagrams,     ApplicaUons    of    Alter- 
nating  Currently.    Karapctoff.      D-5. 
W-2OO0.      Vol.   I.  p.  279.  June,  '04. 
D-8,  W-3200.   Vol.1,  p.  410,  Aug.. '04. 
Care  and  Operation — W.  M.  McCon- 
ahey.      I'ractical    notes    for   operators. 
D-l.\V-5450.    Vol.    IX.  p.  997.  Nov. '12. 

Charts  for  Determining  Efficiency 
and  Itegulatlon — J.  F.  I'elers.  C-2. 
D-2.  W-1450.  Vol.  VIII.  p.  1115, 
Dec.  '11. 

Static  Dlstailiances  in  Transform- 
ers—s.  M.  K;rU'ier.  D-.';,  I-l,  W-llOO. 
\ol.    II.   J).   3';.'.  Jun.\    o.-,. 

Distortions  in  Voltaire  Waves — A. 
\V.  Coploy.  C-2,  D-1.  Vol.  IV,  p.  86, 
Fub.,   '07. 

(El   Chas.  F.   Srott.     W-filO.  p.   61. 
Carrent    Kashes     at    Bwitohln^ — J. 
S.  Peck.     C-C,  W-14IJ0.     Vul.  V,  p.  152, 
.Mar..  "08. 

(K)  K.  C.  Randall.     W-450.  p.  124. 

Parallel     Operation — J.      B.     Olbbs. 

D-4.   \V-lli7r,.    Vol.   VI,  p.  276.  May,  '09. 

<K)    rU:is.    F     S.'ott.      W-Sno.    tv    257. 

One  ThrcG-Phase  vs.  Three  Sinffle- 

Phase   Transfomers — Will;    •■     ^^  ^ilt. 

Typos    of    tr.iiisformors.       1  -.vn 

service.      Cost.      Kmclen<'y.     .  ,   .        ro- 

qulrements.      Weight.      Repairs.      T-1. 

n  G,     1-4.     W-5025.       Vol.     X.     p.     413. 

May.   '13. 

(K^    A.  P.   Rpnd«»r.     W-34R.   p.   409. 

Emergency    Connection     0     T".     ?4S. 

Xelativ*  Advantages  and  Dlaadvan- 

taires   of   One-Phase  and   Three-Phase 

Transformers — J.     .«'.     P««ck.      W-1700. 

Vol.    IV.    p.   3.16.   Juno,   '07. 

Kntings  of  Single-Phase  Units 
Grouped  on  Polyphase  Circuits— H  <^. 
Soule.  T-1.  D-5.  W-1450.  Vol.  TII, 
p.    298.    Anr..   '10. 

Capacities — Q.    B.    4  47. 
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Three-Fhasa  Tr&nsfonuatlon  —  J. 

S.  Peck.  D-6,  W-2409.  Vol.  I,  p.  401, 
Auff.,  '04. 

Special  AppUcatloaj  of  Standard 
TransfonueirB — H.  W.  Young.  D-6, 
"W-1350.     Vol.  IV,  p.  709,  Dec,  '07. 

Drying  Out  Hlg-h  Tension  Trans- 
formers— J.  S.  Peck.  D-1,  W-1400. 
Vol.  I,  p.   61,  Mch..  '04. 

Brylngf  Transformers  with  Elec- 
tricity— H.    W.    Turner.      W-460.     Vol. 

IV,  p.  418,  July,  '07. 
Drying- — Q.  B.   5. 

Moisture  in  Transformers — W.  G. 
McConnon.  W-450.  Vol.  Ill,  p.  418. 
July,  '06. 

Transformer  Troubles  —  William 
Nesbit.  Open-circuits.  Oil  troubles. 
Wrong     connections.        W-375.        Vol. 

V,  p.   541,  Sept.,  '08. 

Transformer     Troubles — J.     N.     C. 

Holroyde.  Four  examples  of  difficulty 
in  operation  and  their  final  explana- 
tion. D-1,  W-1075.  Vol.  VI,  p.  311, 
May,  '09. 

Overload — Q.  B.   246. 

Clogged  Tubes  in  Water  Cooled 
Transformers  —  G.  B.  Rosenblatt. 
W-1200.     Vol.  II,  p.  600,  Oct..  '05. 

Ageing — Q.   B.   147,   280,   365. 

Choice  of  Voltage — Q.  B.  712. 

Effect  of  Short-circuit — Q.  B.  793. 

Voltage  Calculations — Q.  B.  902. 

Mutual  Inductance — Q.  B.  939. 

loading  Voltage  Trans. — Q.  B.  657. 

TESTING 

Bating  of  Testing  Transformers — 
C.  E.  Skinner.  W-200.  Vol.  II,  p. 
615,  Oct.,  '05. 

Testing  Central  Station  Trans- 
former— W.  Nesbit.  D-6,  W-2000. 
Vol.  II,  p.  465,  Aug.,  '05. 

Testing  Iioad  for  Iiarge  Trans- 
formers— ^G.  B.  Rosenblatt.  W-200. 
Vol.  II,  p.  602,  Oot.,  '05. 

Methods  of  I^oadlng  Transformers 
for  Heat  Runs — George  C.  Shaad. 
D-5,    W-1550.     Vol.  IV,  p.  346,  June, '07. 

Loading — Q.    B.    46,    204. 

Insulation  of  Transformers — Test- 
ing of— M.  H.  Biclielhaupt.  W-300. 
Vol.  I,  p.  182,  Apr.,  '04. 

Oil— Q.    B.    437. 

Without  Oil — Q.   B.   970. 

Insulation:  Transformer  —  O.  B. 
Moore.  C-3,  D-1,  W-2400.  Vol.  II,  p. 
333,  June,  '05. 

Eciiiivalent  Inductance — Q.  B.   68. 

Eddy  Current  loss — Q.   B.    113. 

power-ractor — Q.  B.   152,  213. 


Losses — Q.   B.   90. 
Temperature — Q.    B.    445. 
Secondary  Current — Q.  B.   629. 
Regulation — Q.   B.   781,   990. 
Constant  Current — Q.  B.  30. 

Series 

Current  Transformer  Characteris.^ 
tics — Harold  W.  Brown.  C-1,  D-11, 
W-875.     Vol.  VIII,  p.  642,  July, '11. 

Grouping  of  Current  Transformers 
— Harold  W.  Brown.  Reversed  V,  Y- 
connection,  open  delta  or  V-connec- 
tion,  delta,  Z-connection.  D-27,  W- 
4250.  Vol.  VIII,  pp.  1023,  1109,  Nov., 
Dec,  '11. 

Operation  of  Series  Transformers 
— Edward  L.  Wilder.  T-1,  C-1,  D-2, 
W-1100.     Vol.  I,  p.   451,  Sept.,  '04. 

Sixty  Thousand  Volt  Series  Trans- 
formers— -W.  H.  Thompson.  D-1,  1-2, 
W-400.     Vol.  Ill,  p.   650,  Nov.,  '06. 

Measurements  Involving  Their  Use 
— H.  B.  Taylor.  C-1,  1-2.  W-2050. 
Vol.  IV,  p.  234,  Apr.,  '07.  (See  B,  p. 
185.) 

Open  Secondary — Q.  B.   36,   896. 

Extending  Leads — Q.  B.  189. 

Z-Connection — Q.  B.  232. 

Magnetic  Leakage — Q.  B.  293. 

Ratio,  Inverted — Q.  B.  518,  552,  756. 

Changing  Capacity — Q.  B.  523. 

Totalizing — Q.  B.  644. 

Relay  Connections — Q.   B.   867. 

Portable — Q.   B.   62  5. 

Multiple  and  Series — Q.  B.  179,  843. 

Auto  Transformers 

Output — Q.  B.   6. 

For  Starting  Motors — Q.  B.  9. 

Rating— Q.  B.  178. 

Auto  vs.  Regular  Trans. — Q.  B.  217, 

Compensator — Q.  B.  269. 

Currents — Q.   B.   303,    008,   863. 

Three  Phase — Q.  B.   821. 

High  Voltage — Q,  B.  829,  925. 

Inter-connected  Star — Q.  B.   1006. 

ror  portable  Meters — Q.  B.  710. 

Reactance  Coils 

Open  Magnetic  Circuit — Q.  B.   37. 
Current  Saving — Q.   B.   194. 
Desisrn — Q.  B.  581. 
Heating — Q.   B.   789. 
ror    Lightning    Protection — Q.     B. 
842. 

Induction  Coils 

Secondary   Current   and  E.M.F. — Q. 

B.    77. 

Adjustment — Q.  B.  191. 


TRANSMISSION 

CONDUCTORS    AND    CONTROL 
GENERAL 

(See  also  Theory,  p.  9  ) 


Transmission  Circuit  —  Chas.  F. 
Scott.  C-4,  D-10,  W-4400.  Vol.  II,  p. 
713,  Dec,  'Ob. 

limiting  Carrying  Capacities  of 
Long  Transmission  Lines — Clarence 
P.  Fowler.  A  method  of  determining 
by  the  use  of  tables.  W-925,  T-2. 
Vol.  IV,  p.  79,  Feb..  '07. 


Continuity  of  Service. 

Static  Strains  in  High-Tension  Cir- 
cuits— Percy  H.  Thomas.  Laws  of 
electrostatics.  The  electric  circuit. 
Study  of  typical  conditions.  D-3,  C- 
3,  W-10  300.  Vol.  VII,  pp.  228,  309, 
Mar.,  Apr.,  '10. 

(E)  R.  P.  Jackson.  Continuity  In 
transmission  of  power.    W-650,  p.  184. 


TRANSMI SSION— General— Power- Factor 


21 


Protection  of  Electrical  Equipment 
Against  Electrical  Surges — P.  M.  Lin- 
coln. Cause  of  surges,  hydraulic  an- 
alogy. Relative  power  of  apparatus 
to  resist  surges.  Lightning  arrest- 
ers. Overhead  grounded  wire. 
Grounded  neutral.  1-7,  W-3600  Vol 
VII,   p.    575,   July,    '10. 

Llg;htning  on  Electric  Circuits  and 
Requirements  of  Protective  Appara- 
tus— R.  p.  Jackson.  Discussion  of 
results  of  recent  Investigation.  Me- 
chanical analogy.  Potential  across 
turns  of  choke  coil  or  transformer. 
Lightning  arrester.  Expulsion  fuse 
for  suppressing  arc.  Electrolytic  ar- 
rester. C-4.  D-3,  1-9,  W-4050.  Vol. 
VII.   p.    608.   Aug.,   '10. 

Choke  Coils  vs.  Extra  Insulation 
on  Transformers — S.  M.  Kintner. 
Discussion  of  advantages  and  disad- 
vantages of  each.  Conclusions  In  fa- 
vor of  choke  coils.  I-l,  W-1300.  Vol 
VII,  p.    725,   Sept.,   -10. 

Potential  Stresses  and  Overhead 
Grounded  Conductors — R.  p.  Jack- 
son. Investigation  of  static  condi- 
tions surrounding  transmission  lines 
and  metal  towers.  Reduction  of 
trouble  from  lighting.  C-7,  W-182S 
Vol.   VII,  p.   833,  Oct.,  '10. 

Circuit  Breaker  Relay  Systems — 
R.  P.  Jackson.  Localizing  trouble. 
Reverse  current  protection.  Protec- 
tion against  grounds  and  against  lost 
power.  Operation  without  relays. 
Connections  for  relay  circuits  C-2 
D-7.  W-2200.  Vol.  Vlt  p.  908,  Nov.,  'lo! 
Contimiity  of  Power  Service — R.  p. 
Jackson.  Summary  of  factors  con- 
tributing to  interruption  of  service. 
W-3250.     Vol.  VIII,  p.   628.  July,  'll. 

(E)  Value  of  Continuous  Electric 
Service — Chas.  F.  Scott.  W-1000.  p. 
680. 

Effect     of      Electrostatic     Stresses 
and    Ground    Connections    on    Trans- 
former Insulation — C.  Fortescue     T-2 
p-16.  W-3075.     Vol.  VIII,  p.  266,  Mar.' 

(E)   R.  P.  Jackson.      W-750,   p.  210. 

Oronnfled  and  XJngrronnded  Trans- 
mission Circuits — J.  S.  Peck.  Discus- 
sion of  various  single  and  polyphase 
transformer  combinations.  D-i8,  W- 
2800.     Vol.  VIII.  p.   456.  Mav,  '11 

<K)  K.  C.  Randall.     W-RRO.   n    411 

Oroundingr— Q.  B.  188.  311.  321,  477. 
58  I . 

Groxind  Plate     Q.   B.   4S2. 

Btauo       Conditions       in       Orounded 
Transmission    Circuits — R.     p.    Jack- 
Bon.        SIi.iwIiie:      j.osslble      cause     of 
breakdowns.      lt-2.    W-1200.      Vol     m 
p.   fi46.  Nov..  'nr. 

Phantom  Orounds  — R  f.  Howard 
W-4no.      Vol.   V.   p.   474.   Aug.,   '08. 

Roo   ".Vrmriturfs." 

Phantom    Grounds — Q.    R.    261,    418. 

Grounds-  o.   TV   17,   4.'.   nd.   r,-a 

CalculatiuR-  Drop  In  Aitematlng" 
Current  Lines — Ralph  D.  Mershon 
T-1.  D-S.  \V-4500.  Vol.  IV,  p.  137 
Mar..    '07. 

Specific  Examples  —  Clarenc*  P 
Fnwler.      T-1.   AV-'^nn.    p     ir.O. 

Method  of  Plndinar  Drop  In  Alt«T<- 
natin^  -  Current  Clrcnlts.  Chas.  F 
Scott  and  Clarence  P.  Fowler.  > 
modification  of  th»»  "Mershon"  MMh- 
od.  T-3.  1-2,  W-1050.  Vol.  IV,  p.  227, 
Apr..   '07. 

(E)   A.  M.  Dudley.     W-500,  p.   183. 


Begulation,    How    to    Calonlatr— J, 

June    ''65  •  ^V-^^OO.     Vol.  II.  p.  361. 

si^^'ut'fl'-i^^  fsl'"'  '''■  '"'■  20»- 

lizror^^rT^-^Vr^ivl."' ''''  '''■ 

Selection  of  Voltage — Q.  B    465 

Losses — Q.    B.    2GT. 

ParaUeling    Large'  Systems — p     m 
Lincoln.      The   problem    of   furnishing 
relatively    small    amounts    of    power 
from    one   alternating-current   system 
to   another.     T-1,    W-3650.      Vol    Vll 
p.   386.  May.  '10.  ' 

(E)    Chas.    F.   Scott.      W-575.   p.   339 

Phasing  Out  Polyphase  Circuits — 
Harold  W.  Brown  and  S.  S.  Neu.  D- 
16,  W-3050.     Vol.  IX,.  p.  437.  May.  '12 

Phasing — Q.   1^.    491. 

Power  Transmission — New  Epoch 
— Chas  P  Scott.  (E.)  W-700.  VoL 
II,   P.    129.   Feb..   '05. 

Static  Capacity — Q.  B.  360,  582.  892. 

Power-Factor — Q.  B.   78,   165,   243 

Motor  Circuits — Q.   B.   368,   516 

A.  C.  in  Conduit — Q.  B.  602 

Short-Circuit — Q.   B.    155 

Wiring  Buildings — Q.  B.   258. 

Power=Factor 

Correction    of    Power-Pactor — Wm 

J;®,^'^','^- ..  Use  of  synclironous  motor. 
Calculations.  Examples.  D-3  C-4 
W-2400.     Vol.  IV.  p.  425.  Aug.,  '07        ' 

(E)  F.  D.  Newbury.     W-400,  p.  421. 

Correction  with  Synchronous  Mo- 
tors— Nicholas  Stahl.  Curves  for 
reaoy  calculation  of  reactive  eflfects 
In  power  circuits  and  selection  of 
proper  synchronous   motor  capacities. 

Oct',  ^n  •  ^-5125.    Vol.  viii,*^p.  943; 

(E)  E    R.  Spencer.     ■W-1200,  p.  828. 

Graphic  Calculator — C.  I.  Young 
petermination  of  improvement  ob- 
i?r  ,??^^''^^  synchronous  motors.    I-J, 

^;l;\^*'v,r.,y.°'-  ^y-  ^-   627.  Nov..  '07. 
(E)  William  Nesbit.     ■W-400.  p    604 
Synchronous  Motor — Q.  B    174    •^-,,1 

i~-'    o,?^    n*-"n^'     ^"'^'     ^S'-     '^■'3.     "90.'    SSi: 

Effect  of  Pield — n.   p.  4<?i     si.? 

Power-Pactor  Effects  of  '  Railway 
Motor-Generators  and  Sotary  Con- 
verters— N.  Stahl.  Comparison  of  in- 
h«Tent  characteristics  with  constant 
^'-'^Id  excitation.  T-1.  C-8.  ■W-3365. 
Vol.  X,   p.   1232.  Dec,  '13. 

(VA    E.    P.    Dillon.      ■V\''-660,    p     l'>o<l 

Rotary  Converters — Q.  B.  56,  420 
1  mil. 

Power  -  Factor  Improvement  at 
Lackawanna  Steel  Company — John  C. 
Parker.  D-2.  1-2,  W-3425.  Vol.  IV. 
p.  32.  Jan..  '07. 

(E)    P.   M.   Lincoln.     ■W-SOO.   p     2 

(K)   K.  C.  Randall.      ■W.-300.  p.  3. 

Improving  Power-Pactor  of  Indus- 
trial Load — K.  R.  f^poncer.  Synchron- 
ous muti.r-gpnprator  set  Installed  In 
steel  nill,  K^iving  two-ctirrent  system 
of  mofor-drlvo.  T-2.  W-IS^S  Vol 
IX.   p.   r,n9.  July.  '12. 

Effect  of  Power-Factor  on  Poly- 
phase Meter  Reading — C.  W.  Kinney. 
W-27,S.     Vol.   V.  p.   r,3.  Jan..   '08. 

M.  B.  Chase.  W-300.  Vol.  V,  p.  13, 
Jan..  'OS. 

Measuring  Power-Factor  with  Two 
Single-Phase  'Wattmeters  —  H  M 
Lu.as.  C-1.  D-4,  \V-625.  Vol.  IX.  p. 
762.  Sept..  '12.  ^ 

Theory — Q.  B    127.  266. 

Negative — Q.  B.  128. 
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Determination — Q.   B.   193.  282, 
452     969. 

Average — Q.  B.  500,  947. 
Static    Condensers — Q.    B.    719. 
Of  Generator — Q.  B.   265,  944. 


364.  Of  Induction  Motor — Q.  B.  366,  636. 

698,   739. 

Of  Transformers— Q.  B.  152,  213. 
Of  Lines— Q.  B.  78.  165,  243,  500. 
See  "Ijines." 


SYSTEMS 


Alternating  Current 

Hlg'Ii  Tension  Transmission — J.  F. 
Vaughan.  I-l,  W-750.  Vol.  II,  p.  442, 
July,  '05. 

Transmission  Iiine  and  Sub-Station 
Data — L.  A.  Magraw.  Covering  100, 
000,  50,000  and  10,000  volt  systems  of 
the  Southern  Power  Company.  T-1, 
D-1,  W-17000.  Vol.  VIII,  p.  329, 
Apr,  '11 

Power  Transmission  Data  —  Chas. 
F.  Scott.  (E.)  W-400.  Vol.  II,  p. 
708,  Nov..  '05. 

Power  Transmission  in  tlie  West — 
Allan  E.  Ransom.  D-1.  1-6,  W-1600. 
Vol.  II.  p.  678.  Nov..  '05. 

Slngrle-Pbass  Synchronona  Trans- 
mission— P.  N.  Nunn.  The  Tellurido 
Plant.  1-6.  W-800.  Vol.  II.  p.  504, 
Aug.,  '05. 

(E)    Chas  F  Scott,  p.    519. 


Transmission  Troubles,  High  Volt- 
age, Hydraulic — G.  W.  Appier.  D-2, 
W-1000.      Vol.   II,   p.   576,   Sept.,  '05. 

70  000    Volt     Transmission     Iiine.^ 

Chas.  P.  Scott.  D-2,  W-1200.  Vol. 
II,  p.  674,  Nov.,  '05. 

Maximum  Xioads  of  Transmission 
Iiines — H.  B.  Dwight.  The  varying 
voltage  system.  The  constant  volt- 
age system.  T-2,  C-1,  W-2520.  Vol. 
X,  p.   838,  Sept.,  '13. 

Two  vs.  Three  Phase — Q.  B.  61,  210. 

Phase  Changer — Q.  B.   504. 

Unbalanced  Load — Q.   B.   534. 

Industrial — Q.   B.   637,   957. 

Railway  Circuits — Q.  B.  677. 

Direct-Current 

The  Thury  System — Q.  B.  47. 
Industrial — Q.  B.    125. 
Small  Town — Q.  B.  309. 


LINES 


Overhead 


Poles,  Arms,  etc. 

Steel  Structures  for  Hlgh-Tenslon 
Transmission  Lines — W.  K.  Arch- 
bold.  1-7.  W-1475.  Vol.  VII,  p.  262, 
Apr.,    '10. 

(E)    R.   P.   Jackson.     W-600,  p.    257. 

Catenary  Line  Construction  for  In- 
terurban  Electric  Roads  —  William 
Schaahe.  Data  and  methods  for  pre- 
paring speciflcations.  C-3,  D-5.  W- 
2150.     Vol.  IX.  p.  918,  Oct..  '12. 

Catenary  Line  Construction  on 
Curves — W.  Schaake.  1-12,  W-1335. 
Vol.  X.  p.   1072,  Oct.,  '13. 

Line  Construction  —  B.  L.  Cliase. 
W-1900.     Vol.  II,  p.  697,  Nov.,  '05. 

Hazard  In  Overhead  Crossings — 
Chas  F.  Scott  (E).  W-825.  Vol. 
VIII,  p.  824,  Oct.,  '11. 

Single-Phase  Line  Construction — 
Theodore  Varney.  D-8,  1-4,  W-1200. 
Vol.  II,  p.   199.  Apr.,  '05. 

Catenary  Line  Construction  on 
Warren  and  Jamestown  Railroad — 
Theodore  Varney.  1-2,  W-750.  Vol 
III.  p.    156,   Mar..   '06. 

Crossing  a  Railroad  Right  of  Way 
— ^P.  M.  Lincoln.  I-l,  W-1000.  Vol. 
I.  p.  448.   Sept..  '04. 

Repairing  High  Voltage  Lines 
While  In  Service — J.  S.  Jenks  and  W- 
H.  Acker.  Description  of  method 
and  apparatus  used  on  West  Penn 
Railways'  25  000  volt  system.  1-27. 
W-1200.      Vol.   VI,   p.    547.    Sept..  '09. 

(E)    B.  P.  Rowe.     W-550.     p.   516. 

Emergency — Q.   B.   399. 

Drop  in  Voltage,  Calculation  —  J. 
W.  Welsh.  T-1.  W-750.  Vol.  II,  p. 
188.  Mar.,  '05. 

High  Voltage  Trolley  —  Effect  of 
VtMuu  and  Smoke  on  Striking  Dis- 
tance— S.  M.  Klntner.  C-1,  1-2,  W- 
IB"       Vol.   TIT.  n    237,    Apr..   'Ofi 

Reinforcing  Poles  with  Rods  and 
Concrete — H.  N.  Muller.  D-4.  1-6,  ^V- 
1150.  Vol.  VII,  p.  41,  Jan.,  '10.  (See 
E.  p.  18.) 


Spacing— Q.  B.  79,   406,   798,  940. 
Transposition — Q.  B.   338,   729. 
Stress  in  Wire — Q.  B.  408,  541,  635. 
Ground  Return — Q.   B.   519. 
Induction  between — Q.   B.   517.   547, 
737. 

Corona — Q.   B.   732. 

Underground 

Underground  Wiring — H.  W.   Buck. 

D-5.  W-1200.     Vol.  I,  p.  128,  Apr..  '04. 

Reinforced  Cement  Shelves  and 
Cable  Armor  in  Manholes — H.  N. 
Muller.  1-3,  W-550.  Vol.  VII,  p.  34. 
Jan..  '10. 

Ground  Through  Steam  Pipe — R. 
W.  Cryder.  W-250.  Vol.  V,  p.  542, 
Sept..  '08. 

Electrostatic  Capacity — Q.  B.  231. 

Short  Bends — Q.   B.   373. 

Size  of  Cable — Q.  B.  549. 

Construction  Test — Q.  B.  898. 

Decomposition  of  Lead — Q.   B.   606. 

Conductors 

Central  Station  Wiring — W.  Barnes. 
Jr.  1-4,  W-1400.  Vol.  Ill,  p.  412, 
July,   '06. 

Small  Central  Station  Wiring — S. 
L.  Sinclair.  W-1900.  Vol.  IV,  p.  43. 
Jan.,  '07. 

Station  Wiring — H.  W.  Buck.  1-3, 
W-2000.      Vol.   I,   p.   123,   Apr.,   '04. 

Conductors  for  Heavy  Alternatli^g 
Currents — K.  C.  Randall.  D-1,  W- 
1350,.     Vol.   VII,   p.   710,   Sept.,  '10. 

Skin  Effect — Q.  B.  221,  €44,  721. 

Bends  and  Loops — R.  P.  Jackson. 
Their  effect  on  inductance  of  conduc- 
tor. D-4,  W-1025.  Vol.  VIII,  p.  809, 
Sept.,  '11. 

Graphical  Method  of  Determining 
Drop  in  Direct-Current  Feeders — R. 
W.  Stovel  and  N.  A.  Carle.  C-1,  W- 
1  350.     Vol.  V,  p.  322,   June,  '08. 

(E)  Engineering  Conveniences — 
A.  H.    Mclntire.      W-400,   p.    303. 
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wiring  Calculations  by  the  SUda 
Bulfr— J'j.  1'.  Huborls.  T-1,  VV-12UU. 
Vol.    III.    p.    116.    Feb..  'OS. 

soldering^  Cable  Termlnala.  W-300. 
Vol.    II,  p.    6yi.  Nov..  'Ob. 

Wire  Joints  —  Solderlngr.  AV-.miO. 
\  ul.    11.    J..    57,   Jan.,   "05. 

SpUclng  Cables  —  \v.  Barnes,  Jr. 
1-9,   \V-1200.     Vol.  II,  p.  125,  Feb.,  '05. 

Wlrs  Table  —  Formulae  —  Harold 
Pender.     W-200.     Vol.  II,  p.   327,  May, 

Wire    Table,    How    to    Remember — 

Chas     F.    Scott.      \V-1400.      Vol.    II,    p. 
2J0,  Apr.,   '05. 

Wire     Table     and     SUde     Bule— Y 
gakal.^    1-2,    W-500.      Vol.    II,    p.    632, 


-..7?^^"  w^.*^^*-*®"^"**^ce    of    Coppex 
Wire.      Vol.   Ill,   p.   118.  Feb.,  'OG. 

Underwriters'    Rules — c.    E      Skin- 
An";      •^^-*       ^-'^"'^-       ^«'-    "-'P-     262. 

Electricity  as  a  Plre  Hasard— C  K 

Jar'^O.    '''■'     '''■'-^-     Vol.  III.  p.  2: 

T,.^-V^^    Hazard     of    Electricity.     T-3. 
^\=;?^^  Vol.  III.  p.   397.  July,  -OC. 

f'tLP.^^^ ^^^^'^fy-     \v--coo,  p.SCC. 
Carrying-  Capacity — Q.   B.  39 
Angfle  Irons     g.   b.   683     ' 
Galvanized  Iron — Q.   b    839 
Iron  Wire— g.    B.    182.    579 
Resistance — (j.    p.    ,^it; 
^Blackening     of     Aluminum— Q.     b. 


SWITCHBOARDS 


General 


Switchboards  for  Altematine-Cur- 
rent  Power  Stations— C.  il.  Sunatr- 
son.  Classification.  Capacity  of 
boards.  Classification  of  oil  circuit 
breakers  Rating  of  switchboards. 
Ji-ssenUal  operating  features.  Choice 
or  apparatus.  Comparative  space 
Cost.  T-1.  D-14.  1-3.  W-4875.  p  83! 
Jcin.,     13. 

n — Self-contained  for  6  600  volts 
or  less,  with  oil  circuit  breakers  and 
bus-bars  supported  from  the  back  of 
the  panels  C-9D-S.  1-16.  W-4900. 
Vol.  X,  p.  158,  Feb.,  '13. 

(E)  A.  B.  Field.     W-5S0,  p.  107. 

Connections — Q.  b.  916,  929. 
.    Ill  —  Itemote     mechanically     con- 
trolled.       Application.        Advantages. 
Types.      D-4.    1-8,   W-1915.      Vol.   ic,   p 
301.    Mar.,   '13. 

IV— Remote  mechanically  controll- 
ed. (Cont.)  Arrangemont.  Capacity. 
Control  mechanism.  T-1,  D-6,  1-7  W- 
1700.     Vol.   X.   p.   361.  Apr..  '13.     ' 

Y — Remote  mechanically  controlled 
switchboards — (Cont.).  T-2.  D-4.  1-34 
W-1155.  Vol.  X.  p.  474.  May,  '13. 
.  VI— Electrically  operated.  panel 
boards,  control  desks,  pedestals  and 
posts.  I-IO,  W-1295.  Vol.  X,  p.  781. 
Aup..     13. 

Modern  Practice  In  Desigrn— H  w 
Peck.  l-:i.  \v-:!500.  Vol.  i.  p.  '631! 
Dec,  '04.  C-1,  D-2,  1-2,  W-2500  Vol. 
II.  p.  37.  Jan..  "05. 

Railway  and  Power — D-l.  1-4  M'- 
1400.     Vol.   II.  p.   100.  Feb..  '05.    ' 

pirect-Ciirront  LifrhtinK  Svstom— 
p-4.  1-2.  \V-2300.  Vol.  IT.  p.  167. 
Mch..    '05. 

For  Alternators — D-3.  I-4.  W-1800. 
Vol.   Tl.  p.  30s.  Mav.  '05. 

Iliph  Tension:  Hand  Controlled — 
D-l.  W-lSftO.    Vol.  TI.  p.  380.  June.  '05. 

Hisrh  Tension:  Power  Controlled  — 
1-9.   \V-2n00.      Vol.    TI.   p.    6.T4.   0,-t  .    '"5 

Concrete  Switchboard  Construction 
— \j.  }i.  Chubbiiok.  Pescrlptlon  of 
method-q  used  In  building  control, 
switchlnir  and  bus-bar  structure"?  I- 
9.   W-Ur.O.      Vol.   VI.   p.   714.   Pe.-..   '09. 

Hlfch-Tenslon  Concrete  Switch- 
board Structures— \V.  R.  Stinemetz. 
Details    of    construction    from    stand- 

Folnt  of  erection  engineer.     T-1     D-3 
9.  W-S376.       Vol.  VII.  p.  373.  May.  '10. 

(E)  Concrete  construction  and  the 
erection   engineer.      W-1100,    p.    335. 


•♦Sf^^^'^^®^  Cement  Switchboard 
mruoture»-H.  N.  Muller.  Descrip- 
tion   of   construction    by   applying    ce- 

!?^f"^r'9n^-''f'^"'l^«i   metal   frameworks. 

1-4    W-1275.     Vol.  VII.  p.  31.  Jan..  '10. 

European    Concrete    Switch    Struc- 

?^?V"t1-  ^o-^^y®^-  ^--^-  ^V-4360. 
\  ol.    \  II,    p.    273.    Apr.,   '10 

ElectrlcaUy  -  Operated  Switch- 
boards— b.  p.  Rowe.  D-4  1-7  \V- 
^^?'^^   T^"'-  I^'-  P-  639.  Nov.,' -07. 

1-6^^-2000.  Vol.  IV,  p.  6l»l,  Dec.  '07. 

switchboard  of  Congressional  Heat 
Light  and  Power  Plant,  Washington, 
".•  ^•~^-  W-  Sanderson  and  M.  C.  Tur- 
P!"-  D-3.  1-6,  W-2675.  Vol.  VIII,  p. 
-ilb,   Mar.,     11. 

(E)    K.  E.  Van  Kuran.    W-550.  p.  209 

Ground  Detectors— Q.  b.  45,  66,  670. 

Cleaning— Q.  b.  184 

Drilling — Q.   B.   281. 

Marblelzing   Slate — Q.    B.    355 

Clock —Q.    j:     T'.i 

Books — g.    B.    727. 

Interrupting  De>lce5 

General  Considerations  —  F  W 
Harris.  Purposes.  Design.  Features 
of  operation.  C-4,  W-1-00.  Vol.  IV, 
p.  606,  Nov.,  '07. 

nO)    T.    S.    Perkins.      W-200.   p.    603. 

Carbon  Circuit  Breaker  Develop, 
ments — J.  N.  Mahoney.  D-l,  1-17  \V- 
3425.      Vol.   IX,   p.    944.  Oct..  '12 

Circuit  Breakers — General — F.  W. 
Harrl.i.  Method  of  operation;  multi- 
polar operation;  time  limit  features; 
calibration;  overload  capacity;  cur- 
rent-Interrupting capacity.  C-2.  1-4. 
\V-3  150.      Vol.   V.   p.    87.   Feb..  '08. 

Circuit     Breakers — Carbon-Break 

P.  W.  IIarrl.«<.  Details  of  design- 
operation;  ln.stallatlon  and  care  C-l' 
1-18.  W-3  700.  Vol.  V.  pp.  164.  216i 
Mar.,    Apr..    '08. 

(K)    \V-r,.-(,.    p.    121 

Circuit  Breakers — OU— H.  O.  Mac- 
Donald.  D-2.  1-22.  W-6000  Vol  V 
pp.    272.    32S:    Mav.    June.    'OS  '       ' 

Tests  on  Large  High  Voltage  OU 
Circuit  Broakora— J  N.  M.ah.mey.  Re- 
sults and  conclusions  regarding  ef- 
fectiveness of  design  and  operation. 
T^-1-  ^-12.  r>-l.  T-6.  W-4025.  Vol.  IX. 
p.   739.  Sept..  '12. 

iT^l  ^  ,^'  Allen.  Proving  the  cir- 
cuit   bre.Tker.      \V-2."n.      p    730 

Oil  Circuit  Breakers --.T  v  \f^v,r„ 
ne.v.       Recent     dove!  ^. 

tlons.     Operating  m-  r.^ 

Re.^ctanee    tvpe.       D-l.     I-14,    W-Slis! 
\  ol.   X.   p.   738.   Aug.,  -13. 
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Cliaiacteristics  of  Oil — Q.  B.  226, 
393. 

Por  D.  C— Q.  B.  94,  277,  689. 

Switching-  Practice — y.  B.  140. 

Low  Voltage  Release — Q.  B.  313, 
371. 

In  series — Q.  B.   398. 

Trip   Coils — Q.   B.   537. 

Electric  vs.  Pneumatic — Q.  B.  S46. 

Testing — Q.  B.  It  So. 

Rating-  of  Oil  Circuit  Breakers — J. 
N.  Mahoney.  T-1,  C-1,  I-IO,  W-2S40. 
Vol.  X,  p.  1103,  Nov.,  '13. 

(B)   P.  M.  Lincoln.     W-375,  p.   1103. 

Rating — Q.  B.   301,  398. 

Puses — Dean  Harvey.  Character- 
istics, standardization  and  types.  1-9, 
C-3,  W-1900.    Vol.  Ill,  p.  159,  Mar.,  '06. 

(E)    T.   S.   Perkins.      VV-oOO,   p.    125. 

Por  Motors — Q.  B.  9,  10,  367,  422. 

Over-Load  Capacity — Q.  B.  50. 

Capacity  and  Length. — Q.  B.  323. 

Copper  Wire — Q.    B.    709. 

Knife  Switches — Wm.  O.  Milton. 
Modified  forms.  D-1,  1-4,  W-2250. 
Vol.  IV,  p.  699,  Dec..  '07. 

Dlscomiectlng  S-wltches — Wm.  O. 
Milton.  1-7,  W-1000.  Vol.  V,  p.  47, 
Jan.,  '08. 

Electrical  Contact  Resistance — F. 
W.  Harris.  The  Laws  of  Contacts. 
C-1,  D-1,  W-3875.  Vol.  X,  p.  637, 
July,   '13. 

(E)    K.   C.   Randan.     W-480,   p.   617. 

Protective 

The  Present  Status  of  Protective 
Apparatus  —  R.  P.  Jackson.  (B.) 
W-700.     Vol.   Ill,   p.   363,   July,  '06. 

Pro1>3ction  of  Electric  Circuits  and 
Apparatus  from  Lightning  and  Sim- 
ilar Disturbances — R.  P.  Jackson. 
Causes  and  effects.  Means  of  re- 
ducing troubles.  Selection  of  appa- 
ratus. Directions  for  specifying 
lightning  arresters  and  choke  coils. 
T-1,  C-1,  D-12,  1-14,  W-7  700.  Vol. 
V,  pp.  79.  156,  223;    Feb.,  Mar.,  Apr.,  'OS. 

See   "Continuity  of  Service,"   p.   20. 

Protection— Q.  B.  137,  475,  478,  812, 
842,   975. 

Operation,  Investigating  LigMning 
Arrester — N.  J.  Neall.  D-2,  1-15,  W- 
1400.     Vol.  II,  p.  141,  Mch.,  '05. 

Arresters,  Low  Voltage — N.  J. 
Neall.  D-2,  1-9,  W-1700.  Vol.  II,  p. 
372,  June,  '05. 

Local  Circuits — Q.   B.   711. 

Arresters,  High  Voltage — N.  J. 
Neall.  D-1,  1-6,  W-2400.  Vol.  II,  p. 
482,  Aug..  '05. 

Lightning  Arresters — T.  A.  Mc- 
Dowell. Railway  type.  1-3,  W-850. 
Vol.  X,  p.  1082,  Oct.,  '13. 

Lightning  Arresters  —  Multigap 
with  ground  shields — R.  B.  Ingram. 
C-6,  D-5,  W-1925.  Vol.  IV,  p.  215, 
Apr.,   '07. 

(E)    R.   P.   Jackson.     W-375,   p.    18S. 

Electrolytic  Lightning  Arrester — 
R.  P.  Jackson.  Description.  1-3,  W- 
1000.  Vol.  IV,  p.  469,  Aug.,  '07.  See 
also  p.   608,  Aug.,  '10. 


Electrolsrtic   Lightning   Arresters — 

G.  C.  Dill.  Theory.  Design.  Care. 
Operation.  D-5,  I-IO,  W-4S10.  Vol. 
X,  p.   752,  Aug.,  '13. 

(E)    R.   P.   Jackson.     W-320,   p.   717. 

Construction — Q.  B.   234,   345. 

Theory — U.    B.    234. 

Drying  Oil — Q.  B.  844. 

Overhead  Grounded  Conductors — R. 
P.  Jackson.  Means  of  protection  of 
transmission  lines  against  abnormal 
stresses.  C-7,  W-1825.  Vol.  VII,  p. 
833,  Oct.,  '10. 

Example  of  Danger  from  Poor 
Ground — R.  P.  Jackson.  I-l,  W-450. 
Vol.  V,  p.  291,  May,  '08. 

Iron  Pipe  Ground — Q.  B.   60. 

Grounds — Q.  B.  669,  680,  805. 

Choke  Coils — N.  J.  Neall.  Theory 
and  advantages.  D-7,  I-IO,  W-2000. 
Vol.   II,  p.   603,  Oct..   '05. 

Dev^elopment  and  Experiments — 
Arresters^N.  J.  Neall.  D-3,  1-7,  W- 
2000.     Vol.   II,  p.  30,  Jan.,  '05. 

Foreign  Practice  —  Lightning  Ar- 
resters— N.  J.  Neal.D-10,  1-7,  W-2000. 
Vol.   II,   p.   754,  Dec,  '05. 

Choke  Coil  Protection  —  Qola 
Lightning  Arrester.  1-2,  W-400. 
Vol.  Ill,  p.   33,  Jan.,  '06. 

Methods  of  installation  and  use  of 
resistance.  Cable  and  line  protec- 
tion. I-l,  D-13,  W-2300.  VoL  III,  p. 
167,  Mar.,  '06. 

Spark  Gap — The  Equivalent — N.  J. 
Neall.  D-2,  I-l,  W-2000.  Vol.  II,  p. 
224,   Apr.,   '05. 

Multi-Gap — Q.  B.   62. 

Low  Equivalent — Q.  B.   103. 

Water  Jet — Q.  B.  259. 

The  Horn  Gap — A.  W.  Burke.  His- 
tory. Principles  of  operation.  Latest 
developments.  D-3,  I-IO,  W-2335. 
Vol.  X,  p.  530,  June,  '13. 

Horn  Gap — Q.   B.   733. 

Testing  Arresters— Q.  B.  762. 

Choke  Coils — Q.  B.   842,  981. 

Synchroscopes 

Apparatus     for     Syiichronlzing — 

Harold  W.  Brown.  Synchroscopes 
and  automatic  synchronizers.  One 
set  of  bus-bars;  two  sets  of  bus- 
bars; between  machines.  D-11,  I-l, 
W-3400.     Vol.  V,   p.    530,   Sept..  '08. 

(E)  C.  H.  Sanderson.  W-725,  p.  490. 
Synchronizing  Devices — ^Paul  Mac- 
Gahan  and  H  W.  Young.  Principles 
and  operation.  Inductor  type.  Lin- 
coln type.  Automatic  synchronizer. 
D-2,  1-5,  W-3650.  Vol.  IV,  p.  485, 
Sept.,  '07. 

(B)   P.   M.   Lincoln.     W-300,   p.   481. 
Synchronizer,     Automatic — Norman 
G.  Meade.     D-3,  1-3,  W-2200.     Vol.  II, 
p.   294,  May,  '05. 

(E)    P.  M.  Lincoln,  p.   325. 
Synchroscope.         D-2,     I-l,     W-600. 
Vol.  I,  p.  6S2,  Dec,  '04. 

Mechanical  Synchronizing — H.  S. 
Baker.  Example.  W-400.  Vol.  III. 
p.    652,   Nov.,   '06. 

CE)   Paul  MacGahan.   W-350,  t).  60K. 
Synchronizing      Voltmeter — Q.      B. 
461. 
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Regulators 

Polyphase    Induction    Regulators — 

B.     E.     Lehr.     Connections;     primary 
and  secondary  phase  relations;   wind- 


ing and  connection  of  coils;  rules  for 
laying  out  and  checking.  D-9,  W- 
1625.      Vol.  VIII,  p.  1008,  Nov..  '11. 

G.    H.    Garcelon.      D-6,    1-2,    W-1500. 
Vol.  I,  p.   579,  Nov.,  '04. 
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Three  1-Pliase  vs.  One  3-Fhase — u. 

Automatic — g.   H.   s;!l. 

As   Transformer     Q.   B.   198. 

Voltagre  Beg  Illation — y.  U.  284. 

3-Pliase   Booster   -t^.    H.    70J. 

Relay  Control      ij.    i;.   7(i:,, 

Inauutlon  Ke)falator  CioutroX — Clar- 
•nc«  Kenshaw.  For  use  on  c<irs.  U- 
a.   W-400.      Vol.    1.   p.    137,  Apr..    04 

Alternating-Current  Potential  K9g- 
alators — CJeurge  it.  Metcalfe.  De- 
Bcriptlun  and  prlnclijlea  of  operation 
of  various  types.  C-2,  D-6,  1-7  W- 
I  600.      Vol.    V,    p.    448,    Aug.,    '08. 

Capacity — ij.  j;.  ii;;;. 

Peeder  Voltagre  Begrulation — E.  E. 
Letir.  Describing  developments  in  in- 
duction regulator  details  and  opera- 
tion. C-5,  D-3,  1-8,  W-3400.  Vol.  IX, 
p.   985,  Nov.,  '12. 

(!•:)   .\.  I).  Fisiui.     w-ir.n.     p.  oco. 

Voltmeter  Compensation  for  Drop 
In  Alternatlngr-currant  Circuits — 
William  Ne.sblt.  Compensator  pro- 
vided with  adjustable  contacts  to 
compensate  for  line  resistance  and 
line  reactance.  T-1,  C-3,  D-5  \V- 
8500.     Vol.   V.   p.    26,   Jan.,   '08.     " 

(E)   Chas.    F.    Scott.      \V-47.S.   p.   3. 

Transformers  for — Q.   B.   539. 

TirrUl  Begulators — A.  A.  Tlrrlll. 
0-2.  L»-7,  1-4,  W-1300.  Vol.  V,  p.  502. 
Sept.,   'us. 

(E)  K.  E.  Van  Kuran.     "W-GOO.  p.  485 

Exciter — Q.   B.   905.  RIO 

Operation — Q.   U.    4SS. 

Connections — Q.  B.  538. 

Adjustment — Q.  B.  576,  700. 

Installation — Q.  B.  605. 

Application — Q.   B.    682. 

Rheostats — Q.    B.    942. 

Governor  Trouble — Q.  B.   951. 

Tasting  Induction  Betrmators — C 
J.    Fay.      T-1.    D-3.    I-l,    \V-600.      Vol 

III.  [..  f,:,?.,  xi,v  ,  'iM-. 

Potential  Regulation  for  Iiar^a 
Elftctric  Pumaces — H.  U  Stuart. 
D1-.  1-3.  W-1800.  Vol.  HI.  p.  212, 
Apr,  "06. 

Constant   Circuit — Q.    B.    30. 

Carbon  Piles      Q.   B.   571. 

Arc    Compensator — Q.    B.    269,    702. 

Arc  Re^rulator  —  <.>.  B.   771. 

Slip  BegTilator — Q.  B.  s:;7. 

Controllers 

Direct-Current  Motors  In  Industrial 
Service — D.  E.  Carpentor.  General 
dtsirlptlon  of  swItchlnB  apparatus 
and  CMntro]  devlro.s.  ('..niifctiorus  D- 
a.   I-S.  \V-327o.    Vol.  VT.  p.  20,  Jan.,  "09. 

Control  of  Direct-Current  Elevator 
and  Hoist  Motors — n.  E.  C'arpontor. 
Autoni.itlc:  sf-ml-.-iutomatic.  Safety 
devlcr.M.  1-6.  W-4276.  Vol.  VI.  p. 
107,  Fob..  '09.  ^ 

Control     of     Direct-Current     Pump 
and    Compressor    Motors      1  >.    i:.    c.ir- 
pentor.      F''l'>,nt   tvpo  and  pro.«:siire  tvpe 
mastor  awltchos       D-2.   1-3    W-1456 
Vol    VT.    n.    167.    Mar..   "09. 

Control  of  Direct-Current  Machine 
Tool  Motors — I).  E.  ('arponlor.  Means 
of  Increa.sInK  output.  D-3.  T-2  W- 
1725.      Vol.   VT.  p.   i.S5.    Apr.  '09 

Control    of    Direct-Current    Motors 
in    Steel    and    Iron    Mills    -T)     E     C.ir- 
penler      Cnntr'l    of    mill    cranes    and 
hoists,  ore  hrlde**"".      D-2.  T-5    W-1725 
Vol     VT     p     ?«iS     \r-tv    •no 

Control  of  DIroct-Cnrront  Motors 
Operating^  Open-Hearth  Tilting  Fur- 
naces—I.     Deutsch.       At     the     South 


Side  Works  of  the  Jones  and  Laueh- 
liti  Steel  Co.     D-1,   1-6,   W-2075.     Vol. 
V  i.  p.  362,  June,  '09. 
Direct-Current  Elevator  Controllers 

— W.  li.  I'alter.sm.  lOl.-ctrlcal  and  nif- 
clianicai  features  of  now  types      D-l 

Trouble — Q.  i:.  771;.  .      k    ,     *. 

Mag-net  Switch  Control  for  Enirlne 
and  Car  Wheel  Lathes— j.  h.  Klinck. 
D-l,  1-4,  W-1550.  Vol  VII,  p.  478. 
June,   '10. 

Automatic- Motor  Starters  and  Con- 
trollers— II.  L.  Bciich.  Comparison  of 
shunt,  compound  and  .series  motor 
characteristics  for  specific  applica- 
tions. C-5,  W-2225.  Vol  IX,  p  719, 
Aug.,   '12. 

Specific  application  to  motors  driv- 
ing loads  having  small  inertia.  C-1, 
Se   t     '"12    ^■-°2^-       ^o'-    I'^'    P-    ''SO: 

Automatic  Pump  Governor  and  Wa- 
}^\  ^.^\^K  Begrulator— A.  C.  Lasher 
D-l.   \\-1125.      Vol.  VIII,  P.   1121.   Dec, 

Electro  -  Pneumatic  Control  for 
X'arg'e   Direct-Current    Motors — H     D 

Ja.me.s.  D-l.  I-t,  \V-1;h,,,.  vqI.  hi,  p 
•lo,   Jan.,     Oij. 

_^J^*oniatlo  vs.  Manual  Control — 
William  Cooper  (E.)  W-800.  VoL 
III.   p.   3.   Jan.,  '06. 

Auto-Starters — Q.  B  11  ,'?'l  i-,s 
K.r    -.1.    404.    450.   h4.   750.   890  ' 

Controller  CyUnders — Q.  B.  52 

Starting-  Boxes— Q.   B.   905. 

Unit  Switch  Control  for  Electric 
Railways — Aaron  i:.  Cole.  Distinctive 
I '-a  tuns  of  four  stanaard  typos.  D-B. 
I-o.   ^^-4700.   Vol.   IX.  p.   929.  Oct..   '12. 

Unit  Switch  Control  for  Iilfrht  Car 
Equipments — Karl  A.  .^immon  De- 
scription of  simplified  hand  operated 
type  of  control.  Multiple  operation 
Advantages  in  service.  l)-6.  1-14  W- 
2725.      Vol.   VIL   p.    802.  Oct      '10    ' 

CE)  Clarenco  Ron.shaw.  \V-.'nn.  p  741. 

Electro-Pnenmatlo  System  of  Train 
Control— p.  C.  McNulty.  Jr  Advan- 
taee.s;  use  of'  compressed  air.  D-4. 
1-7.  W-3800.      Vol.   n.  p.   207.   Apr.  'OB. 

Pneumatically-Operated  Drum  Con- 
trollers -.\.  ,j.  II  ,11  and  L.  C.  Ullev. 
Principle  of  oper.ition.  D-2.  I-ll.  W- 
2770.     VoL  X.  p.  970.  QcU  '13. 

Pleia  Control  of  the  Michlg^an 
nnitcd  Traction  Co.      K.  .\    Mcllh«nv 

Oct.".  -Vs'  ^'•'^^^-    ^'•''-  -^'  P-   ^o"! 

Direct-Current  Ballwav  Motor  Con- 
trol -Wil'lim  (•....p.r  }-•:  I).-,  \V- 
5<  11".      \-ol.    in.   p.    U'T.    M  ir".  -'W, 

BlnR-le-Phase  Car  Control  — R  P 
Jack-son.  D-2.  T-9.  W-2400.  Vol.  IL 
p.    52.'>.   Sept.,   '05. 

Blng-le-Phase     Control.    Dlag^rams 

R.    1*.    Jarkscn,       I  I- J.    W-.TO.i        \-,,l      U 
p.    76  2,    Doc.,   "05. 

Rheo.<;tat5 

Beslstanoe     Device,      Vsrlabl*. 

D-I.    W-2r,n       V..1     T.   p.  247.   Mav.   '04 
Slide  Wire  Besistance.     T-l,  W-400. 

Vol.    n.    p.    r.S.    Jan..    -05. 

Startlnir  Rheostats.  Mazlmnm  and 
Minimum  Bclcase.  \V-l.'.ii  Vol.  II 
p.   J 92.  Mar.    05. 
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Rheostat    Design — F.     D.     Hallock. 
C-4,  W-3000.    Vol.  IV,  p.  105,  Feb.,  '07.. 
Operation — Q.  B.  300. 
Resistance  of — Q.  B.  745. 
Starting  without — Q.  B.   749. 

Synchronizing-  Rheostats.  Vol.  I, 
p.   302,   June,  '04. 

Emergency  Induction  Motor  Con- 
trollers— Gordon  Kribs.  W-500.  Vol. 
VI,  p.   53,  Jan.,  '09. 


Grid  Resistors — A.  H.  Candee.  For 
railway  service.  1-2,  T-1,  W-935.  Vol. 
X,   p.    1079,   Oct.,   '13. 

Grid  Composition — Q.  B.  334. 

Incandescent  Iiamps — Q.  B.  111. 

Water  Rheostat — Q.  B.  220,  233, 
427,   S90. 

Loading  Racks— Q.  B.  591. 

Battery  Charging — Q.   B.   397. 

Pield  Rheostat — Q.  B.   619,   630. 

Starting  Box — Q.  B.  905. 


UTILIZATION 

GENERAL 


Hydro-Electric    Development — Mor- 
ris    Knowles.      Water     Conservation. 
W-2550.     Vol.  X,  p.  631,  July,  '13. 

(E)    P.   M.   Lincoln.      W-700,   p.    620. 

Conservation  of  Water  Powers — 
Sidney  Z.  Mitchell.  W-2875.  Vol. 
VIII,  p.   424.  May,  "11. 

CR)  Chas.  F.  Scott,     p.  415. 

Water  Power  Rights — Chas.  F. 
Scott.  (E)  Discussion  of  action  of 
N.  E.  L.  A.  Review  of  address  by 
Mr.  J.  H.  Finney  at  American  Elec- 
trochemical Society  Convention, 
Pittsburg,  May,  1910.  W-SOO.  Vol. 
VII,   p.   503,   July,   '10. 

Conservation  of  Power  Resources 
— Chas.  F.  Scott.  (E)  Notes  with 
reference  to  proposed  federal  legis- 
lation. W-850.  Vol.  V,  p.  122,  Mar.,  '08. 

Comments  on  a  brief  by  Mr.  Put- 
nam. Chas.  F.  Scott  (E).  W-725. 
Vol.  V,  p.  486,  Sept.,  '08. 

Water  Power  and  National  Conser- 
vation— Chas.  F.  Scott  (E).  Review 
of  A.I.E.E.  paper  by  Mr.  L..  B.  Still- 
well  on  "Electricity  and  the  Conser- 
vation of  Energy."  W-750.  Vol.  VI, 
p.   325,  June,  '09. 

Fundamental  Reasons  for  TTse  of 
Electricity — Chas.  F.  Scott.  W-5050. 
Vol.   VI,   p.   649,  Nov.,  '09. 

Rate  Making  for  Public  Utilities — 


The  Madison  Case — ^Percy  H.  Thomas. 
Valuation  of  property.  Depreciation. 
Reasonable  rates.  Rates  specified  by 
commission.  W-6075.  Vol.  VII,  p. 
560,  July,  '10. 

(B)   Chas.   F.   Scott.    W-140a.  p.  499. 

A  $2  500  000  000  Argument  for  Cen- 
tral Station  Service — ^A.  E.  Rickards. 
Growth  of  Electric  Power  Supply. 
T-10.  C-3,  W-2385.  Vol.  X,  p.  515, 
June,   '13. 

Central  Station  Progress — R.  S.  Orr, 
(E)     W-620.    Vol.  X,  p.   489,  June,  '13. 

Co-Operation  Between  Central  Sta- 
tion     and      Manufacturer — Chas.    F. 
Scott.       W-2300.       Vol.    VIII,     p.     695, 
Aug.,    '11. 

Tendencies  in  Central  Station  Serv- 
ice— D.  E.  Carpenter  (E).  W-650.  Vol. 
IX,   p.  181,   Mar.,   '12. 

Marketing  Central  Station's  Output 
— Joseph  McKinley  (E).  W-825.  Vol. 
IX,  p.  182,  Mar.,  '12. 

Selling  Current  In  Cities  of 
Twenty  Thousand  Inhabitants  —  H. 
C.  Ayers.  W-1900.  Vol.  Ill,  p.  353, 
June,   '06. 

Impressions  of  the  West,  1898-1909 
— Chas.  F.  Scott  (E).  Notable  elec- 
trical developments  In  transmission 
and  industrial  fields.  W-172B.  Vol. 
VI,   p.   642,  Nov.,  '09. 


ELECTRO-CHEMISTRY 


Applied  Chemistry  —  James  M. 
Camp.  W-1500.  Vol.  II,  p.  700, 
Nov..   '05. 

Examples  Electro-Chemical  Indus- 
try— P.  M.  Lincoln.  ■W-500.  Vol.  Ill, 
p.   182,  Apr.,  '06. 

Developments  In  Electro-Chemlstry 

— Chas.  F.  Scott.  (E)  Combination 
of  two  sciences.  Usefulness  usually 
dependent  on  cheap  electric  power. 
W-610.    Vol.   VII,   p.   425.   June.   '10. 

Electric  Welding-  —  C.  B.  Auel. 
Various  methods  described;  Benar- 
dos  process  In  detail.  Method  of 
making  welds.  Results.  D-1.  1-8, 
W-4  550.     Vol.  V,  p.   18,  Jan.,   '08. 

(E)  Alexander  Taylor.     W-375,  p.  2. 

Incandescent  Welding — C.  B.  Auel. 
LaGrange-Hoho    and    Thomson    Pro- 


cesses; based  on  resistance  principle. 
Industrial  applications.  T-3,  C-1, 
D-3,  1-24,  W-1625.  Vol.  VII.  p.  430. 
June,  '10. 

Oxv-Acetylene    "Welding- — See    p.    3. 

Voltage — Q.   B.   248. 

Electrodes — Q.  B.   551. 

Electric  Cutting — Q.  B.   725,  802. 

Plux — Q.    B.    757. 

Power  Rate  for — Q.   B.   891. 

Electric  Pumaces — William  Hoopes. 
Principles  and  features  of  desig-n, 
operation  and  commercial  application. 
C-1,  1-12,  W-3900.  Vol.  VI.  p.  221, 
Apr..   '09. 

fB)   W-650,  n.   194. 

Standard  Cells — Q.  B.   608. 

Refining  Copper — Q.  B.  697. 

Silver  Plating — Q.  B.  978. 


LIGHTING 


General 


American  Association  for  the  Con- 
servation of  Vision — B.  L.  Elliott  (E). 
W-725.  Vol.  VIII,  p.   488,  June,  '11. 

The  Eye  a  Pactor  in  Illumination — 

Chas.    F.    Scott.      (B.)     W-1190.      Vol. 
X,  p.   490,   June,  '13. 


Efficiency  In  Illumination — Arthur 
J.  Sweet.  T-2,  C-3,  W-3950.  Vol.  VI, 
p.   156,   Mar.,   '09. 

(E)Chas.  F.   Scott.     W-900.     p.   129. 

Cost  of  Illumination — Mar  Harris. 
T-3,  W-3050.  Vol.  VI,  p.  339.  June, 
'09.     (See  correction,  p.   448,  July,  '09. 


UTILIZATION— Lighting 


27 


Methods  of  Calculating'  Illiunlna- 
tlon — E.  B.  Rowe.  Hiiscd  on  liKht 
flux.  T-5.  C-2.  D-1,  W-UG75.  Vol.  IX, 
p.  473,  June,  "12. 

Bolntlon   of   lUnmLaatlon   ProbleniB 

— Arthur  J.  Sweet.  Di.scusslon  of 
typical  problems,  giving  formulae 
and  distribution  curves.  C-5,  D-5, 
■W-3875.     Vol.   VI.  p.    662,  Nov.,  '09. 

(E)  Chas.  F.  Scott.  W-525.  P. 
711,   Dec,  '09. 

Ttmsrvten  mamlnation — Arthur  J. 
Sweet.  Rules  for  application  of 
lamps  and  reflectors.  (See  ed.  p. 
711).  T-5,  D-10,  W-2525.  Vol.  VI,  p. 
740,  Dec.  '09. 

The  niTuuinatlngr  Situation — Percy 
H.  Thomas  (E).  VV-575.  Vol.  IV,  p. 
B41.  Oct..  -07. 

A   Tear's   Advance   in   Illumination 

— E.   R.  Treverton.     (E.)     W-7uO.    Vul 
X.   p.   40.T,   .Juno.   '13. 

Beading-  Course — Q.  B    482. 

Electric  Fountain — Q.   B.   999. 

htdoobs 

Drafting-     Boom     Iiightlng- — C.      E. 

CTewell.  Notes  on  experiments  to  de- 
termine proper  Intensity,  arrange- 
ment and  number  of  lamps.  D-9  f-l. 
W-1975.      Vol.   VIT,   p.    0.-,6,   Dec.   '10. 

Industrial  Lighting  Systems — C.  E. 
Clewell.  Design,  construction,  instal- 
lation and  operation.  T-2,  D-6,  1-3 
W-3825.     Vol.  IX,  p.  459,  June,  '12. 

(E)  T.  J.  Pace.  Illuminating  engi- 
neering and  the  central  station.  W- 
750.     p.   456. 

Industrial  Illumination — C.  E.  Cle- 
well. Practical  prohloms  and  system- 
atic methods  of  solution.  T-5.  C-1, 
D-5,  I-l,  W-4250.  Vol.  IX,  p.  588, 
July.  '12. 

Tungsten  Lli^htlng  in  Modern  In- 
dustrial Establishments  —  .-\lex.  J. 
Alr.ston.  Wires  for  design  of  system 
of  illumination  T-3,  D-5,  I-i,  W- 
262.->.      Vol.   IX.   p.   1076.   Dec.  '12. 

Hotes  on  Factory  Iiightlng — C.  E. 
Clewell.  Candle-power  ranges  and 
relative  efflclencles  of  various  cnm- 
merclal  units;  selection  and  installa- 
tion of  units.  D-3,  I-l  W-387B.  Vol. 
VIII.  p.  278.  Mar..  '11 

Factory  Llghtlnir  Problems — C  E 
Clewfll.  T-1,  C-2.  I)-4  1-5.  \V-3800. 
Vol.   VIII,   p.   494.   June.   '11. 

(K)   C.    n.   Au«>l.      W-fiOO.      p.   485. 

Operation  and  Maintenance  of  Fac- 
tory Iiightlng-  r'.  K  ciowoii.  T-3,  C- 
4.  n-2.  1-6.  W-?525.  Vol.  VIII,  p. 
10S2.  Dec.  '11. 

Forge  Shop     n.  v..  r.sn. 

Machine  Tool  Illumination — C.  E. 
ripwell.  Operating  oo.st;  niountlngof 
lamp;  reflectors:  randle  power:  shad- 
ows. T-1.  C-1.  1-8,  W-3075.  Vol.  IX, 
p.    118,    Feb.,    '12. 

(E)    C.   R.    Aviel.      ■W-675,  p.   106. 

Power  House  Iilsrhtinr — C.  E  Cle- 
well. 1)  n.  IS.  \V-2750.  Vol.  VIII. 
p.    783.      Sept..   "11. 

(E)    Chas.    R.    RIker.      W-850.   p.  743. 

Office  lighting- — C.  E.  Clewell. 
Notes  fin  f>xperlnionts  to  determine 
proper  arrnncement  and  number  r>T 
lamps.  Connhislons.  T-1,  D-3  W- 
27on       Vol.   VTT.   n    3r.2.   M.nv.   '10. 

(K>    r-h.ns.    F.    p.->ft       \V-<?75.    p.    333. 

Itightlmr  of  Small  Offices — C.  E. 
Clewell.  Sfult.Thle  size,  number  and 
arrangement  of  lamps;  cost.   (See  ed.. 


p.    485.)      T-2,    D-6.    I-l,    W-2400.      Vol. 
VIII.   r'-   537,  Juno.  -n. 

laighting  of  a  Small  Jewelry  Store 
— E.  M.  Smith.  I-l,  W-575.  Vol.  IX, 
p.    571.   June,   '12. 

Steel  Mill  Iiightlng — C.  E.  Clewell. 
Special  reauirement.s  of  various  de- 
partments. T-1.  1-12,  W-3295.  Vol. 
X,   p.   502,  Juno,  '13. 

Economic  Lighting'  of  Street  Cars 
— S.  G.  riibbon  .'ind  E.  M.  Smith. 
Equipment.  Illumination.  Cost.  T-2, 
C-3,  D-1,  1-2.  W-1505.  Vol.  X,  p.  558. 
June.  '13. 
STBEETS   AND    PABKS 

Street  Illumination — C.  E.  Steph- 
ens. Source,  intensitv,  and  distribu- 
tion of  light  flux.  Typical  distribu- 
tion curves.  C-5,  W-3150.  Vol.  VI, 
p.   353,  June,  '09. 

Street  Lighting — W.  P.  Hurley  and 
C.  B.  Padon.  Advantages  of  metallic 
flame  arc  lamps.  Typical  installation 
using  mercury  arc  rectifiers.  T-1, 
D-1.  1-5.  W-1950.  Vol.  IX,  p.  527, 
June,    '12. 

Street    Lighting-    and    Fixtures    of 
New  York  City — C.  F.  T.,aCombe.    His- 
tory and  Kiiffinoerinp  Data.    C-6.  1-17 
\V.44f)0.      Vol.   X.    p.    538.   June.   '13. 

ninmination  of  Business  Streets — 
G.  W.  Roosa.  Adverti.-^ing  value. 
Principles  of  illumination.  1-2,  W- 
1510.      Vol.   X,   p.   407,   June.   '13. 

Aesthetics  in  Street  Lighting — 
Georgo  \v,  Rnos.x  Rolntiv  values 
of  features  of  illumination.  T-1,  1-4, 
"W-2095.     Vol.  X,  p.   138,  Feb.,  '13. 

The  Lighting  of  Besldence  Streets 
— .Man  llright.  nrn.iinontal  tungston 
installations.  1-6.  W-1290.  Vol  X 
p.   812,   Sept..  '13.  ■        ' 

fE)   ir.   S.   E\Mns.     W-4nO.  p.   sno. 

Tungsten  Lamp  in  Street  Lightin^r 

— C.  E.  Stephens.  Intensity  of  illu- 
mination required.  Production  nt 
minimum  cost.  Distribution.  Dif- 
fusion. Series  regulator.  Ornament- 
al   poles.      T-l,  C-1,   1-5,   W-2650       Vol 

VII.  p.    594.    Aug.,    '10. 

Series    Tungsten  Lamps   for  Street 

Lighting — H.  A.  Hussev.  W-2875. 
Vol.   l.\,   p.    482,   June,   '12." 

Units 

as    Cycle    Lighting    In    Buffalo— H. 

R.  Alvorson.  \V-1700.  Vol.  III.  p.  231. 
Apr..    '06. 

Historical       Exhibit       of       Lamps. 

."^niirros    and     cu.sts    of    light.      \V-2.'iO 
Vol.    VIT.    p.    9S3.    Doi-..   -1>1 

(E)    Chas.   F.    Rooft.    W-1250.  p.   926. 

Cost  of  Ulumlnants    -O    H.   r.C.''.. 
INCANDESCENT  LAMPS 

Physical    Characteristics    of    Tuntr- 

stcn      Lamps  —    J        Franklin      Mover 

T-1,  r.>\,  n-1.  w-i7r.o.     voi.  viri.  p 

62<»     Juno    -11 

The  Tungsten  Lamp — Dr.  .\nton 
T^edoror.  Its  (lovolnpmonf s  and  ohar- 
noforlstlos.  T-3.  C-i.  T-H,  W-3685. 
Vnt     X.    n     )T'-'     X..V  .  '13. 

Tungsten  Filament — Q.  P.   SSO.  3S1. 

Efficiency      <.>     I!     I'll. 

Incandescent  Lamp  in  Use — n  F 
Fisher.  Jr.  Curve<«  of  m-^-t  eoonnm- 
Irnl       efflolnnrv,      C-4.       W-2450.      Vol 

VIII.  r     ^*~.    Jnne.   '11. 
Develouments      In      the      Tungsten 

Lamp — r,     p.    Srhnll.      W-1526.      Vol. 

IX.  p.  567.  June.  '12. 
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Improvement  in  the  Manufacture 
of  Incandescent  Iiamps — ^B.  F.  Fisher, 
Jr.    W-1360.    Vol.  X,  p.   524,  June,  'IS. 

Increased  Efficiencies  of  Mazda 
Lamps — -J.  Franklin  Meyer.  T-1,  W- 
970.      Vol.  X,   p.   527,   June,  '13. 

Three  Voltag-e  Method  of  Iiaheliu^ 
Tungsten  Ijam.p3 — B.  F.  Fisher,  Jr. 
T-1,  W-1375.  Vol.  VII,  p.  212,  Mar., 
'10. 

New  Porm  of  Tungsten  Iiamp — 
Chas.  F.  Scott.  Improvements;  use 
of  continuous  wire  type  filament  and 
flexible  terminal  connections.  Me- 
chanical tests.  T-1,  D-2,  1-4,  W-2425. 
Vol.  VII,  p.   469,  June,  '10. 

Reflectors  for  Incandescent  Iiamps 
— Thomas  W.  Rolph.  Advantages  of 
reflectors.  Considerations  regarding 
their  use.  T-3,  C-5,  D-2,  W-3050. 
Vol.  VII,  p.  341,  May,  '10. 

(E)    Chas.  F.  Scott.     W-875,  p.   333. 

Candle  Power  Variation  of  Incan- 
descent Iiampa  at  25  Cycles — P.  O. 
Keilholtz  and  B.  Harrison  Branch. 
T-4,  C-3,  D-1,  W-3000.  Vol.  Ill,  p. 
222,  Apr.,  '06. 

rE)   Chas.  F.  Scott.    W-1000,  p.  183. 

JmOsic  of  Pree  Ijamp  Renewals — 
H.  N.  Muller.  C-4,  1-4,  W-2700.  Vol. 
V,   p.   143,   Mar.,  'OS. 

Incandescent  Iiamps  for  Railway 
Use — George  P.  Soholl.  W-850.  Vol. 
IX,  p.  850,  Oct.,  '12. 

Iiife  Testing  Incandescent  lamps 
— H.  S.  Dunning.  W-1250.  Vol.  X, 
p.   573,  June,  '13. 

110  VS.  220  Volts — Q.  B.  86. 

Effect  of  Flickering — Q.  B.  414. 
ARC  IiAMPS 

Arc  Ijightln^ — R.  H.  Henderson. 
D-4,  I-l,  W-3300.  Vol.  Ill,  p.  265, 
May,   '06. 

Energy  Consiimption — Q.  B.  532. 

Stability  of  the  Electric  Arc — G.  W. 
Roosa.  Notes  on  extended  observa- 
tions. 1-8,  W-3150.  Vol.  IX,  p.  1062, 
Dec,  "12. 


Observations  on  the  Metallic  Arc — 

G.  M.  Little.     1-12,  W-3650.     Vol.  IX, 
p.   157,  Feb.,  '12. 

Metallic  Plame  Arc  Iiamp — €.  E. 
Stephens.  Development.  Design. 
Construction.  Results  obtained.  D- 
8,  1-2,  W-2800.  Vol.  IV,  p.  647,  Oct., 
'07. 

Improvements  In  Street  Iiightln^ 
Units — Dudley  A.  Bowen.  Distribu- 
tion and  candle-power  curves  of  vari- 
ous arc  lamps.  Analysis  of  losses  in 
distribution.  Details  of  new  metallic 
flame  arc  lamp.  C-2,  D-2,  1-3,  W- 
1325.     Vol.  VII,  p.   412,  May,  '10. 

I^ong  Eurning  Plame  Carbon  Arc 
Lamps — G.  W.  Roosa.  Theory.  Per- 
formance characteristics.  Operating 
mechanism.  T-3,  C-2,  1-5,  W-2150. 
Vol.  X,  p.   565,  June,  '13.   - 

Plame  Carbon  Arc  Lamp — C.  E. 
Stephens.  Mechanical  and  electrical 
features  of  long  burning  type.  T-1, 
C-1,  D-1,  1-4,  W-1775.  Vol.  IX,  p. 
545,  June,   '12. 

Mysterious  Surging  of  Arc  Circuits 
— Leonard  Work.  Trouble  traced  to 
decfective  regulator  and  short-circuit- 
ed resistance  in  lamps.  W-1125.  Vol. 
VII,  p.   840,  Oct.,  '10. 

Testing  Arc  Lamps — Q.  B.   109. 

Por  Moving  Pictures — Q.  B.  771, 
795 

Compensator — Q.   B.   269,  702. 

VAPOR  LAMPS 

Mercury  Vapor  (Tube)  Light  vs. 
Other  Porms — Percy  H.  Thomas. 
(E.)  W-1000.  Vol.  Ill,  p.  121,  Mar., 
'06. 

Starting — Q.  B.   228. 

Inductance  for — Q.  B.  257. 

Internal  Temperature — Q.  B.  409. 

The  Cooper-Hewitt  Quartz  Lamp — 
Joseph  C.  Pole.  Theory.  Description. 
Characteristics.  T-1,  C-2,  1-7,  W- 
2450.     Vol.  X,  p.   622,  July,  '13. 


POWER 


General 

Industrial  Engineering — H.  W.  Peck. 
Methods  of  investigating  power  re- 
quirements for  application  of  motor 
drive  in  industrial  work.  1-7,  W- 
3525.     Vol.  VI,  p.   83,  Feb..  '09. 

(E)   J.  Henry  Klinck.    W-425,  p.   65. 

Building  Up  Power  Districts — D.  S. 
Brown  (E).  Some  western  methods 
and  results.  W-875.  Vol.  IX,  p.  454, 
June,    '12. 

Cost  of  Motor,  Power  and  Product 
— Chas.  F.  Scott  (E).  Necessity  of 
analyzing  conditions  to  determine 
relative  importance  of  these  factors. 
W-1200.     Vol.  VI,   p.   S21,   June,   '09. 

Central  Station  Industrial  Engi- 
neering— John  C.  Parker.  Line  of 
attack.  Reports  to  customers.  De- 
termining power  requirements  and 
meeting  conditions.  Exhaust  steam 
heating.  W-7025.  Vol.  VII,  p.  127, 
Feb.,  '10. 

(WA    "W   T!   ■wnkincinn      "^'"-82R.  p    9? 

Central  Station  Power  Load — A.  E. 
Rickards.  ^E.)  W-1500.  Vol.  X,  p. 
195.   Mar.,    '13. 

Power  Phase  of  Industrial  Engi- 
neering— A.  F.  Strouse.  T-2,  W-3225. 
Vol.  IX,  1^.  208,  Mar.,  '12. 


Selling  SPower  to  Large  Manufac- 
turers— A.  E.  Rickards.  Estimates  and 
recommendations  based  on  correct 
data.  T-2,  W-2550.  Vol.  IX,  p.  489, 
June,   '12. 

Pactory  Power  Costs — H.  H.  Hold- 
ing. Investment  cost;  labor  cost;  load 
factor  a  determining  condition.  T-4, 
C-5,  D-1,  W-3150.  Vol.  VIII,  p.  558, 
June,  '11. 

Cost  of  Heating — Q.  B.  674. 

Estimating  Electric  Power  Costs — 
Chas.  R.  Riker.  By  use  of  chart. 
Usefulness  of  card  index  record.  C'-2, 
W-1875.     Vol.  VTII.  p.  189,  Feb.,  '11. 

Motor  Cost — Q.   B.  963. 

A  Study  of  Load  Pactors — S.  A. 
Fletcher.  Showing  proper  method  of 
fixing  power  rates  to  customers.  T- 
1,  C-6,  W-1825.  Vol.  IX,  p.  773,  Sept., 
'12. 

Proper  Procedure  in  Pactory  Elec- 
trification— Wm.  B.  Wreaks.  W- 
1S50.     Vol.   IX,  p.    540,   June,  '12. 

Ensrineering  Methods  in  Pactory 
Electrification — Wm.  B.  Wreaks  (E). 
W-S75.     Vol.  IX,  p.   374,   May,  '12. 

Co-OneratioTi  jr  Dovelo-oirT  I'ndus- 
trial  Motor  Field — Harry  G.  Glass. 
W-1600.     Vol.  VII,  p.  884,  Nov.,  '10. 
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Sng-g^estlona  to  Central  Stations  for 
Hew      Business      Campaigns — W.      B. 

WilkinsMri       (i:).      \V-(J-'5.      Vol.    VIII, 
p.    115,    Feb..   '11. 

Field  of  tlio  Motor  Application  En- 
fflueer — A.  G.  Popcke  (Uj.  W-1200. 
Vol.   IX,  p.   451,  June,  '12. 

Profitable  Day  Iioads — S.  A.  Fletch- 
er. .Suf,'geHtions  for  improving  the 
load-factor  of  central  stations.  W- 
2350.      Vol.   VI,    p.   370,   June,   '09. 

Securing-  OfT-tHe-Peak  Load — Harry 
G.  Gla.ss.  (E)  Es.sential  points  for 
consideration  by  central  stations. 
W-1025.     Vol.   VII,  p.   850,  Nov.,  '10. 

Securing  Factory  Load  for  Central 
Stations — Lutlier  P.  Perry.  Conve- 
nient forms  for  u.se  of  central  station 
solicitors.  C-1,  D-1,  W-4G50.  Vol. 
VIII.   p.   612,  July,  '11. 

(K)   S.   A.   Fletcher,      p.   591. 

Belation  of  Load  to  Station  Equip- 
ment— F.  D.  Newbury.  Requirements 
of  generators  as  regards  It.v.a.  and 
fleld  capacity  for  loads  of  various 
power-factors.  T-1,  W-1600.  Vol. 
VIII,  p.   623.  July,  '11. 

Investigating  Manufacturing  Oper- 
ations with  arapliic  Meters — C.  W. 
Drake.  Means  of  determining  eco- 
nomics of  various  operations  and 
character  of  load.  C-6,  1-2,  W-2300. 
Vol.    VIT,   p.    536.   July.   '10 

Increasing  Use  of  Motor  Drive — W. 
B.  \Vilkin.yon  (!■:).  W-bl4.  Vol.  IX. 
p.   185.   Mar.,  '12. 

Recording  Conditions  of  Operation 
with  Graphic  Meters — See  Meters,  p.  7. 

Effect  of  Starting  Currents  on  Pow- 
er Circuits — J.  W.  Fo.v.  Starting  con- 
ditions in  cotton  mill  work  with  squir- 
rel cage  motors.  C-2,  \V-1575.  Vol. 
VITI,  p.  778.  Sept.,  '11. 

Motors  and  Their  Application 

(Seealso  Regulation  and  Control  p.  21) 

Advantages  of  the  Electric  Drivo — 

J.  Henry  Kllnck.  In  Its  application 
to  railway  repair  shops.  W-1726. 
Vol.   IV.  p.  341,  June,  '07. 

Electric  Motor  Applications  —  J. 
Henry  Kllruk.  Selection  of  motors; 
methods  of  control;  three-wire  dia- 
gram, n-l.  1-19,  W-3800.  Vol.  II.  p. 
666,    Sept.,    '05. 

Electric  Power  for  Industrial  Con- 
cerns— J.  H.  Kllnck  (IC).  Advantages 
of  central  .station  power.  W-575,  p. 
48.      Vr.l.   VTII.   Jan.,   '11. 

Motor  Capacities — Q.  B.   402. 

Comparlsous  of  Oronp  and  Indi- 
vidual Drlve^.V.  C.  P..p(k<'.  Mothnd 
of  investigating  machine  shop  condi- 
tions. T-3,  C-2,  P-1,  W-2175.  Vol. 
VIIT,  V.  999,  Nov.,  '11. 

(K)    Chas.   R.   Ulker. 
at  Full  Ix)ad.     W-775, 

(E)  Cha.<<.  y.  Scott. 
tors   v.q.    Shafting  and 
p.    intr>.   T">oc..   '11 

Line    Shaft    and    Individual    Motor 
Drive — .\.     G.     Popr-ke       T-2.     \V-21.'.0 
Vol     Vir    p    61.   Jnn      'in 

Classification  of  Motors  According 
to  Characteristics — J.  M.  Hippie.  An 
aid  to  Intolligont  application.  T-1. 
W-12':."      V..1.  vr.  V    4:is    .\-,c .  ■n'» 

Application  of  the  Auxiliary-Pole 
Type  of  Motor — J.  M.  Hippie  V-2 
I-l.  W-1500.    Vol.  Ill,  p.  348.  June, '08. 


Friction  Loss 
P.    971. 

Indu.strlal  Mo- 
Belts.      W-82.S, 


Auxiliary-Pole  Motors  and  High 
Speed  Steel — J.  M.  Barr  (E).  W-500. 
Vol.    Ill,  p.   301,   June.   '06. 

Examples  of  Multi-Speed  Induc- 
tion Motor  Drive — H.  C.  Specht. 
Steel  mill,  pump  and  blower,  and  rail- 
way applications.  D-4,  1-3,  VV-3000. 
Vol.   VI,   p.    731,    Dec,   '09. 

Small  Motor  Applications — Bernard 
Lester.  1-24,  W-2500.  Vol.  VIII,  p. 
177.  Feb..  "11. 

Notes  on  Application  of  Small  In- 
duction Motors  —  Bernard  Lester. 
Chart  for  determining  characteristics. 
C-2,  1-2,  \V-1250.  Vol.  IX,  p.  1027, 
Nov.,   -12. 

Drives,  Direct-Current  Systems  of 
Electric — ^^'.  A.  Dick.  D-7,  1-13,  W- 
2200.      Vol.  I,  p.  251.  June.  '04. 

Safeguarding  Motor-Driven  Appar- 
atus— 1).  C.  Pultney.  Description  of 
(Juard.s.  1-15,  W-2020.  Vol.  X,  p. 
5'n].  .luno.  'i:;. 

Flywheel  vs.  Motor  Capacity — S.  A. 
Fletcher  and   Chas.   R.    Riker.    Charts 
for  graphic  determination,  with  ana.U 
ysis    of    method.       C-2.    D-2,    W-3250 
Vol.    IX.   p.   270.   Mar.,   '12. 
Fly-"Wheel  Effect — Q.  B.  4CS. 
Dynamic  Braking — Henry  D.  James. 
Application,    advantages    and    limita- 
tions.     D-4,    1-3.   W-2100.      Vol.    VI,    p. 
241.   Apr.,   '09. 

Gear  Data  for  Motor  Applications 
C.  ^V".  Drake.  Graphic  chart  and  e.K- 
a.irple.  Practical        considerations. 

Formulas.      C-1,    W-1350.      Vol   IX,   p. 
552.  June,  '12. 

Mechanical  Considerations  —  C.  B, 
Mills.  In  connection  with  industrial 
motor  applications.  T-1,  C-2,  W- 
2275       Vol.   VT.    n.    281.   Mav.   '09. 

Analysis  of  Motor  Drive  by  Graph- 
to  Eecording  Meters — .\.  G.  Pop'ke. 
In^jirovements  in  machine  tool  oper- 
ation, saving  in  power  and  better- 
ment of  shop  organization  bv  this 
method.  C-2,  T-3,  W-2050.  Vol.  VI, 
p.    674.    Nov..    '09. 

Motor  Types — Q.    B.   528. 
Induction  Motor — Q.   B.   80 4. 

SPECIFIC   APPLICATIONS. 

<'.\rr;iiig.'d  .Mpli;il).>tic.il!v') 
Motor-Driven  Attrition  Mills  -J. 
K.  oinli.iuscn.  Power  roquin-ments. 
1-2.  \V-;»3n.  Vol.  X.  p.  254.  M.ir.,  'l.-?. 
Automobile  Engine  Testing  by 
Electric  Motors — A.  G.  Chapln.  Meth- 
ihI  nf  saving  and  applvlng  power  oth- 
erwise wa-^ted.  Advantages.  W- 
16.S0.      Vol.    IX.   p.    1023.   Nov..   '12. 

Electrical  Enuipment  for  Automo- 
biles ('.  1-  Wil.'ii.n.  Ignition.  IJiTht- 
Ing.  .«;tartlng.  CS,  D-1.  1-8,  ■V\'-3230. 
Vol.   X.   p.    1259.   Doo..  '13. 

(r.)  .\.  M'   rnpi.y.     ^^'-:.6n.  p  1:12. 

Motor   Drive    for   Biscuit   Fartorlea 

— V.      L       BLird       T-1.      1-7,      W-CIOO. 
Vol     VITT.    ]0]  1.    Vov  .   '11. 

Boring  MIU  Drive— J  H  Kllnck 
Combinations  of  ndju-^lnble  sp«»ed 
motor  nnd  speod  box  T-3.  T-4,  W- 
14T-        V<il     ^•TTT.   p     n:.   Fob..   '11. 

Portland  Cement  Industry — C  W. 
Drake  (  K).  W-751.  p.  4';.  Vol.  VIIT, 
Jon  .   M I 

Larire  Syncbronoas  Motors  for  Com- 
pressor Service  — G  P.  Bo.«;f>nblntt.  T- 
6.    \V-?I-.'i       V..1     IX     t.     l«;ri.    Mar..   '12. 

StPrtlror  — O     P.    .'^90 

Irdnrtlon      O.   R.    46«: 

Rvnchronons    -Q     B.    72f>. 

Direct  Current— Q.  B.  652. 
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Motor  Driven  l^ocomotlve  Cranes — 

L.  F.  Grant.  Data  on  Capacities.  T- 
1,  1-5,  W-1100.  Vol.  IX,  p.  264,  Mar.. 
•12. 

D.  C.  vs.  A.  C.  Cranes— Q.  B.  511. 

Conveyors — Q.    B.    794. 

Dredging  on  Puget  Sound — Allen 
E.  Ransom.  Application  of  induction 
motors  to  operation  of  hydraulic 
dredge  and  centrifugal  pumps.  D-1, 
1-9,  W-1425.      Vol.  VII,  p.  187,  Mar.,  '10. 

(E)   W.   A.   Thomas.      W-B25,   p.    181. 

Portable  Electric  vs.  Air  Drills — A. 

G.  Popcke.  Showing  economy  of 
former.  T-2,  €-1,  1-5,  W-1050.  Vol. 
IX,   p.   535,  June,   '12. 

Alternating'-Current  Motors  for  El- 
evator Service — A.  G.  PopcliC.  Selec- 
tion of  suitable  motor  by  means  of 
charts.  T-1,  C-2,  W-1500.  Vol.  VIII, 
p.   716,  Aug.,   '11. 

Altematin^f-Current  Elevator  Mo- 
tors— W.  H.  Patterson.  C-2,  1-4,  W- 
1525.     Vol.  VIII,  p.   154,  Feb.,  '11. 

Electric  Elevator  —  Henry  D. 
James.  1-8,  W-2800.  Vol.  I,  p.  187, 
May,  '04. 

Direct  Traction  Electric  Elevators 
— ^F.  Hymans.  Description  of  instal- 
lation in  Oliver  Building,  Pittsburgh, 
Pa.  D-3,  1-9,  W-5700.  Vol.  VIII,  p. 
509,  June,  '11. 

(E)   F.  E.  Town.     p.   486. 

Horse-Power  for — Q.  B.   403. 

Power  Requirements  of  Pans, 
Blowers  and  Exhausters — C.  "W. 
Drake.  Centrifugal,  propeller  and 
positive  pressure  blowers.  1-7,  W- 
2600.     Vol.  X,  p.  245,  Mar.,  '13. 

Fans  and  Blowers — ^Speed  Control 
Requirements — W.  E.  Thau.  C-6,  W- 
1125.     Vol.  IX,  p.  1019,  Nov.,  '12. 

Electric  Pans — H.  M.  Scheibe.  Points 
to  be  considered  in  .seleotion  from 
commercial  types.  W-1550.  Vol.  IX, 
p.  715,  Aug.,  '12. 

Consumption — Q.   B.    502. 

The  Small  Motor  in  the  Home — . 
James  C.  Munn.  Practical  applica- 
tions of  small  stock  motors.  1-15, 
W-32.S5.     Vol.  X.  p.   257,  Mar.,  '13. 

Induction  Motor  Drive  for  Ice 
Cream  Plant — C.  H.  McCullough.  Use 
of  central  station  power.  Costs.  I- 
7,  W-2300.     Vol.  IX,  p.  233,  Mar.  '12. 

Electric  Power  for  Irrigation — W. 
H.  Bullock.  Four  systems  used  in 
Colorado.  T-1,  1-5,  W-2875.  Vol.  IX, 
p.   224,   Mar.,   '12. 

Irrigation  by  Electric  Power — Allen 
E.  Ransom.  Discussion  of  various 
methods.  1-5.  W-2050.  Vol.  VIII,  p. 
121,  Feb..  '11. 

Motor  Otierated  Engine  and  Car 
Wheel  lathes — J.  H.  Klinck.  Fea- 
tures of  motor  drive.  Suitability  of 
magnet  switch  control.  Dynamic 
braking.  D-1,  1-4,  W-1550.  Vol.  VII. 
p.    47S.   June.  '10 

Motor  Operated  Boll  Lathes — E.  M. 
Wise.  Economy  of  Motor  Drive. 
Power  requirements.  1-3,  W-1125. 
Vol.  IX,  p.  645,  July.  '12. 

Motor  Drive  In  laundries — R.  D. 
Nye.  Description  of  a  tyical  laundry 
equipped  with  electric  motor  drive. 
I-f!.  TV-IROn      Vol.  VTII   n.  IRn    Fpb..'11. 

Electricity  in  New  York  Public  Iii- 
brary — M.  C.  Turpin.  1-6,  W-2375. 
Vol.   IX,  p.  109,  Feb.,  '12. 

Electrical  Operation  of  lift  Bridsres 
— R.  W.  Eaton.  Equipment  on  New 
Haven  Railroad.  1-4,  W-1500.  Vol. 
IX,  p.   241,  Mar.,  '12. 


Electric  Logging — Wirt  S.  Scott. 
Present  practice  throughout  the 
Northwest.  T-1,  D-1,  1-8,  W^-3570. 
Vol.  X,  p.   346,   Sept.,  '13. 

Electricity  in  Iiumberlng  In  the 
Northwest — A.  A.  Miller.  (E.)  W- 
1100.      Vol.  VII,  p.   589,  Aug.,  '10 

Lumbering  by  Electricity  in  the 
Northwest — Ira  E.  Church.  T-1,  I-ll, 
W-2905.     Vol.  X,  p.   215,  Mar.,  '13. 

Steam  Engine  vs.  Motor  Drive  tor 
Small  Machine  Shops — A.  G.  Popcke. 
Economy  and  other  advantages  of 
motor  drive  In  power  buildings  op- 
erated by  owner  and  In  shops  oper- 
ated bv  tenants.  Operating  costs.  T- 
2,  W-2125.    Vol.  VII,  p.  624,  Aug.,  '10. 

Application  of  Motors  to  Machln* 
Tools — J.  M.  Barr.  C-1,  1-3,  W-1400. 
Vol.    II,   p.    11.   Jan..  'OR 

Cost  of  Operating  Machine  Tools — 
A.  G.  Popcke.  Fixed  charges;  varia- 
ble charges;  salaries;  interest  and 
depreciation.  T-1,  C-1,  W-1452.  Vol. 
VI.  p.   757,   Dec.  '09. 

Power  in  Bituminous  Coal  Mining 
— A.  E.  Rickards.  An  analyses  of  the 
power  situation.  T-4.  C-2,  1-3,  W- 
2375.     Vol.  X,  p.  1114,  Nov.,  '13. 

(B)  F.  J.  Foley.     W-665,  p  1101. 

Ventilation  of  Bituminous  Mines — 
G.  W.  Hamilton.  Calculating  power 
requirements  of  fan.  D-1,  W-1250. 
Vol.  IX,  p.  1032,  Nov.,  '12. 

Electricity  in  Mining — F.  C.  Al- 
brecht.  Application  of  electricity  to 
various  phases  of  operation.  W- 
2350.     Vol.  VI,  p.  Rn2,  Aug.,  '09. 

CE)    W-475,  p.    262. 

Mine  Equipment — Q.  B.   945. 

Electrical  Applications  in  Mining 
Work — C.  V.  Allen.  Mining  methods 
In  Mexico.  1-13,  W-6775.  Vol.  VII, 
p.  46.  Jan..  '10. 

(E.)      W-750,  p.   14. 

Operation  of  Mine  Hoists — C.  V. 
Allen.  Analysis,  by  means  of  tests 
on  a  specific  Installation,  of  method 
of  operating  fluctuating  hoist  load 
with  uniform  load  on  power  house. 
C-5,  1-6,  W-2675.  Vol.  VI,  p.  327. 
June.   '09. 

(E)   W.  A.  Dick.      W-450,   p.   324. 

Hoists— Q.  B.  324,  912. 

Hoisting  in  South  African  Gold 
Mines — A.  W.  Brown.  Details  of  con- 
trol. C-2,  D-1,  I-ll,  W-2025.  Vol.  IX, 
p.  253,  Mar.,  '12. 

Electrical  Features  of  an  Up-to- 
date  Newspaper  Plant — L.  B.  Breed. 
Description  of  equipment  of  "The 
Pittsburgh  Press."  (See  article,  "Ma- 
trix Driers,"  p.  619.)  T-1.  C-2.  D-1, 
1-5    W-4625.    Vol.  VIII,  p.  596,  July,  '11. 

(E)   H.  N.  Muller.      p.   594. 

Electric  Drive  for  Oil  Wells — W.  F. 
Patton.  D-2.  1-5,  W-6100.  Vol.  VIII, 
p.  357.  Apr..  '11. 

Industrial  Motors  for  Panama  Canal 
Construction — P.  C.  Hanker.  1-6,  W- 
2325.     Vol.  TX.  p.   199,  Mar.,  '12. 

(E)  W.  K.  Dunlap.     W-300.     p.   184. 

Paper  Macliines  with  Motor  Drive 
C.  W.  Drake.  1-6.  W-2700.  Vol.  VHI, 
p.    128.   Feb..   '11 

Synchronous  Motor — O.  B.  827. 

Motor  Driven  Piano  Factory — W.  J. 
Kyle.  Menns  of  effeotinr  economy  In 
wood  working  plants.  T-1,  T-4,  W- 
1875.     Vol.   TX,  p.    516,   June.   '12. 

Motor    Drive    in    Pottery    and    Tile 
Manufactories — A.    E.    Rickards.      An- 
parati"5    and    manufacturing   meth'^d'?. 
T-R.   W-2813.     Vol.   VIII.   p.    168,   Feb., 
'11. 
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Printing-  Press — Q.   B.   172,  741. 
Pulp   Mill      ij.    R.    S27. 

Motor-Driven  Centrifngral  Pomps — 
E.  i".  \\;i.\ii.-.  l'um|)  cliar.ictcTistics. 
Power  requirenieiiis.  C-2,  1-5.  W- 
2590.  Vol.  X,  p.  22s,  Mar.,  '13. 
Type  of  Pump — (.j.  \i.  S14. 
Motors  for  Srivlnsr  Main  Bolls  of 
■teel  Mills — iJrent  Wiley.  Discus- 
sion of  economies  and  refinements 
made  p^jssible  through  use  of  electric 
drive.  C-2,  D-6,  1-3.  \V-2350.  Vol. 
VIII,    p.    14-1,    Feb..   '11. 

Tlis  RoU  Motors  of  an  Electrically 
Op«rat«d  mail  MIU— B.  Wiley.  A  de- 
scription of  rail  mill  No.  3,  Edgar 
Thompson  Steel  Works.  D-4.  1-2,  W- 
1600.  Vol.  III.  p.  466,  Aug.,  '06. 
(E)  C.  S.  Cook.      W-600.  p.   421. 

Power  BeqtilrementB  of  Steel  Tube 
Mill — A.  *i.  Ahrens.  Service  require- 
ments of  motors  for  electric  drive. 
C-7.  D-3,  I-lO.  W-2850.  Vol.  VIII.  p. 
1051,  Dec.  '11. 

Some  Phases  of  Electric  Power  In 
Steel  Mills — Ch.is.  F.  Scott.  Remov- 
al of  limitations;  cost  of  power  and 
of  motors;  selection  of  motors;  use 
of  alternating-current;  power-factor. 
W-3700.      Vol.   VI.   p.    722.   Dec.    '09. 

Iron     and     fttseu     Mills — Eanallzer 
Systems — W.    Kd^rir    Keed.      C-1.    Ul 
W-21.-,0,      Vol.    IV.  p.   r.<;-,.   r>fc     '07 

Electric  Drive  of  BoUlng  IVlill — Illi- 
nois Steel  Company — W  a  Dick  D- 
2,1-11,    \V-2850.      Vol.  V,  p.  GG,  Feb.. '08. 

(E)   B    Wiley.      W-850.  p.  61 

Special  Commutator — Q  B.   64. 

Steam  vs.  Electric — Q.   B.   485. 

Hlagara  Power  at  th«  Iiackaw&nna 
■t*«l       Company — John       C.       Parker. 
D-J.  1-2,  W-;;42o.      Vol.   IV,  p.   32,  Jan., 
0  I . 

Electrically  Operated  Shovels — w. 
H.  Patterson.  Description  of  equip- 
ments, method  of  control,  operating 
costs  showing  advantages  of  motor 
operation.  T-1,  D-1,  I-5,  W-1525. 
Vol.  VTI.  p.   853,   Nov..  '10. 

Motor  Drive  for  Stone  Quarries  and 
Crushers — P.  X.  Harrison.  T-3,  I-G. 
W-2S.-0.     Vol.   IX,  p.   496.     June,  '12. 

Use  of  Motor  Drive  In  Vermont 
Marble  Quarry— H.  C.  Pratt.  T-G.  W- 
12nn.     Vol.    IX,  p.   247,   Mnr.,  '12 

(K)   K.  r.  Itandall.     W-575,  p.  187. 

The  Beet  Sngrar  Industry — Wirt  f?. 
Scott.  Types  of  maehlnorv.  Power 
requirfment.s.  T-3.  C-4.  1-8.  W-4250. 
Vol.   X,   p.   1150,  Nov.,  '13. 

(K)    H.   W.   Cope.      W-3fiO.  p.    1097. 

Electric  Power  for  Tanneries — J.  M. 

Tomb.       Di'talls    nf    I'r ss.       Pse    of 

motor  drlv*>  and  eleotrlc  Irons.  Data 
on  motor  reqniremont.s.  "T-l.  T-7  W- 
197.     Vol.    IX.  p.   1010.  Nov.,  '12. 

Motor    Applications    in    the    Textile 
Indn»try— Albert   Walton.      Review  of 
operating    condltlnn.s.        Investigation 
of     individual     drive.     T-10.     W-1925 
Vol.  VIII,  p.  238,  Mar.,  '11. 


Hydro-Extractors  in  Textile  Mills 

Albert  Walton.  Methods  of  operation- 
advanuges  of  electric  drive.  I-2  W- 
1425.      Vol.  VIIl,   p.   707,  Aug.,  '11 

Textile  Type  Motors — Albert  Wal- 
ton. 1-5,  W-2550.  Vol.  VII.  p.  888, 
Nov.,    '10. 

(E.)      W-525,   p.    849. 

Electrically  Operated  Turn  Tables 
— E.  C.  Wayne.  l'..WL-r  Ri-iiuirenicni.s. 
Cost  data,  showing  advantage  of  mo- 
tor over  hand  operation.    C-2,  1-6    W- 

IS.'iO.       Yn],     \-II,    p      ;,(;.■.      Dec.,    '1(1 

Tbe  Electric  Vehicle  —  Hayden 
Eames.  T-l,  T-2,  W-3800.  Vol.  HI. 
p.  280.  May.  '06. 

(E)    Chas.   F.   Scott.      W-440,   p.    241. 

Power  Analysis  of  a  Veneer  Plant 
— C.  \V.  L>rakf.  Motor  Requirements. 
T-l,  C-2,  1-2,  W-1055.  Vol.  X.  p.  576, 
June,   '13. 

Electric  Drive  for  Water  Works  in 
Bural    Districts — H.     W      ;'mith       I-" 
W-20(iO.      Vol.    VIII.    p.    701.   Aug,   '11.' 

Welding-— Q.    B.    248.    551.    757.    802. 

Wood-Drying- — Q.   B.    1004. 
Wood-Working- — Q.  B.  34. 

Heating    Apparatus 

Electrically  Heated  Matrix  Driers — 
Frank  Thornton,  Jr.  (See  ed.,  p.  595.) 
C-1,  I-l.  W-1100.  Vol.  VIII,  p.  619, 
July,   '11. 

Heating  Powder  Houses  by  Elec- 
tricity— W.  o.  I'eale.  Apparatus  and 
application.  1-3,  W-630.  Vol.  X.  p. 
276.  Mar,  '13. 

Construction  of  Electrical  Heaters 
-  H.   (I.   Swobo<]a.      The  joulean  elT'X-t. 
KU-c-tric    arc.      Electric    spark.      Elec- 
trolytic effect.     1-13,  W-2840.     Vol.  X, 
p.    .T47.    Apr..    '13. 

Materials  Used  In  Electrical  Heat- 
ers— 11.  o.  Sw.iboda-  Electrical  cn- 
ductors.  Thermal  conductors.  Eler- 
trionl  and  thermal  Insul.ators.  T-3, 
w-mr;.-..     V-l    X.  p    cm.  May,  '13. 

Material  for  Bepalrs— Q    B.  699 

Electric  Heatlng^ — H.  O.  Swobo<la. 
Efnoiency.  Cost.  T-2,  W-2040.  Vol. 
X.   i>    g:<^   July.   '^T. 

Efficiency  of  Badlators — Q.    B.    359. 

Calculations-  <.•     IJ.   5S0. 

Heat  Equivalent — -Q.  B.   808. 

Alapnets 

A  Chart  for  Use  In  Magnet  Desiirii' 
Ing — I.  K.  Howard.  D-1,  W-1200. 
Vol.    ni.    p.    408.   July.   '06. 

Solenoids — O    B.   270. 

Aifcinsr      I.)     IV    -JS7. 

Parallel  Operation — Q.   B.   2S9. 

Eloctro-Mairnets     n.   B.   3S5. 

Influence  of  Position— Q.   B.   417. 

Bemagnetlzing     t.>     H.    43.S.    1003. 

Brass  Extension  Bod — Q.   B.  784. 

Demacrnctlzing      '.•    H.  310.  623. 

Non-Magnetic   Watch — Q.    B.    218. 


Telegraphy 
Wireless     Telegrraphy.     The     Statns 

of — S.      M.     Kinfn.T.        D-:,     W-     1700. 
Vol.   I,   p.   270.  June,  '04. 

Badio-telesrraphy — S.  M.  KIntnor 
DI.<?cusslon  of  pro.<jent  prartlre.  P-2. 
II.  W-5915.      Vol.   X.  p.   SI  7.  Sept.,     13. 
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Telephony 


Joint  Telephone  and  TeIegT«ph 
Service — H.  s'  U'arren  Siriii!-  \. 
ronipo.olte  and  phantom  rlrrult,"».  D-6. 
W-I.'.27.      Vol     X.    p     S33.   Sept..   '15. 

iK-*   P.   >f     r.'-i  ••'.■■.      w-T-i-..   p    \in. 

Line  on  Power  Itiae  Poise—  Allaa 
E.  Ransom.  W-300.  Vol.  II.  p.  681. 
Nov..  '06. 
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Telephone  and  Power  Clrcalts  ob 
Same  Poles — G.  W.  Appier.  D-1,  W- 
100.     Vol.  II,  p.   578,   Sept.,  '05. 

Telephone,     The     Moaem  —  S.     P. 

Grace.     D-4,   1-12,   ■W-4000.     Vol.   I,   p. 
317,  July,   '04. 

Telephone  Engineeringr  —  Chas.  F. 
Scott  (B.)  W-600.  Vol.  Ill,  p.  123, 
Mar.,  '06. 


Relays — Q.   B.   238. 
Ringing  Circuit — Q  B.   224. 
Induction — Q.   B.   242. 
Transportation — Q.   B.    811. 
use  of  Condenser — Q.  B.  434. 
Cable — Q.  B.   609. 

Recording  Conversations — Q.  B.  755. 
Train  Dispatching — Q.  B.  855. 


RAILWAY  ENGINEERING 


GENERAL 


Electrification  of  Railways — George 

Westinghouse.  Imperative  need  for 
universal  system.  Comparison  of 
systems  of  railvi^ay  electrification. 
T-1,  D-12,  W-6600.  Vol.  VII,  p.  506, 
July.  '10. 

Data  on  Electric  Railways  (Appen- 
dix to  paper  by  Mr.  George  Westing- 
house,  p.  506,  July,  '10).  T-7,  W-1450. 
Vol.  VII,  p.   650,  Aug.,  '10. 

Electricity  on  Railroads  —  E.  M. 
Herr.  Advantages.  EKeot  of  concen- 
trating production  of  power.  W-2800. 
Vol.  IX,  p.  806,  Oct.,  '12. 

General  Railway  Electrification — 
L.  A.  Osborne.  (E.)  W-S75.  Vol. 
X,    p.    905,   Oct.,   '13. 

Electric  Railway  Properties  and 
the  Public — Calvert  Townley.  Finan- 
cial considerations.  W-2500.  Vol.  X, 
p.   931,  Oct.,  '13. 

Financial  Aspect  of  Railroad  Elec- 
trification— F.  Darlington.  T-1,  W- 
3900.     Vol.  VII,  p.   145,  Feb.,  '10. 

t'E)  N.  W.   Storer.      W-S25.  p.   96. 

Electric  Power  on  Steam  Roads — 
F.  Darlington.  Underlying  reasons 
for  electrification.  T-1,  W-3625.  Vol. 
VI,  p.  518,  Sept.,  '09. 

(E)  N.  W.  Storer.     "W-450,  p.   513. 

Why  Steam  Railroads  are  Electri- 
fying— W.  R.  Stinemetz.  Comparison 
of  steam  and  electric  locomotives  for 
terminals,  tunnels,  grades  and  main 
lines.  1-3,  T-1,  W-2460.  Vol.  X,  p. 
949,    Oct.,    '13. 

Seavy  Railway  Service — Altemat- 
Ingf-Cnrrent  in — B.  G.  Lamme.  Gen- 
eral considerations  of  single-phase 
eystem  and  comparison  with  direct- 
current  system  with  sub-stations. 
W-8600.    VoL  III,  p.   97,  Feb.,  '06. 

CE)   F.  H    Shenard.      W-800,  p.   61. 

Trunk  Line  Electrification — N.  "W. 
Storer.  Features  of  design  of  equip- 
ment to  meet  specific  service  require- 
ments. Choice  of  system.  W-2400. 
Vol.  IX,  p.  1086,  Dec.  '12. 

Heavy  Electric  Traction — C.  S. 
Cook.  (E.)  W-535.  Vol.  X,  p.  909, 
Oct.,    '13. 

Heavy  Electrification  Tendencies — 
W.  S.  Murray.  Power  house.  Trans- 
mission. Rolling  stock.  ■W-2350.  Vol. 
X,  p.   925,  Oct..  '13. 

Electric  Power  for  Railroad  Oper- 
ation— P.  Darlington.  C-2,  W-3900. 
Vol.  VIL  p.  714.  Sept.,  '10. 

Changes  in  Electric  Railway  Field 
— N.  W.  Storer  (E).  W-900,  p.  39. 
Vol.  VIII,  Jan.,  '11 

Progress  in  Railway  Development 
— N.  W.  Stover.  (E.)  W-860.  Vol. 
X,  p.   907,  Oct..  "13. 

Recent  Improvements  in  Railway 
Apparatus — N.  W.  Storer  (E).  W- 
2125.      Vol.   VITI,   p.    S17.   Oct..   '11. 

Recent  Electric  Railway  Progress 
— N.  W.  Storer  (E).  W-900.  Vol.  IX., 
p.  801,  Oct.,  '12. 


Electric      Railway      Engineering — 

Chas.  F.  Scott.  (E.)  Solving  Prob- 
lems.   W-250.    Vol.  Ill,   p.  5,  Jan.,   '06. 

Economies  in  Railway  Operation — 
F.  E.  Wynne.  Factors  in  design  of 
equipments  affecting  the  initial  and 
operating  costs.  T-4,  C-10,  W-4825. 
Vol.  IX,  p.   877,  Oct.,  "12. 

Operating  Organization  on  Harri- 
m.an  Iiines — New  plan  designed  to  in- 
crease efficiency  and  effectiveness  of 
individual    employees.     W-2450.     Vol. 

VI,  p.   150.  Mar.,  '09. 

(E)  H.  L.  Kirker.     W-300,  p.   131. 
Railway    Electrification    In    Europe 
— Chas.  F.  Scott.    (E.)     W-1400.     Vol. 

VII,  p.  746,  Oct..  '10. 
Three-Phase  Railways  in  Europe — 

Rudolfh  E.  Hellmund.  1-13,  W-5950. 
Vol.  VII,  pp.  359,  484,  May,  June,  '10. 

(E)    B.  A.   Behrend.     W-650,   p.    338. 

Characteristic  Features  of  Ameri- 
can and  European  Railway  Practice — 
Chas.  O.  Collett.  Observations  and 
notes.  T-1,  W-5800.  Vol.  VIII,  p. 
56,  Jan.,  '11. 

Electrification  of  Trunk  Lines  in 
Europe — R.  E.  Hellmund.  Germany, 
Switzerland,  Italy,  France.  1-8,  W- 
5770.     Vol.  X,  p.  981,  Oct.,  '13. 

Railway  Location  and  Construc- 
tion— H.  E.  Wagner.  Purposes  and 
requirements  of  preliminary  survey. 
Construction  of  curves;  super-eleva- 
tion; turnouts;  cross-covers.  T-3, 
D-5,  W-1700.    Vol.  V,  p.  108,  Feb.,  '08. 

Accnxacy  of  Engineering  Calcula- 
tions'—  Malcolm  MacLaren,  Oom- 
parison  of  preliminary  calculations 
and  results  obtained  in  service.  C-3, 
W-1  000.      Vol.    V,    p.    212,    Apr..    '08. 

Reinforced  Concrete  Railway 
Bridges — F.  W.  Scheidenhelm.  D-1. 
1-6,  W-975.     Vol.  VII,  p.  108,  Feb.,  '10. 

Single-Phase  va  Direct  -  Current 
Railway  Operation  —  Malcolm  Mac- 
Laren.  W-2600.  Vol.  IV,  p.  461,  Aug. 
•07. 

Direct-Current  1500  Volt  Equip- 
ments—L.  G.  Riley.  D-3,  I-l,  W-1 150. 
Vol.  VIII,  p.   890,   Oct.,  '11. 

Success  of  Electric  Roads  in  Indi- 
ana— T-1,  W-1050.  Vol.  IV,  p.  624, 
Nov.  '07. 

(E)   F.  Darlington.     W-1100,  p.   601. 

Effects  of  Changes  In  Operating' 
Conditions — F.  E.  Wynne.  Accelera- 
tion, length  of  run.  braking  rates, 
gear  ratio.  C-12,  W-2200.  Vol.  III. 
p.   369,  July.  '06. 

City  Traffic  as  Affected  hy  Train 
Control  —  Calvert  Townley.  W-400. 
Vol.   I.   p.   530,  Oct..  '04. 

Trailer  Operation  vs.  Multiple-Unit 
Trains — Clarence  Renshaw.  CSee  erl., 
p.  819.)  C-7,  1-4,  W-2350.  Vol.  VIIL 
p.    S9.^i,    Oct..    '11. 

Miiltinle-Unit  Operation  of  City 
Cars — C.  Renslmw.  (E.)  W-530.  Vol. 
X,  p.   913,  Oct.,  '13. 
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Train  Operation  in  City  Service — 
F.  AI.  l^uud.  Itcsulls  obtained  at 
Newark.  N.  J.  C-1,  1-5,  W-2:;55.  Vol. 
X.  p.  y53,  Oct.,  '13. 

(K)   C.   Rensliaw.     W-530,  p.   913. 

Multiple  Operation  of  Cars  Oeared 
for  Ditterent  Speeds — -W.  li.  Stine- 
iiictz.  W'liy  tile  liiKher  geureU  motors 
are  over-loaded.  T-1,  C-3,  \V-1800. 
Vol,   IX,   p.   1(12,   Oct.,  '12. 

Cost  of  Stops  tor  Heavy  Hlgfli  Speed 
Interurban  Cars — F.  Darlinj,'t"n.     (K.) 

u'-r.::..     \ui.  \ii,  p.  l'.'.s,  Apr.,  uo. 

^ow-Tension  Sistribntlng  System 
— F.  E.  Wynne.  Track;  third  rail, 
and  trolley  and  feeder  calculations. 
C-7,  \V-4  900.     Vol.    V,    p.   5S0,   Oct..  '08. 

Sub-Stations,  Hlg-b-Tension  Iiin»s 
and  Power  Houses— F.  E.  Wynne. 
T-:i.  W-n::..  \'ol.  v.  p.  647,  Nov.,  '08. 

Constants  of  Circuits — A.  W.  Cop- 
ley. T-4,  W-6425.  Vol.  V,  p.  631, 
Nov..  'US. 

(K)    Cha.s.    F.   Scott.     W-gOO,   p.    613. 

Train  Performance — W.  S.  Valen- 
tine.     Construction   and    use   of    tem- 


plet for  rapid  Investigation  by  graph- 
ical method.  Example.  lJ-2,  W- 
1  400.      Vol.   V,  p.   104.  Feb..  '08. 

Arrangexaent    of    Train    Sheets — E. 

P.  Hob..-it.s  (!•:>.  W-ll(iO.  Vol.  V,  p. 
GbO.   Dec,   'US. 

What  Grades  Mean  )n  £lectria 
Traction — William  Cooper  (Ej.  W- 
625.      Vol.   VI,  p.   389.  July,  "09. 

The  English  Board  of  Trade — C.  8. 
Powell  (i:;.  W-tJuU.  \'ol.  Ill,  p.  665. 
Dec,     06. 

Starting    a   Iiarga  Railway    Berries 

— n.  D.  Wilson  (E).  W-400.  Vol. 
Ill,   p.    301,   June,   '06. 

Testing     Electric     Railway     Track 

Circuits — Leonard  Work.  D-2,  T-1, 
W-1150.      \'ol.   \'I1I,  p.  107,  Jan.,  '11. 

Magnetic  Switches — Q.  B.  117. 

Electrolysis—  i).    i:.    106. 

Current  and  Voltage — Q.  B.  186,  415. 

Books — (J.   }',.   ',:,". 

Cost  of  Construction — Q.   B.   44. 

Welded  Rails — Q.   B.   412. 
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Systems  of  Railway  Electrification 
— N.  W.  Storer  (K).  W-lUUO.  Vol. 
VII,  p.   423,  June,  '10. 

IfOng  Island  Railroad  Electrifica- 
tion— O.  S.  Lvfcird,  Jr.  General  out- 
line.   W-1500.    Vol.   Ill,  p.  29.  Jan.,  '06. 

The  Piedmont  and  Northern  Iilnes 
— H.  D.  Murdock.  1500  volt,  direct- 
current  system  In  SouUiern  Power 
Company's  district.  D-4,  I-IO,  W- 
2600.      Vol.    IX.   p.   813.   Oct..   '12. 

The  Oakland,  Antioch  &  Eastern 
Railway — C.  E.  Helso  and  fl.  B.  Kirk- 
<r.  I  ><  scription  of  line.  Equipment. 
1-8,  T-1,  W-2535.  Vol.  X,  p.  016, 
Oct.,  '13. 

Inaugurating  Electrle  Serrloe  la 
the  Mersey  Tunnel  — H.  L.  Kirker. 
I-l.    W-2200.      Vol.    Ill,  p.  259,  May, '06. 

Inaugurating  Electric  Berrioe  on 
the  MetropoUtan  RaUway  —  H.  L. 
IClrker.  W-1&5.  Vol.  III.  p.  ttO, 
Jun«.  'nc 

Greatest  Railroad  Work  In  History 
— F.  11.  Sliep.ird  (E).  W-775,  p.  29. 
Vol.  VIII,  Jan.,  '11. 

Single-Phase 

What  the  Single-Phase  System 
Really  I8--I;.  <\.  I.  mini.'.  (D)  W- 
•'-"        \'    '     X,    I>.    !Mi>.    (  (rt.,   '13. 

Distinctive  Peatores  of  Design 
and  Operation  —  Clarence  Ren-^hnw. 
D-1,  1-9.  W-5  650.  Vol.  V.  p.  684. 
Dec.    'OS. 

(VA   W-l.^n.  p.   f,<;3. 

Choice  of  Frequency — Ohas.  F. 
Rrott  (E).  W-700.  Vol.  IV,  p.  124. 
Mnr..  '07. 

■Ingle  -  Phase  Installations  In 
AmcHca  .M.  X.  H:  ik<iii.  r.>.  Tab!**, 
.s-uniniary.  T-2.  W-375.  Vol.  V,  p 
102.   F.'h  .  '08. 

(K)   M.   MarTjir«»n       W-fi50    p    K3 

Single-Phase  Railway  System — 
Oi:i.«.  F.  Scott.  W-ISOO.  Vol  n.  p. 
6S0.  Oct..  '05. 

W-2nftO.      Vol.    TL   p.    404.   Jiilv.    '0.-. 

Single-Phase  Railway  Bystem  — 
Westlnghonse  t'larence    Ren«'ii»w 

C-l,    n-7.    1-3.   W-BOOO.      Vol.    I,   V     1«l 
Apr.   '04. 

Distribntlng  Systems— Q.  B  5J3. 
550. 


Power  Regeneration — Q.  B.  783. 
Hoosac     Tunnel    Electrification — H. 

K.  Hardtastle.  (.See  ed..  p.  S20.)  D-4. 
1-S,  \V-4223.      Vol.  VIll,  p.  630,  ()it.,  '11. 

Single-Phase  Electrifications — How 
Haven     and     Samia     Tunnel — B.      O. 

Laniiiio.  I-G,  A\'-7him».  \',,i.  HI,  p.  137. 
Apr..     06. 

Hew  Haven  Electrification — Some 
Comments  on  the  Proposed  Plans. 
W-1300.      Vol.   III.  p.   380.   July,   '06. 

New     Haven     Extensions  —  B.     Q. 

Lamme  (!•:).  .-VrinMuiicMiiu-nt  "t  plans. 
W-600.      Vol.   l.X,  p.   10,-,,   F»>1>.     ii;. 

Progress  on  New  Haven  Electrifica- 
Uon,  1912.  T-1,  D-1,  W-200.  Vol.  IX, 
p.   876,   Oct..   '12. 

New  'S'ork,  Westchester  and  Boston 
Railway — N'ew  1  1  (mhi  \nlt  inte.rurlmn 
r  lad  witli  multiple  unit  operation  of 
cars.  Service.  Riglit-of-way.  Struc- 
tures. Overhead  construction.  Roll- 
ing stock.  I-ll,  W-5750.  Vol.  IX,  p. 
833.  Oct..  '12. 

The  Norfolk  &  Western  Electrifica- 
tion -I'',  F.  li'ihrer.  Conditions  nf 
operation.  EquipmJMit.  1-3.  T-1.  W- 
1530.      Vol.   X.  p.   037.  Oct.,  '13. 

Pittsburg     8t     Butler     Railway  —  L 

ir.   KIdd.r.      I>-2,    I-s.   w-r V-1     V, 

p.    IL''".    .\I,ir..   'n^. 

Rock  Island  ft  Southern  Single- 
Phase  Electrification — L.  G.  U'.ley. 
(i^oi^  K.  p.  741.)  D-4.  1-8.  W-2550. 
V(d.   VIT,   p.    7S7,  Oct.,  '10. 

St.  Clair  Tunnel  Electrification — 
H.  L  Kirker.  CI.  D-1.  1-.'..  W-C.iO. 
Vol.    V.    p.    .-ir.4.   Oct  .    'OS 

The  Spokane  H  Inland  Single- 
Phase  Railway — J.  B.  IngerxoH. 
D-1.  1-n.  W-2ono.  Vol.  HI.  p.  429, 
Auk-..    '06. 

(E)    A.   IT.   McTntlre.     W-850.   p.   4J1. 

Engineering  fenturo.t  of  ronstruc- 
fl<in.  equipment,  r-illlng  stock,  power 
supply  nnd  operaf Ion— G.  B.  Kirker 
and  L.  S.  H.Tskln.  D-l.  T-8,  W-3126. 
Vol     VIIT     p    S.-s,   Oct  ,  '11. 

The  Vallejo,  Benlca  and  Napa  Val- 
ley Railway  (^,ei>re«»  T  H'^<1rlck. 
W-7.'ar      Vol.    III.   jv   fir.7.   Nov..  '06. 

Poreign  Single  -  Phase  Roads — 
Table.  Vol.  V.  p  .'■.79.  Oct  .  '08.  (See 
(E).  J.  Edgar  Miller,  p.  561.) 
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A  Swiss  5000  Volt,  Siug'le-Fhase 
Boad — S.  Q.  Hayes.  Connecting  Lo- 
carno, Pontebrolla  and  Bignasco.  D- 
B,  1-5,  W-2025.  Vol.  VIII,  p.  802, 
Sept.,  '11. 


Slngrle-Phass  Ballway — The    ClTita 

Castellana — W.  R.  Stinemetz.    1-3,  W- 
1250.     Vol.  Ill,  p.  218,  Apr..  '06. 


CARS  AND  LOCOnOTIVES 


Pennsylvania  Xiocomotives  —  Field 
of  Operation — H.  L..  Kirker.  De- 
scription of  new  electric  engines,  new 
terminal  station.  New  Yoric  City, 
tunnels,  power  station  and  car  equip- 
ments. D-5.  1-7,  W-3100.  Vol.  VII, 
p.   668,   Sept.,  '10. 

(E)  E.  M.  Herr.     W-625,  p.  665. 

New  Ijocomotives  for  New  Haven 
Ballroad — N.  W.  Storer.  Details  of 
four-motor,  geared,  two-truck  loco- 
motive. 1-5,  W-1300.  Vol.  VII,  p. 
114,    Feb..    '10. 

St.  Clair  Tunnel  locomotives — ^L. 
M.  Aspinwall  and  G.  Briarht.  C-2,  I-S', 
W-1800.     Vol.  V,  p.  567,  Oct.,  '08. 

(E)  J.  Edgar  Miller.    W-1075,  p.  551. 

Interurljan  Electric  locomotives — 
D.  Ackerson.  High  speed  vs.  low 
speed  motors.  T-5,  C-2,  1-7,  W-3205. 
Vol.   X,  p.   1061,  Oct.,  '13. 

Selection  of  Electric  locomotives 
— L.  M.  Aspinwall.  Switching.  In- 
terurban.  Main  line.  I-.4,  W-2250. 
Vol.  X,  p.   99S,  Oct.,  '13. 

Notes  on  locomotive  Construction 
— L.  M.  Aspinwall.  Preliminary  lay- 
outs. V^-S50.  Vol.  VIII,  p.  960, 
Oct.,   '11. 

Mecbanlcal  Features  of  locomo- 
tives— G.  M.  Eaton.  Characteristics 
desired.  Reliability.  Scotch  yoke. 
Brake  rigging.  "W-2975.  Vol.  VII,  p. 
779,    Oct..   '10. 

Center  of  Gravity — Q.  B.  651. 

Weig'Iit  Equalization  on  locomotive 
Wheels — G.  M.  Eaton.  D-20,  V\A-2075. 
Vol.  VII,  p.  943,  Dec,  '10. 

Weig-ht  Transfer  in  Electric  Cars 
and  locomotives — G.  M.  Baton.  I-l, 
W-2400.     Vol.  VIII,  p.   257,  Mar.,  '11. 

Belation  of  "Wlieel  Base  to  Radius 
of  Minimum  Curve — Graham  Bright. 
C1-,  W-200.   Vol.  VIII,  p.  1032,  Nov.,  '11. 

Photographic  Recording  Meter — 
L.  M.  Aspinwall.  For  locomotive 
testing.  C-2,  1-4,  W^-1250.  Vol.  VII, 
p.    797,   Oct.,   '10. 

Operation  of  Electric  Cars — F.  E. 
Wynne.  General  principles.  Series 
vs.  shunt  motors.  D-8,  W-4300.  Vol. 
Ill,  p.  7,  Jan..  '06. 

The    Gasoline-Electric    Automotrice 

— Francis  E.  Drake.  Development  of 
independent  electric  car.  European 
practice.  Description  of  American 
unit.  T-1,  D-1,  1-7,  W-1920.  Vol.  X, 
p.  53,  Jan.,  '13. 

Gasoline  Motor  Cars — ^F.  Darling- 
ton. (E).  W-550.  Vol.  VII,  p.  427, 
June,  '10. 

Electric  locomotive  Design — A.  C. 
Kelly  (E).  W-850.  Vol.  VI,  p.  260, 
May,  '09. 

New  Spring  Drive  for  Electric  lo- 
comotives— J.  E.  Webster.  Applied 
to  latest  New  Haven  engines.  Me- 
chajiical  details  of  these  machines. 
C-1,  1-8,  W-1600.  Vol.  IX,  p.  852,  Oct., 
•12. 

locomotives  vs.  Motor  Cars — C.  F. 
Street.  C-4,  W-2500.  Vol.  Ill,  p.  574, 
Oct..   '06. 

(E)  N.  W.  Storer.     W-350,  p.  541. 


Switching  locomotives  for  Indus- 
trial Plants — D.  C.  Hershberger.  An- 
alyis  of  tests  showing  service  re- 
quirements. T-3,  W-1725.  Vol.  IX, 
p.  906,  Oct.,  '12. 

600-1200  Volt  Direct-Current  loco- 
motives for  Southern  Pacific — G.  H. 
F.  Holy.  Description  of  one  of  15  new 
60  ton  machines.  1-5,  W-2500.  Vol. 
IX.  p.  956.  Oct.,  '12. 

low  Floor  Car — j.  w.  Welsh  and 
F.  R.  Phillips.  New  type  developed 
by  Pittsburgh  Rys.  Co.,  using  special 
small  diameter  motor.  Operating 
economy.  T-5,  C-2,  1-7,  W-1625. 
Vol.  IX,  p.  825,  Oct.,  '12. 

(E)  M.  B.  Dambent.     W-250.     p.  803. 

Motors  for — See  "Series  Motors." 

The  los  Angeles  Center  Entrance 
Cars — ^E.  L.  Stephens.  1-3,  W-990. 
Vol.  X,  p.  949,  Oct.,  '13. 

Calculation  of  Speed-Time  and 
Power  Curves — P.  E.  Wynne.  C-4, 
W-3700.      Vol.   Ill,  p.   247,  May,  '06. 

Method  of  Selecting  Car  Equip- 
ment — F.  E.  Wynne.  T-2.  C-3,  W- 
6  250.     Vol.  V,  p.    438,  Aug.,   '08. 

New  B.aven  Multiple-Unit  Cars — 
L.  M.  Aspinwall.  C-2,  1-5,  W-1450. 
Vol.  VI,   p.   687,  Nov.,  '09. 

Single-Phase  135-Ton  locomotive 
— N.  W.  Storer.  See  (E),  p.  393.  1-2, 
W-800.     Vol.  II,  p.  359,  June,  '05. 

St.  Clair  Tunnel  locomotives — Li. 
M.  Aspinwall  and  G.  Bright.  De- 
scription and  tests.  C-2,  1-3,  W- 
ISOO.     Vol.   V,  p.   567,  Oct.,  '08. 

(E)  J.  Edgar  Miller.  W-1075,  p.  551. 

Single-Phase  locomotlv«  Testing 
— Graham  Bright.  See  (E)  by  N.  W. 
Storer,  p.  770.  C-4,  W-750.  Vol.  II, 
p.  764,  Dec,  '05. 

Test   on  Single-Phase  Equipment — 

—Graham  Bright.     C-4,  W-1200.    Vol. 
II,   p.   651.  Nov.,  '05. 

Single-Phase  Cars — Q.   B.   599. 

Kilowatt  Hours  Per  Car  Mile. 
W-750.     Vol.   Ill,  p.   60,  Jan.,  '06. 

Safety  Devices — J.  J.  Sinclair.  For 
use  on  electric  railway  equipments. 
W-950.     Vol.  IX,  p.  926,  Oct.,  '12. 

Railway  Motors — (See  pp.  11,  12, 
14.) 

Different  Hp.  on  Car— Q.  B.  89. 

Motor  Equipment — Q.  B.  120. 

Suspension — Q.   B.   130. 

Ground  Connection — Q.  B.  166. 

Braking  with  Motors — Q.  B.  253, 
764. 

Odd  Size  Wheels — Q.  B.  400. 

Parallel  Operation — Q.  B.  618. 

Tractive  Effort — Q.  B.  955. 

Brakes — (See  p.  3.) 

Maintenance  and    Repair 

Maintenance    of    Equipment — J.    n. 

Webster.     1-6,  W-3000.     Vol.  I,  p.  375, 
Aug.,  '04. 

Maintenance  of  Equipments — J.  L. 
Crouse.  W-2350.  Vol.  IX,  p.  362, 
Apr.,  '12. 

Maintenance  Records — T.  M.  Childs. 
For  electric  railway  equipment.  1-14, 
W-1340.     Vol.  X,  p.   1046,  Oct.,  '13. 
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Inapectlon  of  Car  Ecialpment  on 
Electric  Kailways — M.  ^i.  Uaml)eri. 
W-i;Kr>0.      Vol.    VII.    p.    316.    Apr..   '10. 

Compressor    Inspection — Q.    B.    722. 

Reduction  In  Cost  of  Railway 
Equipment  Maintenance — M.  15.  l..;iin- 
b^TL  (10).  W-yuO.  Vol.  VII,  p.  742. 
Oct.,   '10. 


Equipping:  Electric  Car* — H.  I.  Em- 
anuel. W-llOO.  Vol.  Ill,  p.  698.  Dec. 
'06. 
(K)  R.  T..  Wil.son.  W-300,  p.  CC2. 
Some  Early  Railway  Experiences — 
Will.  Cuopor  (10;.  \V-1U(J0.  Vol.  VI, 
p.   646,  Nov.,  '09. 


MINING 

(See  also  Motors  and  their  Application) 
Electric  Mine  Haalagfe — G.  W.  Ham- 


Ulon.      Working  up   of  new   propects. 
W-1675.      Vol.   VIII.   p.  939.  Oct..  '11. 

Determination  of  "Weifflit  and 
Equipment  of  Mine  laocomotlves — 
Graham  BriKht.  T-2.  C-2.  W-4475. 
Vol.  VIII.  p.   9S6,  Nov.,  '11. 

(E)    W.    A.  Thomas.      W-500.   p.   969. 

The  Modem  Mine  ^ocom.otlve — H. 
K.  Hardca.stle.  Operating  cliaracter- 
istics  and  construction.  1-7,  W-1545. 
Vol.   X.  p.   269,   Mar.,  '13. 

A  Convenient  Method  of  Determin- 
ing- Qrades — G.  M.  Eaton.  By  use  of 
tape  line.  D-2.  W-525.  Vol.  VIII,  p. 
669.   June,  '11. 

Operatingr  Features  of  Mine  Iioco- 
motives — G.  W.  Hamilton.  D-1.  1-6. 
\V-157J..    Vol.   IX.   p.    345.   Apr.   '12. 


Iiocomotlves  for  Electric  Haulage 
— G.  W.  Hamilton.  Comparative  esti- 
mates siiowing  value  of  detail  in- 
formation. W-1100.  Vol.  IX,  p.  706, 
Aug.,  '12. 

G-atheringf  tocomotivea — G.  W.  Ham- 
ilton. Data  rtuuired  for  selection. 
Calculating  capacity.  D-1,  W-197o. 
Vol.  IX,  p.  756,  Sept.,  '12. 

(E)  L.  G.  Schumacher.  W-375. 
p.    730. 

Frlctlonal  Resistance  of  Mine  Cars 
— G.  \V.  UamiliKn.  Methods  of  deter- 
mining at  the  mines.  W-1475.  Vol. 
IX.   p.    416,  May,  '12. 

Unloading^  and  Placing  I^ocomotlve 
in  Service — (J.  \V.  Hamilton.  W-3025. 
Vol.    IX.    p.    1101,    Dec.    '12. 

Rail   Return      Q.    B.    154. 

Battery  Locomotive — Q.  B.  907. 


SIGNALS 

Progress  in  Railway  Signaling — 
Hiirold  McCreiidv  (E).  W-775.  Vol. 
IX.  p.  6,  Jan.,  '12. 

Railway  Signal  Engineering — H.  G. 
PTout  (K).  Historical.  Protective 
and  productive.  W-500.  Vol.  IV,  p. 
181.      Apr..   '07. 

Improvements  in  Railway  Signal- 
ing—.!. S.  Hobson  (E).  W-800,  p.  23. 
Vi'l.   Vlir.   Jan..  '11. 

For  Electric  Railways — Recent  De- 
velopments— Harold  Mi-Cnvidy  and  C. 
O.  H.irrington.  Jr.  Telephone  dl.s- 
patchlnB;  trolley  contact;  automatic 
continuous  track  circuit  svstem;  train 
stop.  D-3.  1-4,  W-3900.  Vol.  VIII.  p. 
847.    Oct.,   '11. 

<K)   H.  G.  Prout.     ^-72.=;.  p.  822. 

Electric  Signaling  by  Trolley  Con- 
tacts-Car! I'.  X.i'h>"l,  A  l.-tt.T.  p. 
84R.  Oct..  '11;  W-000.  Vol.  VIII,  p. 
1124.    Doc.    Ml. 

Railway  Signaling— T..  H.  Thullen 
(E).  Evolution  of.  W-700.  Vol.  IV, 
p.    4.   Jan..   '07. 

MeobanloAl  Interrlocklng  —  T.  Geo. 
Wllls'.n.  D-.-.  W-21t(iO.  Vol.  IV.  p.  7. 
Jan.,    'iiT. 

Electro  -  Pneumatic  Interlocklnsr  - 
\V.  H.  Cadwallader.  1-4.  W-1300. 
Vol.   IV.   p.   6R.    F.-b..  '07, 

T-4.  r>-6.  \V-2350.  Vol.  IV.  p.  127. 
Mar..  "07. 

(E)  Wm.  Cooper.  W-750.  Vol.  TV. 
p.  121,  Mar,  '07. 


Electric  Interlocking — J.  D.  Taylor. 
D-0.  1-,-,.  \V-455U.  Vol.  IV.  p.  200, 
Apr.,   "07. 

Alternating- Current  —  General — 
J.  B.  Struble.  D-1.  1-9,  W-2150.  Vol. 
IV.   p.    512.   Sept..   '07. 

Electric  Train  Staff  Syvtam — T.  H. 
I'ateiiall.  W-:'35(i.  V'O  IV.  p.  259. 
May.  '07.  D-1.  1-16,  W-2650.  Vol. 
IV.    p.    323.    June.   '07. 

(E)   J.   S.   Hobson.      W-375.    p.    302. 

Automatic  Block  Signaling  —  Gen- 
o,ral— W.  10.  Ku.st.T.  D-1,  1-5.  W-2950. 
Vol.   IV.  p.  3S9.     July.  "07. 

Direct-Current — W.  E.  l^oster.  D-S. 
1-5.  W-IBOO.    Vol.  IV.  p.  440.    AiiBT..  '07. 

Alternating-Current — J.  B.  Struble. 
W-2075.      Vol.   IV.   p.   555.   Oct..  *07. 

(E)  L.  Frederic  Howard.     W-325.  p. 

The  Iianguage  of  Fixed  Signals — W. 
E.  Foster.  1-6.  W-S'hi.  Vol.  IV.  p. 
651.    Nov..   '07. 

Also  1-6.  W-7B0.  Vol.  IV,  p.  706. 
Deo..   '07 

Automatic  Signaling  on  Intemrban 
Electric  Roads— D.  Frederic  Howard 
(10)       W-f,2.^..     Vol.  TX,  p.  804.  Oct.. '12. 

Signal  Equipment  of  Piedmont  1800 
Volt.  Direct-Cnrront  System  —  I,. 
Kr.d.  rlc  H..ward.  D-1.  1-4.  W-925. 
Vol.    IX,    p.    S71,    Oct  ,   '12. 

The    Automatic    Control    of    Trains 

1^     V.    D'^wls.      The    auiom.atir    stop. 

W-riSRO       Vol     X.   p.   961.  Oct..  '13. 

Installation — Q.    B.    469. 


MISCELLANEOUS 


GENER.AL 


Engineering    Basis 

Chmt    V.    S-'tt.      \V-25 
691.  .Nuir.  '1- 

Sales    Contracts — B. 
*    ootif'l.se    trea'Tient 

TV-rir'ori.     Vol.   TV.   p. 

W-3300.      Vol.    IV.    p. 


of 

io. 


Progress 

Vol.    IX. 


\V- 
W- 


A.  Brennan 
of  th"  niib1e<~t 
315,  June,  '07. 
398.    July.    '07. 


'70.       Vol.     TV.     p.     52S.     Sept  .    '07. 
trtn       Vol.    TV.    p    67S.    Oct..   '07. 
.!->    W     F    Fowl.r       W-47r>      p.    301. 
Welfare  Work  of  a  Large  Manufac- 
turing   Comt»any^Hi>nilUon     A.    Roir- 
erP        T-5.    W-2376.       Vol.    IX,    p.    188. 
Feb..    '12. 
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Factory  Safeg'uardiug'  Methods — D. 
C.  Pultney.  1-12,  W-1550.  Vol.  IX,  p. 
602,   July,  '12. 

(E;)  Alex.  Taylor.     W-650,  p.  585. 

First  Aid  to  tlie  Injured— Ira  N. 
Fix,  M.D.  1-2,  W-800.  Vol.  I,  p.  286, 
June,  '04. 

Artificial  Respiration  —  Chas.  A. 
Lauffer,  M.D.  I-l,  W-1200.  Vol.  VIII, 
p.   203,  Feb.,   '11. 

Artificial  Resuscitation — Charles  A. 
L-auffer.  The  Schaeffer  or  prone 
pressure  method.  1-2,  W-2370.  Vol. 
X,   p.   1271,  Dec,  '13. 

(E)   Ohas.  R.  Riker.    W-575,  p.  1213. 

Electrical      Accidents      and      xncir 
Treatment — Chas.     A.     Lauffer,     M.D 
W-2075.      Vol.   VIII,   p.    725,   Aug.,    '11. 

Plashed  Eyes — Q.  B.  374. 

Nature,    Production    and    Uses    of 

Works  Management 


Ozone — W.  H.  Thompson.  T-1,  1-3,  W- 
5100.     Vol.  IX,  p.  973,  Nov.,  '12. 

(E)  C.  E.  Skmner.  Praotical  Utili- 
zation.    W-350.     p.  970. 

(E)  Chas.  A.  L.auffer,  M.D.  Ozone 
and  health.     W-475.     p.  971. 

(E)  C.  E.  Allen.  Commercial  possii- 
bilities.     W-350.     p.   972. 

Alternating  -  Current  Electrolysis 
— S.  M.  Kintner.  See  (E)  by  P.  M. 
Lincoln,  p.  707.  1-4,  W-1200.  Vol.  II, 
p.    668,  Nov.,   '05. 

Niagara  Palls — Aesthtic  vs.  Eco- 
nomic Value — W-2  400.  Vol.  Ill,  p. 
339,   June,   '06. 

Underwriters  Rules — Q.  B.  42,  545, 
954. 

Blue  Print  Paper — Q.  B.  317. 

Electrical  Dictionary — Q.  B.  766. 

Securing  Patents — Q.  B.  845. 


Articles  on  Organizations  (E).  W- 
800.      Vol.   Ill,  p.  428,  Aug.,  '06. 

The  Pormation  and  Organization  of 
a    Manufacturing    Corporation — C.    B. 

Auel.  Requirements.  Method  of  in- 
corporation. Officials.  Reports  to 
stockholders.  T-2,  D-1,  W-3930.  Vol. 
X,  p.   338,  Apr.,  '13. 

Organization  of  The  Electric  Com- 
pany— E.  M.  Herr.  W-1400.  Vol.  Ill, 
p.  682,  Dec,  '06. 

Orders  and  Methods  of  Handling — 
C.  B.  Auel.  Methods  in  use  in  a 
large  corporation.  I-l,  W-6400.  Vol. 
X,   p.    442,    May,    '13. 

Determining  Shop  Costs — H.  F. 
MacLane.  Factor.y  Practice.  1-3,  W- 
3345.     Vol.  X,  p.  591,  June,  '13. 

Process  Specifications — ^T.  D.  Lynch 
and  F.  C.  Lynch.  Their  value  in  a 
manufactory.  W-2830.  Vol.  X,  p. 
789,   Aug.,   '13. 

(E)  C.  B.  Skinner.     W-820,  p.  715. 

Sm.all  Tools — W.  J.  Kaup.  Their 
importance  in  manufacturing.  T-1, 
W-2505.     Vol.  X,  p.  S6S,  Sept.,  '13. 

Inspection  of  Railway  Apparatus — 
L.  E.  Schumacher.  1-3,  W-2510.  Vol. 
X,  p.   1005,   Oct.,  '13. 

Production  Systems  for  Large 
Manufacturing  Concerns — A  B.  Reyn- 
ders.  1-4,  W-2515.  Vol.  X,  p.  1180, 
Nov.,  '13. 


"Wage  Systems — C.  B.  Auel.  Day 
vi'ork.  Piece  work.  Differential  piece 
work.  Group  piece  work.  Halsey 
premium  system.  Weir-Halsey  pre- 
mium system.  MacLane  double  rate 
system.  Rowan  premium  system. 
Cardullo  diminishing  premium  sys- 
tem. Halsey-Rowan  premium  sys- 
tem. Gantt  bonus  system.  Emerson 
bonus  system.  Gain  or  profit  shar- 
ing scemes.  T-1,  C-11,  W-6105.  Vol. 
X,  p.  1242,  Dec,  '13. 

The  Correspondence  Departments — 
H.  D.  Shutc  T-3,  D-7,  W-S900.  Vol. 
IV,  p.  19,  Jan.,  '07. 

(E)    James   C.   Bennett.    W-325,  p.  5. 

'Westlnghouse,  Church,  Kerr  &  Co. 
—Walter  C.  Kerr.  W-3000.  Vol.  III. 
p.  380,  July,  '06. 

History  of  the  Westlnghouse  Ma- 
chine Company — Edward  H.  Snifflru 
W-4400.     Vol.  IV,  p.  265,  May,  '07. 

(E)  W.  M.  McFarland.  W-225,  p. 
243. 

The  Union  Switch  8c  Signal  Com- 
pany— H.  G.  Prout.  W-3500.  Vol.  Ill, 
p.  450,  Aug.,  '06. 

Westlnghouse  Electric  &  Mfg.  Co. 
— New  East  Shop,  C.  C.  Tyler.  I-l, 
W-3500.     Vol.  I,  p.  37,  Feb.,  '04. 

The  Westlnghouse  Companies — 
(E).     W-600.     Vol.  VI.   p.  4,  Jan.,  '09. 


THE   ENGINEER 
Education 


Education,  Various  Xlnda  of — Wal- 
ter C.  Kerr.  W-1800.  Vol.  II,  p.  289, 
May,  '05. 

Engineering  and  the  College  Grad- 
uate— H.  W.  Buck.  W-1000.  Vol.  II, 
p.    685,  Nov..   '05. 

Twentieth  Century  E  n  g  1  n  e  e  r — 
Chas.  F.  Scott.  W-2025.  Vol.  IV,  p. 
222,   Apr.,  '07. 

(E)   Chas.   F.   Scott.     W-550,  p.   184. 

A  Broader  Traininsr  for  Engineers 
— Charles  Whiting  Baker.  W-2000. 
Vol.  VI,  p.   401,   July,  '09. 

Addresses  to  Engineering  Students 
— Chas.  F.  Scott  (E).  Comments  on 
publication  bv  Messrs.  Waddell  and 
Harrington.  ■W-550.  Vol.  VIII,  p. 
970,  Nov.,  '11. 

The  Humanities  in  Technical  Edu- 
cation— F.  D.  Newburv.  (E.)  W- 
1180.     Vol.  X,  n.   314,  Apr.,  '13. 

Education.  Technical.  (E).  W-800. 
Vol.  I,  p.  371,   July,  '04. 

New  Method  of  Industrial  Training. 
W-3450.     Vol.  VIII,  p.  366,  Apr.,  '11. 

(E)   Chas.   F.   Scott.     W-375,  p.   310. 


Signs    of    the 
education.     W- 


Technlcal  Training,  Practical  Util- 
ity of — William  Barclay  Parsons, 
W-ISOO.     Vol.  II,  p.  533,  Sept.,  '05. 

Means  and  Ends  of  Industrial  EdU' 
cation — F.  L.  Bishop.  W-1975.  Vol 
IX,   p.   1071,  Dec,  '12. 

(E)     C.     R.    Dooley. 
times     in     industrial 
700.     p.   1059. 

Industrial  —  Present  Tendency — C. 
R.  Dooley  (E).  W-1175.  Vol.  IX,  p. 
15,  Jan.,  '12. 

Practical  Experience  for  Engineer- 
ing Students — Chas.  F.  Scott  (E). 
W-750.     Vol.   IX,  p.   40,  Jan.,  12. 

The  Technical  Graduate  and  the 
Manufacturing  Company  —  Chas.  F. 
Scott.  W-1475.  Vol.  IV,  p.  75,  Feb., 
'07. 

The  Engineering  School  and  the 
Electrical  Manufacturing  Company — 
Chas.  F.  Scott.  W-2300.  Vol.  IV,  p. 
«S»    Nov     '07 

Why  Manufacturers  Dislike  Colleofe 
Graduates — Frederick  W.  Tavlor.  W- 
4100.     Vol.  VI,  p.  537.  Sept.,  '09. 

(E)  E.  M.  Herr.     W-375.     p.  514. 
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The  Human   Side  of  the  ZS&frliieer- 

Ing-     ProlesBion — V.     Kaiapetoii.       \V- 
lUGO.      Vol.   IV.   p.   162.   Mar.,  '07. 

(K)   H.   D.  Shute.      VV-150,  p.  126. 

Eng'lneeringr     PerBonsUty     ana     Or- 

fanlzaUon  —  Walter  C.  Kerr.  W- 
9110.       Vol.    V,    p.    492,    Sept.,    '01. 

ZSnglneerlng-  Training- — F.  \V.  Tay- 
lor and  Alexander  I".  Humphreys.  \V- 
2200.      Vol.   Ill,   p.   6'J3,   Dec,  '06. 

ZSngrlneerlng-  OpportnnlUea  and  Re- 
quirementg — Geo.  A.  Damon.  See  (E), 
p.   tJ.i.     \V-3S00.    Vol.  II,   p.   16,  Jan.,  '05. 

Suggestion  to  Engineering  Appren- 
tices— (.'.  \V.  John.son  (E).  Learn  a 
few  things  well.  W-9iO.  Vol.  VI.  p. 
1»7.    Apr..   '09. 

The  Casino  Technical  XTlght 
School — C.  R.  Dooley  (E).  W-450. 
Vol.    V.   p.   422.   Aug.,   '08. 

Carnegie  Olft  to  Engineering — W. 
M.  M'-Farland  (E).  W-500.  Vol.  I, 
p.    1S4,    Apr..    '04. 

The  Technical  Man  as  the  Auto- 
crat of  the  Business  World.  W-700. 
Vol.    Ill,  p.    295.   May.   '06. 

Study  Men — John  F.  Hayford.  W- 
J075.      Vol.  IV,  p.  563,  Oct.,  '07. 

(E)   Chas.  F.   Scott.     W-400,  p.   543. 


Technical    Schools:   Mr.   Wurts   and 

the   Carnegie.      l-i,    W-loOU.      Vol.    II, 
p.   425.   July.   '05. 

Oettlng  on.  Some  DUncultles  in — 
James  Swinburne.  See  (E>  by  Chas. 
F.  Scott,  p.  192.  W-2600.  Vol.  II,  p. 
174.    Mch.,    '05. 

Olnger  Plus  Education,  Insepara- 
ble— Frank  H.  Taylor  (E).  W-600. 
Vol.  II,  p.  60,  Jan.,  '05. 

Education,  The  Business  Side  oi 
Technical — Alexand<ir  C.  Humphreys 
\V-2yOU.      Vol.   I,   p.    .342,   July,   '04. 

An  Event  in  Electrical  Development 
Ph.  Lange.  W-400.  Vol.  IV,  p.  290, 
May,  '07. 

Co-Ordinate  Engineering  (E) — W. 
M.  McFarland.  \V-600.  Vol.  III.  p. 
»65,  July.  '06. 

Engineering  Shorthand — George  A. 
Wardlaw.  A.  I.  E.  E.  list  of  abbrevia- 
tions.   W-2000.    Vol.  II,  p.  233,  Apr., '05. 

A  Spelling  Iiosson  (E).  W-300. 
Vol.  Ill,  p.   186,  Apr..  '06. 

Theory  and  Practice  (E) — W-600. 
Vol.   II,  p.   618,   Aug.,  -06. 


Engineering  Societies 


Importance  of  Membership  in  A.  I. 
■.  E. — Percy  H.  Thomas  (E).  W-250. 
Vol.  IV,  p.  63.  Feb.,  '07. 

Requirements — (>.   TI.   330. 

Nominatiug  and  Electing  Officers, 
A.I.E.E. — (iano  Dunn  (E>.  W-1725. 
Vol.   IX,  p.  8,  Jan.,  '12. 

Engineering  Sonor  and  Institute 
Branches  (E) — Chas.  F.  STcott.  W- 
9U0.      V<d.   III.  p.   361.   July.  '06. 

Abstracting  Engineering  Papers — 
Go-.i-K--  C.  .^eh.i.id.  \V-1125.  Vol.  IV, 
p.   83,   Feb.,    07. 

(E)    Ralph   W.  Pope.     W-250.   p.    «2. 

Proposed  A.  I.  E.  E.  Constitution — 
Cha.i.  F.  Scott  (E).  W-675.  Vol.  IV, 
p.   187.   Apr..   '07. 

•tandardizatlon  Kules — A.  I.  E  E 
W-L'OOO.      V..1.    IV,   p.   447,   Aup..   '07. 

(E)   Chua.  F.   Scott      W-800,  p.   42S. 

Standard  Voltages — Chaa.  F.  Scott 
(E).      W-676.      Vol.    IV,   p.    482.   Sept., 

A.I.E.E — Annual   Report    of    Direc- 
tors— ('has.      F.      Scoit      (E).       W-:oo 
Vol.    V,    p.    304,   June.    'OS. 

Kotes  on  A.I.E.E.  Convention — 
Chas.  F.  Scott  (E).  W-1100.  Vol.  V, 
p.   423,   Aug..  '08. 

Selection  of  Officers   for  A.I.E.E 

Cha.<^.   F.    Scott    (E).      W-',":.       y.,\     VI 
p.   6  7.  Feb.,   '09. 

A.I.EJE:.  Anniversary,  1909 — Tha.i. 
F.  Scott  (E).  W-4&0.  Vol.  VI,  p.  196. 
Apr..    1909. 

A.IX.E.  Convention.  1909 — Chaa  F 
Scott  (E).  W-800.  Vol.  VI  p.  450! 
Aug.,    1909.  ^  ' 


Notes  from  the  Northwest — Chas. 
F.  Scott  (E>.  W-800.  Vol.  VI,  p.  579, 
Oct.,  '09. 
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